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b, R T 2 A R AR Y — e R R IR TR EL BT TR, RBEEET EE
I R B e R R 1 R R AR AR TR IR TR BBk R TE R L I R AR T
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BT RRRENEBHENEE #™
H, WAELHERELFECRRTIFSHE
Mo HEEREIIHE, TURENSR
BE—mAREET 1.5%. RmERP—&
HaH—TBNGH.25—7.0%), KR
U S EE LR EATLE .

B R R R H v IR T 20 A
WEEMAENE. AMEHT RERA
fRBEREE . EREAS A, BEE
T EE.

ESMEMAMERERFEHDHE TR
BRTES Fhgin TESEEETIA
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BiLESRIW kA, REXSE C/EE
A EER—IMEH, BIFTH. AXEE
IR R s Mok Tt e O 1A SR B R
Bt/ hNiR 5

HO A
(=) HREH
MPENIARED 3 8, BdWskiEst

EEEMAL IR S RS ENRR,
BEHEFEMN, 2EENEATERTETE
(Thiobacillus ferrooxidans) T. f-4 Z#E
(PR T.£-4),

(=) #EREs

Fe R Leathen 3 HWEmmE, W
AR BRI 60g/L B—200 R
B8 10g/L,

(2) R SHE

ISR O A SRR, &0
2.45% , B ELE T 1.885% ,HHLEE0.565%,
R MR, MEMRIEERE—200 3,

(@) BKEEiE

LR E: ¥ 10g—200 H Ay 4
nE&F 100ml, —5% pH {& Leathen T
PLEEFRE (BHEERBEA) B 250ml =
R, FAE—R, (% oH HRELE
2025 14, RIGIN— EEEF, 30°C,
160r/min ERZEFEH. BBE B,

AXT I8 7 BigEle
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EEN M, RIETHSBMARBSEER
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G, FEERPINAWRER:, EHEREAE
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T.f-4 HFERBEHSERAEN S F
mE 1 WE e FWPEE, EESRB%
T, Ti-4 EASBEEL N 12 R (F
EEFBEM 245%HE1.20%),{HEIF 9
%, EmECEIsEE. HUkEsS:
%, BIEBH{EN 22 (BAAWE
B 2.45% EE1I8%), B B4 104 H
fe/e - WMBTUEREHEM 245% BE
1.09%), BERWEH10%(HRASHEMN
1.45% FEEE 1.17%), FEIE I 140—170
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Table 1 Retationship between the amount ot removal of sulfur and nutrients
l | i |
. THYE TEHF MgsO, | (NIL}SO, | (NH),50, ¢
Nuttieee | Swenle . No + : + i + LK HPG,
v o control | mutricnt K,HPO, . K,HPOD, MgsO, i
1 i i |
—_ ) | ! : | S
| | |
Toial (7%) 2.4 ; .70 1.60 [ 1.30 1.26 : 1.51
sulfur ' i ! |
| : ’
— ! | “ i =
®wIE c \ r ! 1% 1 20 % Leathen* SR *x
Nutrients Mgs0, : (NH.}:80, | (NH,)S0, | (NI ,S0, medium . m dium
| | ; |
s k : | | i
To:al( %) 1.51 ; 1.20 1.26 1.30 . {230 i 1.54
sulfnr | |
i .
fHE e Tek-Leathen BERBEF.HHERNRN S IERTAL 25X 10ME g - ERETS SRR NIL

PR Leathen FIRZEIREIDAL

Bacterial cells harvested [iom the cultures grown in Fe’t-Leathen medium at the

end ot expo-

nential growth; Nutrient amount added according to Leathenu medium,; Concentratiens ot cells 1po-

culated, 2.5 % 10" cells/g. pyrite

lnorganic Leathen{*} aK(**)
elemenis medium{g/L) medium(g/L)
(NH,),S0, 0.15 3.0

K,HFO, 0.03 0.5
MgsO,-7H,0  0.65 0.5

P
= 241
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Fig. 1 Condition experiment of microbial desulfurization

& BiEERTEIRUEIGTS b. pH (EAOEER: o EREMNEW; d MERENEWEE: 1 EHE

Wtk-Leathen MEFRICcRAH; Bb R0 2.0X10° 41K /g - &G bscy . HiFHTET d-Lea-

then SEFREE B IR R BUE K WIRIUR SO BER L 3.5X 107 /g - BBE (e BH R
A 1-¢ figrp)

a. Effect of time; b. Effect of pH: c. Effect of inoculation; d. Effect of coal pulp

density.

