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1 E. DEFEEA R CGMCCL1 MR ZEAAFH CGMCCI2 R Bk, R WASRE T A B S
BUWIR. SREH: Hk CGMCC11 1 CGMCCI2 FIEE KR 00 28 130 °C, #i& pH E5514 7.2
A1 8.3, K 40 F1 60 mg/L AR H 4> BIALFEH & HHE CGMCC11 il CGMCC12, $AER 3514 87%H1 85%, 1F
RAKINHN 18% F 20%; THETAFPRESAL H CGMCCLIKP Fl CGMCCI2KP, Mk FI A KA Ik i e 23
S EEGT ) R TR B AR KR s A IS ) 4% T 48 1 24 h,  HLEAT IR BARESRE L PRI A K4 T IA 5
HYIMBET . B 15d, 55X NI R BARAREL, SRR CGMCC11KP Fl CGMCCI2KP # H: 1) Si0, #43 Jilf
T 30.47%H129.57%, HAXFNR L8 sURIN R 23 4R T 5 M 3 d; RGP RHRR M Si0, (143 5l L Xt
IS PR AR TR MR R T STO, IR T 20.0% M1 37.5%,  HIAFIE 2 AR I 18] Lt 22 B RS B HA 28 A R i
[H3EET T 6 do SEM Rl XRD 455K IBAFAHE M8 0 s b s S, AR 15 dJE, B8]
J BFUEHIAT B CGMCC11 FIROIR ZEHUAT 1 CGMCC12 [ w7 N e 1:1 4824 10: 1,
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Sodium nitrite induced mutagenesis of bacteria and
bioleaching silicon from bauxite
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2. School of Civil and Environmental Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The original strains, Bacillus mucilaginosus CGMCCI11 and Bacillus circulans CGMCC12, were treated by
sodium nitrite to induce mutagenesis and investigate bioleaching of bauxite. The results show that the optimum
temperature and pH value are 28 C and 7.2 for B-M CGMCCI1, and 30 ‘C and 8.3 for B-C CGMCCI12. The lethal rates
of B-M CGMCC11 and B-C CGMCCI12 are 87% and 85%, and the positive mutant rates are 18% and 20% after being
treated by 40 and 60 mg/L sodium nitrite culturing, respectively. The two mutants, B-M CGMCC11KP and B-C
CGMCCI2KP, screened from positive mutant strains reach stationary stages by 48 and 24 h ahead of the corresponding
original strains, and have higher bacterial concentrations and higher ability of producing organic acids and
macromolecule extracellular polymers than the original strains. After leaching for 15 d, the SiO, concentrations in
supernatants of the mutant stains of B-M CGMCCI1KP and B-C CGMCCI12KP are improved by 30.47% and 29.57%,
and the leaching time of 5 and 3 d shorter, respectively, than those of the two corresponding original strains. After
bioleaching with the mixture of B-M CGMCCI11KP and B-C CGMCCI12KP, the SiO, concentration of the supernatant is
20.0% and 37.5% higher than those of the corresponding mutants, and the mixture can shorten the leaching time by 6 d in

comparison with the original strains. The SEM and XRD analyses of bauxite surfaces before and after leaching show that
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the mixture of B-M CGMCC11KP and B-C CGMCC12KP has the greatest corrosion and decomposition ability on bauxite.
After bioleaching for 15 d, the proportion of cell density in the supernatants of B-M CGMCCI11 and B-C CGMCCI12 is

