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Enhancement of Iron Oxidation Rate by Immobilized Cells in
Chemo-biological Process for H.S Removal
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This study was aimed to enhance the Fe(ll) oxidation rate using immobilized cells of Thiobacillus ferrooxidans. For this
purpose, a medium for the minimization of jarosite formation was developed first. Secondly, cell immobilization in celite beads
was carried out. And then, repeated-batch and continuous operations of Fe(ll) oxidation by using immobilized cells were
performed. In a series of flask cultures, three types of media were tested: media with a much lower salt concentration than
that of the 9K medium; media which contained different nitrogen sources from that of the 9K medium, that is, (NH4):HPOs,,
NH4Cl and HNOs; media which contained (NH4);HPO,4 as nitrogen and phosphate source, but without KoHPO,, the phosphate
source in the 9K medium. As a result, the M16 medium which contained 3 g/L of (NH4),HPO; as nitrogen and phosphate
source was found to be the optimal one. It sustained good cell growth allowing no jarosite formation. In the repeated-batch
operations, the rate of Fe(ll) oxidation gradually increased to reach a maximum value as the batch was repeated. As a resuit
of repeated-batch operations, a maximum Fe(ll) oxidation rate was 2.33 g/L-h. In the continuous operations, the iron
oxidation rate could be increased to 2.14 g/L -h at a dilution rate of 0.25 h" which is greater than the maximum specific
growth rate (0.12 h™)of the bacteria.
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Figure 1. Schematic diagram of continuous operation in airlift reactor.
(1, Redox potential probe; 2, Decantor; 3, Condenser; 4, DO probe)
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Figure 2. EDX spectra on the elemental composition of jarosite.

Table 1. Elemental composition of jarosite.

Element Composition (weight %) {Concentration (mmol/g-jarosite)
Fe 315 5.64
S 135 421
K 532 1.36
P 0.1 0.03
Mg 987 x 10* 4 x 10®
Ca 761 x 10* 19 x 10°
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Figure 3. Effects of salt concentration on Fe(Il) oxidation and jarosite
formation. (@ : 9K, O : M1, Il : M2, []: M3, A : M4 medium)

Table 2. Media used for the study on the effects of salt concentration (g/L).

Composition 9K M1 M2 M3 M4
(NH4)2804 3 0.4 0.04 0.004 0.002
MgS0q - TH20 0.5 0.2 0.02 0.002 0.001
K:HPO, 0.5 0.4 0.04 0.004 0.002
KCl 0.1 - - -
Ca(NOs), 0.01 Lo -
FeSO, - TH,0 45 45 45 45 45

M1 ; Grishin et al., Appl. Environ. Microbiol., 1988

8 Su7h 49E gAY, 1 olste BreldE Anzo
2 2o o9 jarositer} A= ST

oo} Ak, o 9 AsfoZA ASHE (NH) HPO,
o ¥E8 A3 FoRA el A3t SE FHT B4 3

o] jarosite®] AAE FFHF AAY & dE AL AVHIG.
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Figure 4. Effects of nitrogen sources on Fe(ll) oxidation and jarosite
formation. (@ : 9K, []: M7, A : M8, A : M9 medium)
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Figure 5. Effects of phosphate concentration on Fe(Il) oxidation and
jatosite formation. (@ : 9K, O : M10, I : M1, []: MI2, A : MI3
medium})

Table 3. Media used for the study on the effects of nitrogen sources (g/L).

Composition 9K M7 M8 M9
(NH4)2504 3 - -

(NH;),HPO, - 3 - -
HNO; - - 3 -
NH,Cl - - - 3

MgSO, - 7TH0 0.5 02 0.2 02
K,HPO, 05 0.5 0.5 05
KCl 0.1 0.1 0.1 0.1
Ca(NOs), 0.0t - - -
FeSO, + TH,0 45 45 B 45 45
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Table 4. Media used for the study on the effects of HiPO, concentration (g/L).
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Table 5. Media used for the study on the effects of (NH):HPO,

Composition 9K M10 M11 Mi2 M13
(NH4);S04 3 3 3 3 3
MgSO, - TH,O 0.5 0.2 02 0.2 0.2

K>HPO4 05 - - -
H;PO4 - 0.5 1 2 3
KCl 0.1 0.1 0.1 0.1 0.1
Ca(NO3)2 0.01 - - -
FeSO;, - TH,0 45 45 45 45 45
10

Fe2" concentration (g/L)

Fe(total) concentration (g/L)

6 L.
5 | | | |
0 20 40 60 80 100
Time (h)
(b)

concentration (g/L).

Figure 6. Effects of (NH4);HPO4 concentration on Fe(Il) oxidation and
jarosite formation. (@ : 9K, O : M4, Il : MI5, []: Mi6, A :
M17, A : M18 medium)
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Composition 9K | Mi4 | MI5 | Ml6 | M17 | MI8
(NH,),504 3 - - - - -
(NH,);HPO, - 1 2 3 4 6
MgSOs-7TH0 | 05 | 02 | 02 | 02 | 02 | 02
K-HPO, 05 - - -
KCl o1 | o1 | ol | o1 | o1 | ol
Ca(NO3), 001 . . ; . :
FeSO4 - TH,0 45 45 45 45 45 45
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Figure 7. Effects of initial pH on Fe(Il) oxidation in M16 medium. (@
cpH 15, O:pH 18, I : pH 23, [J : pH 3.0)
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Figure 8. Fe(Il) oxidation by immobilized cells in celite beads in
repeated-batch operation using airlift reactor.
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Figure 9. Rate of Fe(ll) oxidation by immobilized cells in celite beads
in repeated-batch operation using airlift reactor.

M 1t I
12 —

TR R PR 0 [ Ry

—
[}

Fe concentration (g/L.)

0 -0 e e et 0 29

0 50 100 150 200 250 300 350 400
Time (h)

Figure 10. Fe(ll) oxidation by immobilized cells in celite beads in
continuous operation using airlift reactor. (@ : Fe(Il), O : Fe(total), ¥ :
Fe(Ill) ; 1, dilution rate = 0.1 h" ; II, dilution rae = 02 k™ ; II,
dilution rate = 0.25 h’)
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