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Effect of Operating Parameters on Microbial Desulfurization of Coal by Acidithiobacillus ferrooxidans.
Ryu, Hee Wook*. Department of Chemical and Environmental Engineering, Soongsil University, Seoul 156-
743, Korea — In microbial coal desulfurization process (MCDP) by using Acidithiobacillus ferrooxidans, the
effect of process variables on pyritic sulfur removal efficiency has been investigated. The inhibitory effect of
toxic materials contained in coal matrix on the activity of desulfurizing bacteria have been evaluated in coal
extracts, and the results showed that the method was useful to evaluate the applicability of a coal which is to
be desulfurization to MCDP. The removal efficiency increased with decreasing particle size and decreases
with increasing pulp density, but has no significant influence of particle size and pup densities at high pulp
densities over 20 wt%. The mass transfers of gaseous nutrients such as oxygen and carbon dioxide into coal
slurry with various pulp densities and coal particle size has been studied in an airlift bioreactor. Mass transfer
coefficient was independent of pulp density in coal slurry with fine particle below 175 pum, but significantly
decreased with increasing pulp density over 225 um. The coal particles over 575 um were significantly settled
to the bottom of bioreactor resulting in poor mixing. Considering mass transfer, pulp density and coal mixing,

an optimal size of coal particle for the microbial coal desulfurization process seems to be about 500 um.
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Table 1. Sulfur content in coal prior to desulfurization.

Coal Total sulfur content Pyritic sulfur content

(wt%) (wt%)
Hanyang 5.40 3.12
Alaska 0.17 0.12
China 0.60 0.43
Indonesia 0.52 0.37
USA 0.29 0.15
Australia A 0.90 0.52
Australia B 0.90 0.80

sted BABIITH10). At ol I 3 T 9
=2 AMsle] 24T 10% BaCly,H,0 49 2 mbl] 5
29 2 mig &3 ¥ F=E UV/VIS spectrophotometer
(Spectronic 21 UVD)E AF&-3}e] 450 nmel| A &3 3ok
[17].

>
m

MEH S30 E EHE 8
Mete] 582 Muke] w3l Ao ot BhEw Mt
2] fixed carbon®| 90%°|A}el A5 Fdet 50~90%¢2]
5 A= 50%0l3H)] A5 ZAvter FRsiet &
TolME pAES] &3 548 Aete] SHo w=t 241
tdet. Farke 2 ghokehs AN QAsleRE &

He ARSEIIT TR A9t dA R 45
o] 7} o koM (Fig. 1), AlAE Al Fdgke] 7
$7F o A vebdot defrtd - Sgkae] 5.4 wi%eolH
pyritic sulfury 3.12 wt%2 B4 ¥ vby d¥elel 3
Fete & B3lako] 0.9 wt%e]al pyritic sulfurs 0.8 wt%e]
B2 §29e] e A Fivt Fdutie} vieid e
2 A7} o]= AAwr o] Sgkeke] W) wFel vt
F Bl HolZ o] &F = gl 71H o] F=3 Aeol
7] W Fo= FHFc}

fol
E_)i

JZ:Fr

>
i

o 8 o £
o,

N

it

MEt ERE S50 PHETl S0 DXIS 28 7
ABHA Ao B Aehl] 7T BHE

0 5 10 15 20 25
Time(d)
Fig. 1. Effect of coal grade on biodesulfurization. (a) leached

iron concentration and (b) removal efficiency of pyritic sulfur. @,
anthracite coal; O, bituminous coal.
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Fig. 2. Iron oxidation activity of 7. ferrooxidans in the coal

extract solution (Australia A coal). Extract content (v/v %): @,
0%; O, 20%; ¥, 40%; V7, 60%; B, 80%; [ 1, 100%.

700

600 |-
500 -
400
300
200

100

Fe** oxidation rate (mg -L'h™)

0 | ) 1 L L
700 | )

o |

50F @ g .
wog—% 58—
0 Y
200 -
100 -

0 i ] | ! L
0 20 40 60 80 100 120

Extract concentration (%)

Fe?* oxidation rate (mg -L"'h™)

Fig. 3. Effect of different kinds of coal extract on the iron
oxidation rate by T. ferrooxidans. (a) average rate and (b) initial
rate. @, Alaska coal; O, China coal; ¥, Indonesia coal; &, USA
coal; l, Australia A coal.
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Table 2. Concentration of heavy metals and TOC in coal
extracts.

Coal TOC Heavy metal concentration (mg:L™")
(mgL™) Fe Cr Ni Cu Zn Al
Alaska 119.4 294 0.03 0.10 0.04 023 83.39
China 19.8 14185 0.10 083 1.02 276 2749
Indonesia  82.1 26.1 0.01 0.10 0.10 1.16 45.02
USA 48.1 2187 0.30 0.18 0.07 1.23 59.18
Australia 1342 19740 030 0.16 147 147 68.42
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Fig. 4. Effect of sulfur content on desulfurization. (a) Australia
coal and (b) USA coal. Pyrite content: @, 0%; O, 0.5%; ¥, 1%;
Vv, 1.5%; 1, 2%.
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Fig. 5. Effect of pulp density on desulfurization (Australia A
coal: coal particle size <175 pm). Pulp density (wt%): @, 5%; O,
10%; ¥, 15%; V7, 20%; A, 30%.
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Fig. 6. Effect of slurry density on pyritic sulfur removal
efficiency (coal particle size <175 pum).
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Fig. 7. Effect of particle size and pulp density on pyritic sulfur
removal efficiency.
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Fig. 8. Comparison of leaching rate on different coal particle
size. (a) Leaching rate in mg*L™'-d™! and (b) Leaching rate in mg-
kg-coal™' - d”!. Particle size: @, 150-300 um; O, 300-850 um; 'V,
850-1180 pm.
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Fig. 9. Effect of pulp density on mass transfer coefficient in airlift reactor. Coal mean particle size: (a) <175 pum, (b) 150-300 um, (c)
300-850 pum, (d) 850-1180 um. Superficial air flow rate: @, 0.007 m/s; O, 0.014 m/s; ¥, 0.021 m/s; V, 0.028 m/s; l, 0.035 m/s.
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Fig. 10. Comparison of ki a on different coal particle size (at 10
wt% pulp density). Superficial air flow rate: @, 0.007 m/s; O,
0.014 m/s; ¥, 0.021 m/s; ¥V, 0.028 m/s; M, 0.035 m/s.
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