changed from 1:1 to approximately 10: 1.
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SRS WK R A ST AR =1 PN BZ SIS
PO, TR AU RS A LR ik
ik A H 28 2 2 I EA 2 KILOK, 48T
JiAek F TR T e i RERE (R B Btk 2 vk
MACAEY) T e DR AT ke . iR 50
BTG PSSR AU 2 48 20 AL 70—90
AR, BRI AT W SRS
ENRETF RIS ER,  JFIAS T KER BRI,
HHEA 21 HHZERLK, 3R WAHSGHRIE, H 24 WG L
b AR S50 R R R S R AT A )
WA AR IR, Bk, AR HATME
VAR 1 ST A AR 58 T AR ) A B A B0 0
FERRERN M), MR BOL ikt BT S0 1Y,
KEMFERM, WEYEZad AR B,
S IR G FEAE JEAE 7 XA E IR 0010, Tl
VIR 7 MANRGWINRE ) BB i HON R IR R
W B e Ak, IS AR RR L
Wb oy BAS 2 T AW HIESE 2B R iR 5™
WA RN A AR T R A g R
ORI 1) AR ZFUFT B Bacillus circulans(B-C)Y5
VRS R 2 AT Bacillus mucilaginosus(B-M). 24
TERE, BRI R R A A 2 el A AR
AR 5 F I AN SR G W) S TR 4 s A WD LA
o LA ANwARE 5 23 il K - AL A N 1
WL I fipe ek 1 R B B A R &k 1) TR 2V FH R 08 2 2
(U225 Hr, B R LA S E R BT
AbT RS 5 SIS SR B, 29 AR N F R iR
DA R ARG, AW R K
M RN PERE BRIFP IR HE LR, AN A BRBE 0 18 BT 45 18T
FI=1g . P ARG Re DAl BRI REA R
Z PAEARKE TR Ja i Rt R R I Re ) 2= B35 PR AIK.
XLk B A YR I R A B

AR E MR — R SO S A A s =
HTBAAE T 2N EREG 45T hn 140
B, N AMT SR BRI AR B MEOR I K AT
R FEE N TN g SRS R S S ET Y
AR 2028, BT, B Groudeval® > AR ZF 7
B -5 R B0 PR AT PR 15 AR TR MOR 0 0 A T I AT
FEAL, A E N AME DA O H T80 AT AR R <R 1R

ARG AL B R T R . B AT 5 AR 5
ISR DNA s r A RIS SRR, A
BRI T4 52 e o Herp IR S LR & —Fh
W AR AR 2= 2570, e AT I S ] A A
Wt DNA RIS, A IRnEEng 20 i 2d B 4a 40 5 A2
BCR BRI o BRI /E DNA il R G
5oC mox, HEBAEYSNET R DNA
AT—GC [,

AR SCAR A PRI B e L 3 Ak 2 ) B R O
BB (CGMCO) W IR 5t 27 fu AT 18 B-M CGMCCl11
A FIRZEAIATE B-C CGMCC12 18 M i K bk, K
EAHRZEA(NIT) A H R AT IB AL R, il x i
AR BRI 5 520 St AR A PERG 7%, ik th WAk
1E 575 B B-M CGMCCI11KP Al B-C CGMCCI12KP, Jf
DA HH R BRRRAE DR o B, SR B RT3 i BT 0
TATHEATRE S SRR I T 5T

1.1 REH

TR T 2 s W A A R D) ST o (5 b BT i 41
W REALEE Ny 98%; ™ HIAR -0 R Wi AT R i M4
] CFEAR)IE 50 0 IR, D PTAR M — /KA A
T, MO ) EEONEERR YY), it XRD 43#T,
HTE WA TR HB) N K 64.6%, =il
1 16.50%, R4 9.1%, F19¢ 1.63%, A4 5.40%,
Ji AT 2.50% 0 EEAL A TR H0O N : ALO,
65.00%, SiO, 12.58%, Fe,05 4.53%, TiO, 1.09%, K,0
1.09%, CaO 1.55%, MgO 0.13%, Na,0 1.17%.

