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Biological desulfurization of coal by silicate bacteria

XIE Zuo-huang, ZHAQO Hai-xia, HUANG Hai-yan and LIAN Bin
(State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences,
Guiyang 550002, China)

Abstract: The bio-desulfurization of coal technology is one of the important research topics both at present and in future. In this
study, the silicate bacteria growing in media that contained high-sulfur coal were used to remove sulfur in coal. The results show that
the silicate bacteria could be used to desulfurize high-sulfur coal. Total sulfur content was reduced from 5.45% to 3.45% after the
treatment. The total sulfur removal rate reached 36.70% , in which the effective removal rate reached 9.91% . Compared with the
static cultivation manner for silicate bacteria, the shake cultivation manner shows much better desulfurizing effect on coal. The silicate
bacteria cultured in nitrogen-containing culture media show better desulfurization effect than those cultured in nitrogen-free media.
Preliminary data obtained indicate that the silicate bacteria not only cause oxidation of sulfide iron-sulfur in coal, but also result in ab-
sorption and metabolism of the organic sulfur and inorganic sulfur in coal. It is suggested that there exist two mechanisms for coal
desulfurization by the silicate bacteria: (D silicate bacteria and their metabolites result in sulfur oxidation in coal; @ the sulfur in coal
experiences absorption and metabolic conversion by the silicate bacteria. There are two kinds of mechanisms which have the effect on
all forms of sulfur in the coal sample. The study also implies that silicate bacteria have the latent application potential in the study of
coal desulfurization.
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TR ETFREE R A, B E EEHRD RS RERHA
FERE N Y (BB E S, 2001) . HMLFR—FET . %E
£ ERUIE R BB B AR B B R AR i T PR T A BT
HHEMRZ—,

PRE AR, IR L B XA A Bk b A
Bo TEUIA BT REERT AR Y s BER , T 1R W R
BT T, RS Y v R s LB BA %
4 IR AR A S, HATE W SMRE M EEZ %R
A YE FA Y R R , R I TCAE R F R AL AR R AT
B (R34, 1990) LI BRB (Ma Cuiging ef al., 2006) % RK
BB (Karina Boltes er al., 2007) . i B 4T 5 (Kohtaro Kir-
imura et al., 2001) FHIEE T3 H (B B %, 2006) JBR4L
BB (SR B IR %, 2001) BB A (LS BE SR, 2006) %8, i
b BB ERALEE A B I TR ERBHE AR KRR
85,2005), FEBRER 40 B 7E MK ¢ L B HE R o B9 R o R L 4R
BB YRR GETE, 1998; 22 fE,2003) . 5 4 4
T (FHEEPIEE, 2006 ) DL B 5 7K Ab B Lian Bin et af., 2004,
2008) & HHEA KEHRN. AXIRE T REBRI A H AFH R
R 5 T BT B ST 5 R, LA 3 J ek R 6 4 W Ay N R Y R
HFEIF R EYBRREA .

1 MEEE

1.1 BEE5RE#S

ERERARMTSEESBEY 2RI KR 5.45%,
HATHHERR 3.70% , AHIHSEN 1.75% , B BHH M.
KRS 4813 0. 075 ram H10.150 mm 4MFEGE , 154 B
2 0.075~0.150 mm BEEEFH.

BAERT 95% B H&, MEBEEIE 0.075 mm ¥4
FEDR, 1SR /T 0.075 mm BIEEER R,

BUo3 17 20 A Wk (4l R F 85% ), #1#%5d 0.075 mm
SHEERE ABRLE AT 0.075 mm RIBHL TS .

1.2 H#

FFAREBRELANEE GY03 F Rk, B MM B 57 5 1%
PARTIRIE (3 E, 1998; Lian Bin et al., 2004; Chen Ye and
Lian Bin, 2005) ,{BTEXE 5= £ 7 A T30 o et #rts A
BB RRBREAERETNT . BRI mERERy.
BEBE 5.0 g,Na,HPO, * 12 H,0 5.0 g,MgS0, -7 H,0 0.5 g, Fe-
Cl;0.002 g, %83 1.0 g, TiHE 18 g, Z8487K 1000 mL, Wikdy
FRAEFLTT  BEHE 5.0 g, Nay HPO, - 12 H,0 5.0 g, MgS0, 7 H,O
0.5 g, FeCl; 0.002 g, %#y 1.0 g, 28187K 1000 mL.

