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Aeke] F7]18} <l pyrited A #18}7] $15ke] chemoautotrophic, acidophilic, iron-oxidizing bacterium Thiobacil-
lus ferrooxidans & *+4-3tich Aeke] |4 =atel] AR ABE o vl Aidse Fodstelth N
o] 27), Tk, 27 EFE B G FE § o2 /M FA RFEo] 25 vA e 9% Ak
10-70%(w/v) & A&t &ele] FXolA] 11-159 St 2F 80-98%2] pyritic sulfurd& AAE = ek o)
gL T 50%(wiv) 2 Aek Sele] FEAA dPHog Frleda, 70%(w/v) Hek £22)el 4 1,117 mg
pyritic-S/L-day ol & 23& 25 Airk v|dE SFFT M9 A 2 2L 70%(w/v) e A&t el
X% 042 mm ©]3t8] MEk glake} 10° cells/g-pyrited] HEFEo|ch

Abstract—To remove pyritic sulfur from coal, chemoautotrophic, acidophilic, iron-oxidizing bacterium 7Thio-
bacillus ferrooxidans was employed. Coal samples used in all the experiments were an anthracite coal obtained
from the Han Yang Mining Company. The effects of various process variables(such as coal pulp density,
salt concentration, particle size and initial cell density) on the pyritic sulfur removal rate has been determined.
About 80-98% of pyrite(FeS,) in coal could be removed by T. ferrooxidans within 11-15 days in a shake
flask. The maximum pyritic sulfur removal rate increases linearly between 10 and 50%(w/v) of the pulp
density and reaches a maximum level at 70%(w/v) of pulp density(1,117 mg-S/L-day). The optimum opera-
ting conditions are found to be a pulp density of 70%(w/v). particle size less than 0.42 mm, and initial cell
concentration of 10° cells/g-pyrite in coal.
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Fig. 1. Flow sheet for a microbial desulfurization process
of coal.
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Table 1. Chemical analysis of coal samples prior to desul-
furization

Content(wt%)
Particle size of coal(mm)
<042 05-1.0 10-20 2040

Analysis

Sulfur analysis

Total sulfur 54 5.60 726 14.75
Pyritic sulfur® 3.12 4.11 6.17 1349
Sulfate sulfur 0.14 0.05 0.04 0.04
Organic and 2.14 144 1.05 122

elemental sulfur’
Iron analysis

Total iron 3.33 4.25 581 1232

Pyritic irons 2.73 3.60 540 11.80

Nonpyritic iron 0.60 0.65 041 0.52
Proximate analysis

Moisture 1.06 2.04 1.92 1.09

Ash(dry) 2556  19.09 3438 4368

Volatile matter(daf)? 6.84 873 1087 1213
Fixed carbon(daf)? 93.16 9127 89.13 87.87
where ¢ : calculated from amount of pyritic iron based on
stoichiometry, ¢ : total sulfur-pyritic sulfur-sulfate sulfur,
¢’: total iron-nonpyritic iron, ¢ : drf ; dry ash free basis.
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Fig. 4. Effect of salts concentration on the oxidation of
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o] A uj-F-oll ube|2lo}e] 5ol AMajgci{22].
, Aebol] 3% uhal] A (calcite) o]} 9], Pb, Cr,
Ni, Cd, Zn, Co &2 —6—%:‘,—[23] o] T. ferrooxidans<)
845 AaE7] Wi dFEre} AAEL] Pa

o= - %_
oo & $E gk & A7 1 g Hekel AR

27}l we} 714 18 do g Zrisisich w9l ek 6-12%0] A=} o F-1-2] & ek 34 % (volatile mat-
A 284S e Merert o1 E das s 7 ter) o] 25-35%% W& oF& sk ‘il°1 Aeke] %
st E, HE FAEEE 10%(w/v) 2k 70%(w/v) 2 7} Z7}atol upe} Aleko 2 HE pHr} o ooz
A4g zﬂsls}m_% W Ygste BAA A A8 FEH] et $71%9) Jol B gl st o)
Table 2. Comparison of microbial pyrite oxidation rates
. Pulp R(%)/
Author Lo.a¥ type Strain dp density duration ! AY/AP
(pyritic S %) (um) (mg S/L-h)
(% w/v) (day)
Kargi[ 1982] Pennsylvania ~ SA(strain 98-3) <125 5-15 96/10 45-13 0.85
2.1
Chandra Assam, India  TF(NCIB 1580) <65 2.5-10 60-90/8 3-13 1.524
& Mishra[ 1990] (29
This work Hard coal TF(ATCC 19859) <420 10-50 80-98/ 15.0-56.1 1.028
(3.12) 11-15

where Y=maximum oxidation rate of pyritic sulfur, R=pyritic sulfur removal, P = pulp density of coal, TF = Thiobacillus

Jerrooxidans, SA=Sulfolobus acidocaldarius
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Table 3. Pyrite oxidation rates with particle size of anth-
racite coal(20% pulp density)