1.2 HAEKSERE

TG I B R PR R R R Ok SR 2 A B B-M
CGMCC11 Al HARZFFFF B B-C CGMCC12, W31
]S S A A R R (R B Oy (CGMICC) e PR RE B
PR R URFAEFE AR, (ERERR A Eh 40 b T AR B R 2
IR AARAIE28 C, K59R 3 d)y AR AR AR, Pl
[, JEIGEIERRER R, WigRmeH, &AM
PE, PR R R K 2, B2 K. 2 B-C
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CGMCCI12 7R =L zEstt B- M CGMCC11
fIk HZ, #iE% B-M CGMCC11 k. 7554l
FNZE R MR, fEWI46 pH H A 7.0,
HERE N 28~30 C, FRIRFLH K 150~200 r/min (1) 554+
T, #3E7d A, PRREA ESEET S0, BT R
FERTIA ) 40 mg/L /Ay, R R AR B A8 w15
fRESHERR RN IR ), FEREREIIL T ke

VR B P ] A 5 R A B R3S O R R Al o
Tii%?%%[lo, 13]0

1.3 HEIFT

TR TR R LR R SR 40 TR UM RS TR Ak (T PR IR A+
(NH,),S0,) 47 K 85 77 5 B KW, % 1 WA
5000 r/min 251 F B0 5 20 min, 25 BIEWR, R
A, RJE TG e B, w4 2
7£ 10’~10° >/mL.

AR (NIT)IEAL : I & 10 mL, 435100
A 250 mL HERDE T, AT 90 mL 5 AN BTk
FE(0. 5. 10, 20 40 60 F1 80 mg/L)NIT Ffit: iR £ 4l
BRI, £E 30 °C 200 r/min £/ FALFE 40 min,
IGO0 RS, HFHITCRKBES 3 X, B NIT, %
1EEAR . ARJEIEE AL R 1 mL MR A T otk iy
FERBR AR L, 45 30 C R 48 h i T ETA LT
B, UHEEDEE, E B AR TR 5 AR A
N RVE RTINS . RAR I IE SRR AR AR
A AR AR I R IS TR P R ™ I AR 2R
G EILEIRE . BRI AU B8 ) 3647 90 mL
TeE R Eh A0 TR UM IR AR +2 g il TR 1 250 mL #E
AP AT RIRIGE, RIS 1.2 k. /ERE
FRIIRE, BERE 1 d WE R ERET I pH (E S R
PRI AR AR I R A T R AN SRR Atk
PR R RS R AR R, 5 DA B RIRE S R B R0 e .

V570 BRIPR IRt AR A8 PRI 5 = 40 128 HH RO AFDR 2
e AU T (R TRT AR 75 v W A R VR B IR Bk T S B
g2 TAG IFTEE 7 ARNE B IR I pH B S & BB
TR B AR R, 25 885 AR A RS PE I AR e
Pk,

1.4 SBIFARRHIRE

7E 250 mL HEADBE A 2E N 90 mL [FRERR £5 40 1 &
PERE TR, 2 N0 AR K U TR (Al B D R R
11X 10°A/mL), W 3 FikiE ) 45 g/L, #£30 C.
W¥IUh pHAE N 7.24 200 r/min 44 FIELE9: 15 d, &
SR E E3EW T S0, IR AL o Bt 7 AN EE™
EFR, FFMERRM 3 APATIRE:: 1) FE TR R

AT R B AR B-M CGMCCL1; 2) R FRdEh R
B B-M CGMCC11KP; 3) $578Erh B AL Hi i
H R E bR B-C CGMCC12;4) 859 R %R ik bk B-C
CGMCCI2KP; 5) HiFedkrh s AR ni A R
¥k B-M CGMCC11+ B-C CGMCC12(1:1); 6) R5g#%Er
e B AR R A& W B BM CGMCCI1IKP+B-C
CGMCCI12KP(1:1); 7) XA CKORNZH).

1.5 MK atAE

AP E R RS AT P R AR
VI(EZARMISN R A A5 =l 5 R A0 251
MFRL(<45 pm)FERR R PR A — M B ER,
DL i — S A TX 2em™ ), DARERR ER™
YIESAEAE, XM kg, H7E HF /EH
NETLAE MR TS REERRAR . K T NLIR SN
HNREIIZIRVER T UUEIR S AR B S AA T
BT, X RO TR, T DA A R
BT B Y

R DL SiO, TR AT e i, R
PR G EIR(T21E 66, RiEai o
w AR IE ;s pH i PHS-3C # pH (i 1
ACEs ) AP E s AT R R T, X
a5y NDI-S(EHER) A2, s G IR i o
B 075 90 A 4 T B A XS—212 2B Sk A (R (L
PR HTEEAES) T PR e s H SEM(Z
4 VEGA //LSU, TESCAN 7w 4:7%) 5 XRD(D/Max—
2500 ! X SPEATHMY, HA Rigaku 25 )WLE 4 R
TR R O S KA A Ak .