Conditions: a, Bacterium grown in Fe?*-Lcathen medium; Concentrations

ot cells inoculated, 2.0 X 10* cells/gram pyrite. b, ¢, and d. Bacterial cells harvested
from the cultures grewn in Fe?*-Leathen medium at the end of exponential groeth;

Concentrations nf cells incculated. 3.5 % 10" cetls gram oyrite (¢, inoculatien as
: 8

shown in Fig. 1, ¢)

Zo BHIMABIRIEFRREN, T
BEBLRRARE: (1) ERPRNEMER
W QOBAmmmE s, RaRHERD
e 2 L B R S, TR ED A s s (3)
9K 8532 5Yoe TSN, REIMA BiRs 4
BB R KRB R R o

(3D RBREMERBRRE R

LOBURETAR T 20 MW g rh Bk o I
X AR ERAT R I, AR R R ER R K 4 B
ARERITIGE, HRIE 2. HbH
WILMRAOME ARG AR R RS, K
LEOEE, ROENAER LR
BL i R o
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Table 2 Effect of washing pretreatment of
coal sample on the amount of removal of
sulfur

whik T TR Xﬁfbﬂ" HCl | H,50,
Pretzeatment pretreatmen[ ‘le 5 pHIL.S
=H(%0)
1.3 1.2 1.13 1.13
Total sulfur

EFE-Leathen S RRPIESN BRE N
25X 10 R fg- HARET

Bacierinm grown in Fe-Leathen madium;
inoculated, 2.5 % 10°

Concentrations of cells

cells/gram pyrite

Dl B R R — SR s (R
ke, LEBILEE 3. REAR, WM ARBRA
RS, BB T R B (1:20) 502,
R A RR B R Ko

3 WHERE1:20) /52 BRI B R R T

Table 3 Effect of HC] {1:20) post-treaiment
of ¢oal samples on the amount of removal of
sulfur

- |
%ﬁ.gnéif&ﬂ KE?M’E e
o
post-ireatment Posl_‘re“meutlPnatvtreatment
1“-;-%((‘0)
Total sulfur £.20 ‘ 1.0

FErET R -Leathen ARG EHE N
2.5 10%mbE/ g pkRT

Bacteriam grown in Fe™-Leathen medium:
Copcentrazions of cells inoculated, 2.5 10 cells/
gram pyrite

LAAREAS TR, Bk

BR—ESE R FEMRE (FER I
B AT RR, IGHE TSP
Be—P, SN ERMIRBORE] 2.5 x 10°
Fa /ml &, FeS 3R RN =4
A AT R R R B R bR E R e T
RIS R F 2,

(=) PR BmSF

LR B B g, Rt
FWNEBEAERE M EAMIER. &
W# Lt sd ik EEEyE, KE05
R, WERNENRELEE (B 5). WHf

250
=
<
L]
o B
L 20r
=
« @
P
E i
E 1.5
=y
5
© [ 4
ah,
T . . :
4] 4 i 12
e Time(d)
B sRAREEE
Fig. 2 Comprehensive desulfurization experi-

tment

B T -Leathen BERE D EXE, BREX
109%; 2k pli2.2; RSN 160 B /4y; BEHAM
% (NHD,S0, % 0.15g/L; WERE XN 10%,
Bacterium grown in pyrite-Leathen medium:
Amount inocntated. 309 Inirial pH, *.7:8ha-
king revolution, 166 r:rrin; Coal pulpdensity,

024, Nutrient mgred:en:,(NH,) 50, {.15g/L.

F4 TRgEEANERHEGENES

Table 4 Effect ot bacterial species from different energy condiizons op

the amount of removal pf sulfu.

H PR EHEDHE EHTE FEENE R RTHREFT FEFE, FEESRT
Physiological Sterite Continuous Fe¥t-growing R P
species control species FeS,~»Fe’*-growing speties
B 2(9) |
[noC\?lfalif)n o 20 ‘ 5 20 5
r B 2.40 1.38 l‘ 1.35 1.30 1.24
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Table 5 Comparison of amount of removal ot sulfur between the
free and attached bacteria

B , HE R
Species Bacterium grown in pyrite-Leathen medium
% 8 tom! @AW | 10ml EHER 10ra] 31 B i Lemt B PR
Inoculum 10ml mixed 10ml supernatant | 10mi filtered Filtered solid
bacierizl basterial Vacierial {romi0mi bacte-
solucion solution* solution®* rial solution
Job Ay
Total 1.30 1.60 1.65 1.30
sulfur

* AR AE N 30mio f5.B - fEBHE Taking supernatant bacterial solution afterthe cultural so-
lution was plated at a standstill for 30min.
** FEM MBStz ae Filtering with gualitative filter paper.