1.3 A&

EEXTHER IR SE R M T, R CAF 3 byl s F 3 B
FrRFLBL 7 R HG 57 HAR -

BC77 1 R AR LS BRI F2 5 15 10% M REA
WA (I 1.2),30C F#K (150 r/min) 535 5 d J5REH.

MR IR R PR IRDIC R | S5,

ficdy 2: 5EH 1 48 b, B R B A A M MgSOs -7 H,0
Hi FeCly, [F]_E 8%, 30C FHEIK (150 r/min) 5% 5 d AR
eI SR SRR M R ic R 2 S EER Y

Bo7 3: S5 2 MR L, i 2% B EHE, 19 L, 30C
TR (150 r/min) 3R S d J5 R TEEEFRE PRI AHE
FHICH 3 SHHED
1.4 HESiE

WAL FL I SR A e MR 4T R, 281K e K, 80T At
F, 7.

1.5 BEIMMSERITERE

(1) WA IR GB/T214-2003 (E H 2T EH
B, R RIE,

(2) HIEHWE B GB/T215-2003 (FEFZFIEE
BRI E 3 R W R S B SRS &, HHERA
LB BRI B KA

(3) AbHE S W4 P Y B R R YU E - ¥ R HJ/T342-2007
KR BRI MIE , BRI BB ) S E

(4) HERBGREE TR ARMITHE:C=(A-B)/
AX100% ,:F C A (LB A HLED) BERE, A ik
HATERE ST (ENEE AILE) S &, B VB R 20
(AR AL &

GIHHEARBBRERATRITE . F=(D-E)/AX
100% , 307 F A EA RBRREE , D 2K AL G
HRESFHEE, E AMAELBREHEEMERE, A 4HE
MREHSR AR,

2 ZERY5THE

2.1 HBBARESREFEPHEK

5% HURERR £ 40 B K5 25 2240 L (Lian Bin et af., 2004;
Chen Ye and Lian Bin, 2005) , %8 #1354 20 B Ab BXT 52 (1
¥ro Wk—RBATBOT TG EFAENER; R
R T HE TR A A T 52 1, SRR AL EERUR

HREHETES RN ERERARKRET, EEE
FHE E AR EPAERMAE B RS THRFNEE, H—B
R E, WA KR EE, R FE TR BEEH
HIFR ST CE ST A T B E/EN, XAERERE T’
REMAERRAZNRE., ERNFREIE 1 SERY2 5
BRI K 3 SHFDE DR BRI B, WL
Ho# K R,
2.2 EHESOBEREFREEREEHNERYR

PERERL IR IL T

ek 1B B3R 100 mL B 6 g AR A, 30C
BIR(150 r/min) 20 # 7 d BT WEBEKIER, MK
BEIEFE R A AT 3 M, BR 31K,
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FE2:WM2ERHFEW 30 mL 55 6 g HRER 70 mL 3
K BERIBE A, 30CHE R (150 r/min) 078 7 d JEEUREAM4T o
WERIEE, N KRR LEK 3 M, EE 3

Ko
1S8R 2 SRR, 03] 5% B
W, RN 1 FE 2 iR,

R 1 FWHAREFRYHERRR %
Table 1 The effects of desulfurization by using two kinds of bacterial cultures
IR FEFEFE TR KIEHE TR MEEH
2HE iR A XN iAo 2HE BEBRER N BBRE  ABERE
1 585y 3.98 26.97 3.95 27.52 3.91 28.26 3.88 28.81 1.84
2 SHEHRY) 3.98 26.97 3.89 28.62 3.85 29.36 3.61 33.76 6.79

RPN 3 KEE W E T HE.