1.6 HERY R HEPMENBETEEB D
4P DNA $EHS 2Kk UNIQ-10 A1 =i 7
o K B 5191(5 AGAGTTTGATCCTGGCTCAG 3')
AR5 140 (5" GGTTACCTTGTTACGACTT 3') §”
4 16S rRNA JEIR v o Sl IH sOBn IR Bl i rhL ik
ML PCR &5, i UNIQ-10 xR &k &l
W H B T o B e T BRI TR 30 C il fioks
7%, LB EHEF M A 5-Bromo-4-chloro-3-indolyl
B-D-galactopyranoside, ffiiz it 100 4~ H &%,
W AR 51 W TR5'-CAGAGTTTGATCCTGGCT-3") Fil
1540r(1522)(5-AGGAGGTGATCCAGCCGCA-3"), ¥
57 T2 ORL I A0 R ARE, EATTRIVE PCR 3. 16S
rRNA PCR P 1#7=4)% Hindl F1 Mspl(Fermentas)30
CHEVIRLR, 3.0% HUEBERER ik B 5, 155450
TS PE 16S rDNA PR HIVERE ) F By 4h
B, 5IRE A B 16S tDNA - BRIPERFD) A Bt
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AT e Bh b SR A SR 5 S R e AT el
R TR TREBORA PR ] 58 e

2 FHR51R

2.1 HAREBKRERE (LT

pH 1 A1 BE XF BM CGMCCl1 Fl B-C
CGMCCI12 A KI5 WA 1 F 20 3 1 12 AT I,
WIRE R R ARAE pH 0 5.0~9.1 FIHR K 25~35 C
IVE I PR RE AR fefd pH {HVEHE hy 7.2~8.3, ol
R VLRl 28~30°C s B-M CGMCC11 A= K ffifefE pH
54 7.2, HIEIRE N 28 C; B-C CGMCCI12 LK (1
ek pH A4 8.3, Hidia ¥k 30 Co IR
et pH B RRIEIR B R ZE AR, (AR T s
LKL R, B-M CGMCCI1 (RN SR B E L B-C
CGMCCI12 Wk, Ry EFEEMEM, Pl 4
B EM IR R pH=7.2, A 28 C.

£ 1 pH %t B-M CGMCCI1 #l B-C CGMCCI12 K[t
A

Table 1 Effect of pH value on B-M CGMCCI11 and B-C
CGMCCI12 growth

Original pH value Number of Number of
B-M CGMCCI11  B-C CGMCCI2
4.1 1.2Xx10° 1.1x10°
5.0 5.1X107 3.8%X107
67 9.5%10 7.8%107
7.2 2.5%10° 1.3x10°
8.3 2.1Xx108 1.4x10
o1 4.9x10" 47107

% 2 WX B-M CGMCCl1 fl B-C CGMCCI12 “EKf)
A

Table 2 Effect of temperature on B-M CGMCCI11 and B-C
CGMCCI12 growth

Temperature/C Number of B-M Number of B-C
CGMCCl1 CGMCC12
15 1.1x10° 1.0x10°
25 8.5x10’ 5.7x107
28 3.5x10° 3.4x10°
30 2.5x10° 4.3x10°8
35 2.6x10 7.9x10’
40 4.9x10° 4.7x10°

2.2 B-M CGMCCI11 BT EBER NI T4 R

B-M CGMCCI11 HIEEHREMIESAL R M 1 Py
o ML T BT UL: BROHEER 5 A AN 1) T S P
L, DAAH BRI R B AT L J5UAR PR B K 11 e k2% 5
HIERA R R . WA IR I UK FE Y 40 mg/L
I, BOEEN 87%, IERALHEN 18%, At
o AN IE SR RIR P A% AR ) sl 212k AR AR e I
I (VB RE T B A TR RS, FR&Id 7 IR FR
Je 3RA B AL AR 5 A B-M CGMCC11KP.

