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Table 1 Chemical compositions of high-sulfur bauxite (mass

fraction, %)
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Table 2 Phase distributions of sulfur presented in high-sulfur

bauxite (mass fraction, %)

Sulfide sulfur In other Total
In pyrite In melnikovite minerals sulfur
77.38 20.24 2.34 100

A1203 SIOZ ST F6203 CaO MgO Kzo NaQO C LOI

61.19 10.07 1.31 2.07 0.10 0.47 0.55 0.09 0.4 2351

LOLI: Loss of ignition.

XPER AT S AT R AR AT, S5 RSk 2
Ao BRACEEIL FE S HAR, AR 97.62%. )
A AT HE— D18, EEELLEERT . BT,
IR RRA PR AAAE . HA Bk Ay L 77.38%, i
BT LG 20.24%.

BT A FERRE 2 R4 /N T 0.075 mm FRIRORL 7 5
T 95%LA b, I A A o B LA A A
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25um

1 SR i SR S — KRS A AR S
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Fig. 1 SEM images showing relationship between pyrite and
diaspore in high-sulfur bauxite: (a) Pyrite wrapped in diaspore;

(b) Diaspore wrapped in pyrite
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Table 3 Min components of 9K basal medium (g/L)

(NH4)2$O4 KCl1 KzHPO4 MgSO47H20 Ca(NO3)2

3.00 0.1 0.5 0.5 0.01

AR AL AN IR R4 100 mL, 5575 5L A5 U

x4 WEUIS R IR TR AT

Table 4 Microorganisms and growth conditions

K3 TH. BEFRAAFRIBEIRIR I WR 4 Fry), F)Eh)
HONEAEAR, BB FAEAR 2 ke BIMLIY 6 Rk
Y143 5ILL 10000 r/min 250455 20 min, JH 9K K3k
B EIR R R 4X 108 mL™, JHTHEREHT
jafa
122 BT BRI

MRS AR R, PSS LR, My
TS A AR E A B MCren BRELBRE MCs
BB AN BE MCresso 340, 4410 3 AL BE) 6 Bl
WARLLIRA, TR S 6 MREEMERE MC. JLRr R4
RN 150 mL, #I4h pH=1.8, W IKIKE 15%, K
B3 170 r/min, MG RMAEMIRE SR 5.0X 10°
mL ', (EMRRIRNEGETR. AT, B
45 °C, Lk Acidthiobacillus ferrooxidans )5 LK

U EE I 5 o

Strain Culture medium

Domesticated medium

Growth conditions

pH  Temperature Rotate speed

9 K basal medium+

9 K basal medium+

Acidthiobacill idl 2.0 30 C
cidthiobacillus ferrooxidans Fe,SO47H,0 (44.7 g/L) Bauxite powder
9 K basal medium+ 9 K basal medium+ .
Acidithiobacillus thiooxidans o . 2.0 30 C
S"(10 g/L) Buxite powder
9 K basal medium+ 9 K basal medium+ .
Acidithiobacillus caldus o . 2.5 45 °C
S"(10 g/L) Bauxite powder
Leptospirill il 9 K basal medium+ 9 K basal medium+ 16 40 °C
eptospirillum ferriphilum . o5, 7H,0 (442 g/L) Bauxite powder ' 170 t/min
9 K basal medium+ 9 K basal medium+
Sulfobacillus Fe,SO47H,0(45 g/L)+ Bauxite powder+ 15 45 °C
thermosulfidooxidans Yeast Extract 0.02% Yeast Extract 0.02% '
(volume fraction) (volume fraction)
9 K basal medium+ 9 K basal medium+
Fe,SO47H,0 Bauxite powder+ .
Ferroplasma thermophilum 2o P 1.6 45°C

(45 g/L)+Yeast Extract 0.02%
(volume fraction)

Yeast extract 0.02%
(volume fraction)

R5 NTALG RN KT

Table 5 Composition of designed microbial consortia and its growth conditions

Group

Composition of consortia

Growth conditions

Iron-oxidizing microbial consortia, MCr,

Ferroplasma thermophilum

Leptospirillum ferriphilum,

Temperature 45 C;

Sulfur-oxidizing microbial consortia, MCg

Acidithiobacillus caldus,
Acidithiobacillus thiooxidans

Initial pH=1.8;
pulp density

Acidthiobacillus ferrooxidans,
Sulfobacillus thermosulfidooxidans

Sulfur- and iron-oxidizing microbial consortia, MCreys

15%(w/v);
Rotate speed 170 r/min

Mixed culture, MC

Above six strains
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Fig. 2 Desulfurization rate changing of high-sulfur bauxite

during bio-desulfurization
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Fig. 3  Variations of different factors during

(@)
Solution pH; (b) Solution potential; (c) Biomass of

bio-desulfurization of high-sulfur bauxite:

free microbes in solution

Acidthiobacillus ferrooxidans IRV KA A4 R
N, S5 R RN AR S Bk K T . K. Harneit, A.
Goksel. D. Kock KN Acidthiobacillus ferrooxidans i
B RS T ERA RT  EEAR R, 30 min 5t w] LA B
KRB, 76 90 min 22 A7 il ] I 380 WK B 1911 B~
AU, GU PV B Acidthiobacillus ferrooxidans {EWL
FAH IS0 S8 B2 B SR SR T A AR S I AT BRI 2R
AR A7 B . BLIGHTROX Acidthiobacillus
ferrooxidans SEANIHN i G W B S AT T
W0, RS R, SR ESR A ) 2 o
ARG, BRI AT AL, BRI SR
A AR, A WA R4 S Yk i,