=2 BHANERYLEREESWNER %
Table 2 Coal sample analyses after the bacterial treatment
TCHLER
BRALERIR BREREL AR
Pk 3.88 2.87 0.18 0.83 94.33
Fik2 3.61 2.78 0.15 0.68 97.44
R 5.45 3.49 0.21 1.75

FRPAER 3 KES I E T HME; FAEE A B S8
pipegzd: ol vig 8

#21EREW, B E T AR A — e R,
Rl 2 S5, BRLER 2 K 33.76% , HE B T 26.97%
HIZEIEK T I, B R U BR R IK 6.79% . AbH)E, SHE
M2 3.61% , 5 FUEAT 5.45%AH LERR IR 35,

52 8yt 1 SREFYECREE, HIERTEE
X1 SHFYEREERT SHERIEEE B S0RY
B (MgS0, 7 H,0) , B MFAFFEX b B G R 2L E A — E W
o, o REEREE AT B AT IS SRR LT B M ST R, R B 4
BT S TTRMT R, AR BBOR . o 4b 55 SR
BEAHAT (E )BT UE R, R FEEANEF MeSO, -
7 HOMTH LT, BERR IR AT X BT R M SRS o 30, A+
TICHLEL A PLBL A PR R 5 o B, AL R 2k
20.81%.

R EEBREE 40 0 R HLa R AT R B A 5%, LI ] A
7 TR E A H e R B TR M B R b . AERT 1 B8
F, 2 SRAEYMIEFEEA ST EERMNHMN Fe.S%5T
T E S TE EEURSY WIERIE, R EE

EHORBERARES T HEMNH Fe.SELENEFRERERE, R
REAREE AR | SEFRYELD, BRI
V) EB GH A BER R B A — E M, TTRES A B
TR Fe.SEILE MR

2.3 FEEEFREEFARERENREREE

BEREAL P 5 7E 6% BB (3 6 g SRAEFT 100 mL 2818
KT 0.5 g BEMER 0.5 g NayHPO, - 12 H,0, #fh &
15% ,307C 2% F 4348 BE (150 r/min) AR (LA FE,7 d J5 BURE
SHT. WERKIEE, MR KIS FRE R T AR 3 A b8,
HE 3K,

WA SRR, R R R BT
P IR (BERER NayHPO, ) A RIEHE B S H WA M LR
AT K ER, WA 1 PR, TR BRI AN B RR L 3R LU
Jo R SRR A R M SRR, ERAWE- T YWE S
1 (3£ 22,1998; Lian Bin et al., 2004),

S EREEREERAES BTN SHERRERE
W3 3 FiR , B 1L RS 3R A0 PR 3% 35 W A 07 240 B AL TR R
R AMTMTERRE 4. AR 3 TH KR 6 g S
0.5 g.NaHPO, - 12 H,0 0. 5 g Z&#7K 100 ml. 2 BUAFRR %
HOE1S% MER B MRS, A K EM 7 dBUTEE
—ERIRRCR ., mE I RIGRTH, EEERE TR
Fege, MBS B 35.78% F1 29.17% , HrP B A 3K
M B3R 4y 5 K 8.62% F1 2.75% , 8 TC AL B B 3 4 B K
23.78%F1 20.00% , R H W BB R RIKIEFR B T EWE R
A, AT WA KSR, BIMER &M T ARt 55
FEE L HRE SRR S AT RS,

FIFREBR L AW W A K BEROEBRHE R P HSTR, B

K3 SEHEFERFARRNRTHR %
Table 3 The desulfurization effect by using the silicate bacteria in the culture media that contained coal sample
RIS R F R BT R R B X HEATEH
HE i 7S 2hnE A7 R JEBRER LHE BiBRE AR
R 4.01 26.42 3.93 27.89 3.94 27.711 3.86 29.17 2.75
BIRIEH 3.97 27.16 3.90 28.44 3.83 29.72 3.50 35.78 8.62

HEAEH R 3 RER W EFME,
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Fig.1 The contrast of the bacterial liquid cultures in coaly media after static cultivation for 7 days
a— AN b— K I B c— BRI T 8 d— iR AR SR AN TR

a—asepsis water as inoculate; b—asepsis culture media as inoculate; c—autoclaving bacterial culture as inoculate; d—bacterial culture as inoculate