B-M CGMCCI11 48§y A A2 5 i A it 2 an
2 Pime A2 T AR I SR BRI 2R E
SHRER R 5 d, PERARRIBRER AT T 2d, BRI BER
d SR 10° A/mL 247 EFHE] 10° ANmL iAo

50 +— 100
© 40r 180
2 B Positive mutant -
S ratio | %
g 30 ¢ Lethal ratio 60 =
v 20 140 3
B -
8
A~ 10f 120

0 0

0 5 10 20 40 60 80
Concentration of NIT/(mg-L™")

1 AT IR 6 B-M CGMCCI (R E8E 211 5
Fig. 1 Effect of mass concentration of NIT on lethal ratio of
B-M CGMCCI11

10

*—CGMCCl11
4—CGMCCIIKP

Cell number, IgN

t/d
2 B-MCGMCCI1 A A4 K lh 2
Fig. 2 Growth curves of B-M CGMCCI11 before and after

NIT-induced mutagenesis

2.3 B-C CGMCC12 H)I fEB4 B I 45 R
B-C CGMCCI12 BILHERMIESRAZ K 3
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e MIE 3 AT W: B-CCGMCCI2 HIBUEA Y WAl
BT IR RE LG, DA B L AT Ll R R S Pk 3
AR A SRR AR A e S B A T vy R A Rk TR
ARbR. M AHER B IR B 60 mg/L B, FUE
KA 85%, IERALHEN 20%, M tEiFA R E. [,
NI G825 R Fp g H A AR 1] sl )26 A K A 3 1k 1)
BREMEAH TR, I8 7 ARG, 3k
AR RS A B-C CGMCC12KP.

B-C CGMCC12 A FyAIEAR fg 1) A=K th e &)
4 Firm. HE 4 W FRFIEREREKE BC
CGMCCI12KP A& ZIFE WIS 6 d,  LhJsUas ik
PRI T 1 d, WS JEOR I 10° AS/mL 2247 |
T2 KF 10° 4/mL.

i P PR VA P M 5 A 70 T e T 4 B 1 5 PR
SAEDRIRE e, B X1 B-M CGMCCI11 Al

50 — 100
Bl Positive mutant
ratio )

< 40F + Lethal ratio 480

S

E 30 [~ T 60 g
g g
E E
;E 20 140 E
2]

[

A~ 10+ 4120

0 5
Concentration of NIT/(mg-L™)

3 AR R X B-C CGMCCI2 [HESER I 5
Fig. 3 Effect of mass concentration of NIT on lethal ratio of
B-C CGMCC11

10 20 40 60 80

10

+—CGMCC12
+—CGMCCI12KP

Cell number, IgN

6 1 1 1 1
2 4 6 8 10

t/d
4 B-C CGMCCI2 FAHI = A K th 2k
Fig. 4 Growth curves of B-C CGMCCI1 before and after

NIT-induced mutagenesis

B-C CGMCCI12, =K H Vi [ #h (1) ot 2 v 5 4 il 4
20~40 Fl 40~60 mg/L {75271 & T A& . AR &=
R, HRBFEHEIER E(90%~100%), KA &7
{100 IV T PR 1 2 5 0 AT K R DR P 01, K B A
(1 D) BEAF AR K IHE ot i S AR KA /Al
HEATAEHE, BIEAE K 30%~60%, {FEA7 A7 40 b iE
SAERRZ, SRITHRLE H ORI B2 B8 ™ 5 (1 B R mT ek
BN