®6 ESATHEXANES

Table 6 Effect of ferric ioos on the amount of removal of sulfur

FERIE R & 0. 5mol/L $hFRNY BOE R k- PHI-S\E”'JEﬁﬁfE_E
REAR Leather donst | BORMTH- Leacher %2 | B/E¥ XMz
Srecile Bacterium Leothen M FiE Centrifuged pHL.S
grown in Centrifuged Fe?t-Leathen Fe, (80,
control Fe**-Lcathen Fe+-Leathcn cultured chemical
medivm cultured solution teagent {S3gf/L)
solution
(6.5 mol/L
HCL)
mAE{ml)
Amount 0 20 5 20 5 20 5 20
added
BF(%)
Total 2.37 1.50 2.30 2.31 1.40 2.42 2.40 2.40
sulfur
A B

_ ikd

Al 8§ Fe Al 8§ Fe

B3 EEF (ARSI (BB
Fig. 3 Energy dispersive X-ray analysis of pyrite{A) and untreated coal(B)
BB S AL R AR I A7 SR TR R R BB R I
Pyrite charactecistic peaks of treated coal sample could not be
detected in emergy dispersive X-ray analysis
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(B) FAEHEEHENZEEWE
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&, B RERR AT EBEHE
HE L ERRSRNR . B6WER
R AL BB Ll 12 RED A

8 F, i LR R KRG I0 T M ARV E R A7,
RARENRSHEHRFEY 24554 E
1.12%,
(E) RH GRBPEBRT B E
R
B STRA, B AR R
BARAE—PHERY . SlElREig
e &9, ERENEEOEEE
ShET R B ST AU, TBRE R
REEO RS B R R A B X M 1 1L
(& 3)
W oW
AiRB g R R, RATRRE R
BEBRRREETE R AR %Y
fo ARBFERRRFOLAHEE .
BARERIERRD AT RN & 5k
S BB R ERGAL, RRHER D&
RSB B L KT LR & 5 9
MRERT RS AE Y E LY
55 » DA T L o » S R AR AR R (T L
BRNELR, REESH~ERERE
R R B EE & LR T RBRE LR
ENEFREES, XS A TR

FEAMNERSEAREEX (MARY
HES%E N ARENBEZENRANLRYE.
B HI X A R A L B e e LB R A T
A, BIE AR S E AN, K
RBEEREN, S TRERERESRIY
BMEmRARR, HERLBREESE
flo MEBAGHE—, MBI FHEET
PR B A R TR
FORERE A0 LR B A TR R AL
3%, ERERGRE PREIFNEEED
BRI ARG, SREERNE
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MICROBIAL REMOVAL OF PYRITIC SULFUR FROM COAL

Xu Yi

Zhong Huifang

Cai Wenliu

(fustizute of Micrgliclogy, Academia Sinica, Befjing)

A preliminary experiment in micrchal
remosval of pyritic sulfur from coal sample of
Song Zao mine in our country has recen.ly
buon finished. The experimental results fully
prove that Thicbacillus ferrooxidans plays an
The ef-
fects of pH, concentrations of cells inoculat-

important rele in desulfurization.

ed, coal pulp density, shake revolution, nu-
trients and culiural time on microbial desul-
furization were studied, and optimum desul-
furization conditions were determined. Under
the optimum conditions, Throbacillus ferro-
oxidans-4 removed about 70% pyritic subfur
from coal and reduced tctal sulfur of coal
irom 2.33% to 1.12%.

In addition, some measures to enhance
the rate of sulfur removal and the mecharism
of desulfurization were also explored. It was

found that the pyritic sulfur-removing ability
of the bacterium adapted to pyrite is greater
than that of the non-adapted bacterium, and
the bacterium attached to pyrite particles has
higher activity of sulfur removal than the
free one. Some treatments of coal samples
can improve the results of sulfur removal,
The direct bacterial leaching mechanism ta-
kes a major role in the process of sulfur re-
moval. Moreover, the reason why there was
some residual pyrite in coal after desulfuriza-

tion was put forward.

Key words

Thiobacillus ferrooxidans, Desulfuriza-
tion
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