R4 AMEFHIRCBEEEEDH %
Table 4 Coal sample analyses after two kinds of treatment
L
BB ——————— AHE HREEE
TRALEEE TREREL BT
bR 3.86 2.81 0.15 0.90 97.83
BEESR  3.50 2.68 0.14 0.68 93.06
R 5.45 3.49 0.21 1.75

FAPRHRE N 3 WE R P s AR I Ay oA 5 8
L EE2000in vy

IR T —ENER . EFEE SRS MR T —
EMTZ ., FEEMENAEREHE, BPRN SR EY AN
Wilkse i, Bom —E M BEBE AR «
2.4 PEESASTSREFEERENEENLE
BOE & AP (38 5.0 g,NapHPO, * 12 H,0 5.0 g, Bf
BE 2.0 g, 187K 1000 mL) FI L E AL B (BE¥E 5.0 g,
Na;HPO,+12 H,O 5.0 g, 25187k 1 000 mL), #BER i H
W& F LB 70 mL, A 10 g, RIE 50514 2 SHE5%
YA 3 SHFEY 30 mL,30C K4 FIZR(150 r/min)ZbBL 7 d
SRR T, B RIGHE, R R I K LR KRR 3

AL, EE 3 K.

2 B S 3 SHRYNENET 3 SHRYRET
THREFRENIER, FEREREAEERETRMETE,
R BRI, SRR RS B (55E,1998), AL
BIRhBE SR R AT BT 42, 45 R (3R 5) R, eERREL 40
B2 RILSREIESRG , 3 7R SeAh R b v I R UE R
B BEENEFE, XE 36.70%, H b 4 A SR B &
9.91% o iX Pl BEAE IR N BT B 95 2 B 5 B2 AL RV P B L LU
i, A E A KT, RBOL B P BT R MR KRB KA.
e RS R R R S B TR (R 6)E
BB & B RF VLB & B3 H P FER, 47 5153 25.88%
60.00% o XA FRIERE G R P RLBRAR & Blf 1T T AT e,
BRI 7. MACFLEAL G B TR AR & BRI E
B, 1 RS SR ERAR A B 5 T BB R % 3 R4 R (B AR AR
HEEW. TR MERREEA — R E TS
WA RMBRIL R A . EEWEERRN SRR RN,
HEZRWBE K 8 T E M E TR T R AL, B FER
T AL, B & BUREER EL AT B X B VLB AR E R VE
REE A ET AL B R, TEAF S T 408 %
YT AL EIER

R 5 WHAREFWHOBRTER %
Table 5 The effects of desulfurization by using two kinds of bacterial cultures
ZRIB KT IR FFREE T K B fER
LA otk i, A ES 2FE iACES Eh BiBRE  ARBRE
TR 3.99 26.79 3.95 27.52 3.93 27.89 3.59 34.13 7.34
EE: 3.99 26.79 3.94 27.71 3.89 28.62 3.45 36.70 9.91

IR EIRBY 3 REEWE P,
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ko6 RMARBFYWLBREESNTER %
Table 6 Coal sample analyses after two kinds of treatment of
bacterial culture

FeAH

st AU AR EIRE
AL RBRLLAR
2E8#Y  3.59 2.77 0.15 0.67 97.50
3SRy 3.45 2.59 0.16 0.70 94.39
U 5.45 3.49 0.21 1.75

PRI 3 W R AV E1E s B e A iy Iml A S5 e fm
BRI R R

F7 RHEREEERETHRBRIEXLL mg/L
Table 7 The contrast of the content of sulphuric acid
radical in liquid after the treatment of coal sample

i B KEW HE R
KB X} X YeF A
FE 65724 815.36  841.25 1078.59  463.29
AHA 67441 795.35  869.78 1192.61  463.29
FHEAEE 3 WE R I P 91H,