Maximum sulfur Pyritic sulfur

Particle size removal rate _removal(%)
(mm) mg-S/ /duration
g pyritic-S-day mg-5/L-day (day)
dp<0.42 86.08 470 90/15
1.0<dp<2.0 34.44 446 58/25
2.0<dp<4.0 285 672 48/25

A gl &4& s 7o]c). Obligate lithotrophdl T
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B3hd o] 5% 7142 A Al o2l &t 7] 4k
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A8 Auke 214-2o] Exbstod HE Y- pHE o)
pHZ Y3 jonophore & 2H-8517] W of §7]80] &
A3t o] & ApebA] Fghoh wbwdel] £ Aol AHg-=
Ak {7184 fAd ol 6-12%2 o yrkel Hl3le]
Aoz Hol T. ferrooxidans7} 7)1 &4 43S
A7 ) wEel) mE5e] et Ly To
&g FA% F 9l AoE A4}

3-5. MEH QX 7|9 HE

Aere) A Eaty 932 Aekgizle] Fulol A v| P&
o 2% 3 s§tE-o] Asub-Ed o] gick 2BjB R
o] & 7}t Auke] B L Muto ‘%3’}—'—5- Z
k= F23 Azl 9 sholrh meba], 4
ar|7} F7HE5E v Ee] o] 4-% T sle M &
o] zhAastr] wiel vl AEel og g5} &
HsA 7tagk Zlolt 53], FAske o -
(micropore) 7+ gl7] wjiel AHoR & 7
(macropore)-& Zi QlE AXetwct v]Y o] o] -3
T e o] 2y wF-el(24] F3 =7 At
Al g oz oAbt B APl Mk }9—51——'?—51
pyritic sulfur®] A7 &xof vz glApz27)2] o
ZA317] 98ked 0.42 mm ©] 3}, 0.5-1.0 mm, 1.0-2.0 mm,
2.0-40 mm Z7]9) oJe] et 2}4-3le] =3 S

Faslela, Mer gele)e) Tt 20%(w/v)olh

ek qlzte] Wstel| ulE @3& 5 0} A 455 Table
3ol AAEHsAc) @9 Fouig GaE s 2.0-4.0 mme]
Aet =7} 7 Eeh A &7)7F Fellk Eska
pyrite®] A3}&5 7L & o) f+= pyritic sulfur7} 13.49%
Z 7] g Fo|c}. Pyritic sulfur?] 484 %+ pyrite2]
grg Zolell wet A Hon 17}‘471 wlo)}(5]. &
A AEe At dxbe] Frlell ahe} 3FAagc}. Pyritic su-
lfurs}t T. ferrooxidansoll 913 ¥4 = A&t 3)zle]

00\

vte|2lo} Thiobacillus fervooxidansell 2)3y Aele] 53t =& 331

27]7} Z7htell apeh g Ao g ghagich aleba o)
WBe) RRBHE oD oot AL ek
SiAbe) ¥4} Basieh Qake] 2917 Zobal whel
Ak dabe] 7)1 WE m S 428 o9 A7)
upofl AMeke] o) 28 SgF A e 3iAte] 27
of W& AT A3-E 2HAsslr] Al b 2
7l 0.5 mm o]s} g FH oo} g}, v 52| ity
Aol A3t Mk qlzke] =7 Muke] F4] AAA
& aejstole} Rr) ol T S, Mt Feje]o] 2Ty
o] CWM(coal-water-mixture) $18.¢] AAb-zAol| g
sla, CWMe] 9152 v|&ehs 2}-88}7] u-Zoll, CWM
o Azl v BE G A d3F eI} FAA
£ =d 5 Uk

4.2 E

sHabst wtelelobl T. ferrooxidans & AHg-1e] Here)
A 2HFH] ARE vIAE o2} X FRAS

o]

5o %L Aol S-S el i HA cell H
FE5EE 10° cells/miolch. M=k gi=be] F717h Fopad
TE G et fA A skl i, 9K salt medium
o]

Po] odymollH Fdol d3-& v|AA st &
43} vhe 2lo}”) T, ferrooxidans & A}-4-8ted 10-70%(w
/v) el Al felg] FrdlA 11-156Y Fekd| oF 80-98%
9] pyritic sulfur® A A& 4 gl FHof &S =
50%(w/v) 2] Mt selg] FE7kR] A¥Ho g Frlst
AaL, 70%(w/v) Aek &gl A 1,117 mg pyritic-S/L-
day®] & @342 5 o) 70%(w/v) o] & &
2] FEolAdE vYE o i & & AHEE
FAE 4 7l Wil v E FFAe] 2dulst F
A E HAHA 2 5 ol vAE Do AA

e G2
7 A

o g Tt Aol 4 AT B 2shA Sl o
o o] Folal up o)e] FHARERIIEE FF| Falol
g8 F4 DR EATU DHEE b 7
ApEgiLi.
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