YNNG E RN U BT . MCre.s BB
T MCpe 1 MCs, @ M 289 mV _ETF5] 450 mV AT T
2 d BIITE], 25 HA 4ERFAE 450~550 mV Z[A], pH
YEFFAE 1.8 Jitio (ERRIETCHESAT, XAzt
SEAA AL ZE T B, AE 450~600 mV(vs SCE)Hi,
FEDXTEI N, AR SRR (Fe S M imie
(FeS,) S5 h Il =) VB s (E0 M) T, BELRS T 3k
e — P AW AR, BRI B4 . Acidthiobacillus
ferrooxidans F Sulfobacillus thermosulfidooxidans 15 7]
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4 BRI 9 d N HAER R IR0 SEM

Fig. 4 SEM images of attached microbes adsorbing on surface of high-sulfur bauxite at 9th day: (a) MCg..s; (b) MCg; (c) MCs; (d)
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HH 2 b B A AR ) AR 1 PR AR A A0 2H RSP R
SLIBAR e 77 B R BN IUF 4 MCresss MCren MCso
2.1.2 ANFEERARRPE RS B R MC R A 28R

5 MCreisv MCre fl MCs AL, HHEA AR
REPEIR 6 Tl s 41 i) TR MC R B HY B 58 JIE % e
(L 3)e MC B REAE BRI FE e T s e i, 1 d
Ja EHAT M 289 mV _EFFE] 425 mV, 3 d LA
TR 450 mV 22y, BEE RN 34.35%. AR 12
d i, JBERE EFHE] 70.99%. {E 450~600 mV JEH
W, B LA, MC BRI A TR S
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3 AT, EMAR SRR R pH (EFRESE 1.810.1, %
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g R AL, EEAR AR .

B, W MC TAEEA R AR TP,
IR EAL T Acidithiobacillus caldus. Acidithiobacillus
thiooxidans TV AR Leptospirillum ferriphilum .

XN E R AR R A Acidithiobacillus  thiooxidans A01
I ZFREWHRE, VA IBCRE S 10.7%. Dike
FER TR, A0 AR A AL R (Acidithiobacillus
caldus)FIBR AR I PRI 3, i R4 P (A
Leptospirilum ferriphilum) 18k 8 A 3L Fk & F i,
RV B RN R IA B B, fem T
BT ALY, SONG 4512%) Acidithiobacillus
caldus R Leptospirilum ferriphilum 752N T 55 40
MY EIFR R, ERE MC H /) Acidithiobacillus caldus
BANREA SR BT, IR B AT R g )
IIVERT, WL AR A v i, 2B i ki,
AL AL AE VIR B AR R R R FEVE P, LK,
B MC RN AFRES RFER, AFE
Acidithiobacillus caldus FAISFET =GP, wTLL
1Rt F IR W Ferroplasma thermophilum IR &8 I
WU Sulfobacillus thermosulfidooxidans /W*EK . 24FH
WL B i i, IR Ferroplasma spp. MR
Sulfobacillus thermosulfidooxidans X 1] UAAT 2 AR
ARRIAPIIREE, S BB E e, TR
MC b & 2 BRI A T LA B AR, X FREE R ) i
PR, R LA RRARA B D8 A s v BE TR A LA 0T
TAEP G, B RR S PER s, A A SOR
TAEATAH AR R B R
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Energy/keV
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Fig. 5 Normalized sulfur K-edge XANES spectra of high

2.44 2.46

sulfur bauxite surface during desulfurization processing with

moderately thermophilic consortia MC

B 6 B MC B iR 8 " L m B AL SEM 1%
Fig. 6 SEM images of high sulfur bauxite surface during
desulfurization processing with moderately thermophilic

consortia MC: (a) Ist day; (b) 9th day; (c) 15th day
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MC F IR SAA B W Acidthiobacillus thiooxidans
N Acidithiobacillus caldus (1)) N, B I6 R MAE
WA, 215 d I, JCERBLIEAE N 2. MR E
BFE, AT SEM MEILERIMEI, 4 R8s, thi
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TS 2 R bR 2R A, BRYEIREE T ol i
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Fig. 7 Fe 2p XPS results of high-sulfur bauxite residue
surface
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Bio-desulfurization of high-sulfur bauxite by
designed moderately thermophilic consortia

LI Shou-peng"?, WANG Rui"? GUO Yu-ting"% GUO Yu-jie" %,
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(1. School of Mineral Processing and Bioengineering, Central South University, Changsha 410083, China;
2. Key Laboratory of Biological Metallurgy, Ministry of Education, Central South University, Changsha 410083, China)

Abstract: Four microbial consortia were constructed using six moderately thermophilic and their ability to
bio-desulfurization of high-sulfur bauxite were studied in flask scale. The most efficient consortia’s behavior during the
process of high sulfur bauxite desulfurization was measured. The surface microcosmic appearance and speciation of
bauxite were characterized by means of SEM, XPS and XANES. The results show that consortia containing sulfur- and
iron-oxidizing moderately thermophilic acidophiles provide more rapid bio-oxidation rate than consortia containing
iron-oxidizing or sulfur-oxidizing microorganisms only. After Bio-desulfurization 15 d, the sulfur content of bauxite
decreases to 0.29%, then the bauxite can be used as raw material in Bayer process of alumina production. The mineral
surface is partially covered by intermediate products of the elemental sulfur and jarosite, causing no passivation. The end
product of pyrite oxidation is sulfate.
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