2.5 SEEFHEHAFNHEY NTUTERERATR

B8 & WAL B (FEBE 5.0 g, NayHPO, - 12 H,0 5.0 g, B2
BEF 2.0 g, ZEME/K 1000 mL) , FEERAER 70 mL, 735
NS RS SR 1.0 g, 3 3 58HHP 30 ml.
30T A FRIKR(150 r/min) L3R 7 4 FIRAEHT . WEKTE
B, REBR R LR E 3 EE, 'R 3K, KbExT
£ BRE Y T RIBR AL WAk, B & T TIRER % 40 B8 XK
MARMTHERT L SEMER, SRR (R 8)KRM, it
B SR B WG SIER 7 d J5 , R X U I,
HABBPHRBRRSEESE L, WWEEE, 502N
RIEFHGWBEE, SRR SEEER LR, XU X
TE T P R R a8 BT BB XA A I S ALER 72k T 8 AE Ao
G REH, SR S LB AR SRR Y R
B AERBFY, AT RS —~ERPEEE T,
2.6 BEIBFAEERRBIESH

XiF LA b SER BRI T 1A , TA A ik R 5 4R TR X U R B B
T HEEEH BRI ENTY .. SHERTHLHALL,
FERREL A XA HLBE OB BR R AR — D EA RB. AT
BRI TR 5 3 R TE IR SR B T 2R 1 7T 8, (R R AR L

£ 8 ARESHIRALEREREPHREIRS BN mg/L
Table 8 The contrast of the content of sulphuric acid radical
in liquid after the treatment of pyrite and ferrous sulphide

E WHE  KEE HE  #HEER

TK%f HE oy pof:l EH EH
HEH  752.61 750.20  800.25 827.98 75.37
WAL W4k 790.89  927.31  1056.20 1168.88  377.99

RPBHEYN 3 WEE WS T MR AR RN AR RS
(R BB 22 MR

M XTE P HUT R IR HERFEAEN . BRTEAIL
T8 WL 5 B LB DUBRAR 8 8 o0 B9 Kodama 342 (Ko-
dama ez al., 1973) F1ABEACH A 40 (1 4S (sulphoxide/sul-
phone/sulponate/sulphate) (Isbiter et al., 1988) &2, F4h,
Ju Lu-Kwang(1992) AR5 Wk T %A YLET B A b
ShERSMERIS T W E BRI A . RIS iR
HEERZ THIE RN R T B LN aE A i
RGBSR, X BB A HERZMEFRNNERLT 1
AL FRIEARE B X R B HEAT T R U AR R ARAE A, o
FEXHBRAEN ., X5 —8aF 505 % M HA R i
B P R (A BEDEAE ,2001) R AE M R AL ST (2
Bt,2006) B H S50 2 — B . BEBRER AN WX B2k Ao
PR IVE R G5 Ritt— 2510 T RERR 5 40 B I M A TT LR
FEEAEALTE

454 RIREERRER A B AR S A RV BB AR B Y
AL B R B B & BB 0L, B WO REER L 4 o
X SR VE FAEE R LB O RE R b 40 1 B SLAC B = iy o
g A AL VE R s OB BR 3 40 B 0 AT T RIS 1R
Wk, WAYIERNFE, BERAMNROEESIERES
I8

STREREEL AN R YIS 3R B R AR IR S RIFH
ERNAES . RAAKESBRESEFRETORREME R L
BB R B, B R B O BRI B X R — & B
B RSk 36.70%, Horb 40 R BB R Tk
9.91% , AL PG IEFESHE 3.45% ; QBRI R MR L AN
S SR RERRER AN T A L, BT R R AL
R, O ABREEREOHRILHE, BRSCRBK LA
FREB IR B A SR BT . O BRE X K Bl
BRBFETE — B AL, R X o LB A S HUBE A2
Bl SR, OFH&E R FRESERE MR R
TN ST Y ML ek E AR R, s e
A R HAET RN S M XYV A ER . OFR
L A R A o T TR i A 7 A R L B - e PR A 1 R LA
W5 1R R P A A R R R A P R P BR R AT TR
HRek.

0] 5 150 T PO A T e e 2 B M IR B R X 4 A R
VEFDLER KR AT R S bR b H S AR TR 2 LU #E— 4
FFREMTAE,
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