24 BTEKBEEREMEESR

R R AR AN IS AL A B J , MR T
DNA S5k iAgsE P, Al 5ARfT finT Rest T As e R
A, WKT RIE SRAR MR N AR M . O PRAIE
SRR R v, BB E A R B
IR TR, R AAR 7 UORIIE M RAR i 1k
BRRETR SR A ) R AL R R T S A v 1 7
Mok 2 (L h R S 20 S A i fe
UM AR =25 AT HLRRRT S8 ek iR 24
(I  ERRE RE . B0, BRAET SR EE thal
PR3 WA TR LA D 2R A5 0 i T F ) A A8 T LA A 3
WAy g FR e R R M T AR THOAEE, X5
W FE PR SR ) R DGR R R 22— 2SR AR
FEM S e R T Mm-S R TE R, X
A B T mtd A= Y™ ) BN LR A A F A =4
ST WIS I E ] o (R SREIR SR T 4
KALSEE I, Bacillus mucilaginosus “5“HEIR 5
e —E AR S REM RN REGY),
A EE T pH B/ %, 1 286 FE R BE R 14 o

i, CLAHTE AR R B e AN RS AL T
PRI Sy AN ISR bR, W&l 7 RAERIE TG
BT $k 3% H Ok 1) A I’ Bk B-M CGMCC11KP, B-C
CGMCCI12KP 55 HH A TRAAAT 75 W PR R e £ 2 B A A 2%
PER A TER SR, 8 N E B TR R T i pH (i SRR,
b DB EGF AR AR AR e I, WESS RILE 5.
R W] LA A B 40 B K A AR S P Re

HH P 5 w41, AR BE B-C CGMCCI2KP il B-M
CGMCCI1IKP W1 5 7 K71 e S Wi e ) Wi
B LSRR Ao, LI 380 I K 1 R TR I ) B
EREERFERE S d F%E 6 d i, B-M CGMCCI11KP
RIEERT IR ER pH S0 B8 e K 5 BARE, b
512 mPa's Fll 4.7, AR I H R AR IR S K FE B 5
A% pH {554 490 mPa's A1 5.2, HPrfaf itk
A4 MIAERT T 4 F1 2 d; B-C CGMCCI12KP 1% A
E5E 7 d AR5 K EEE(510 mPass)FIRAK pH 18 (5.0),
Il B-C CGMCCI12 R R BEBUIN 53 AIZERS 7 2 F11 d &
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FIIE e K BN L (470 mPa-s) IR A pH E(5.4). HHLL_E45
AT CAE— DA, R BRRZ WA R B 5% 5 5 ik
TIBAEAR S, TS B IS AR R IR 5 M Ak 2R
HYIMIRe I R ERA TR my, AR
Pk B-M CGMCC1IK 7 5 7= AN R -G R RE ) e ik

()
470+ \
__370f
=
(=W}
)
3 2701 +—B-C CGMCCI2
=»—B-C CGMCC11
+—B M CGMCCI11KP
170 e—B-M CGMCC12KP
70 ,
0 5 10 15
t/d
75
(b) +—BC CGMCCI12
"—B-C CGMCC11
+—B M CGMCC11KP
*— B M CGMCC12KP
6.5
jan)
Q.
551
45 ! .
0 5 10 15

#d
5 RI#AZEF B-C CGMCCI2 5 B-M CGMCC11 A5

JEFGEE S pH A AR AL R A
Fig. 5 Changes of viscosity (a) and pH values(b) of B-C
CGMCCI12 and B:M CGMCCI11 before and after NIT-induced

mutagenesis

25 BETHERERHYER

PATE B 35 R 5 R(CK), SR P — S5 A B
Bt e, 1M R WK B-C CGMCCI12 fil B-M
CGMCCI11 i H K B-C CGMCCI2KP Fl B-M
CGMCCIIKP & A, R R LK 6.

HIE 6 iTLUE 1, fri/Me i, SR
FI I Si0, (1935 H 0 sy FE 1A A ji A — 3
KRBT LAy Ny e S I P23 i 1 55 45 s 1
3 AEEL ARAEARIFR AR RS, Si0, TR
(16 188 0 5 ) B P A A S 2 5

R T O R E Bk BM CGMCCI1 Al B-C
CGMCCI12 R, B Si0, (i H e

70
"—a
60f *P
A—C '
= s0p d :
2| e
&n o —
£ 40t »_2
S 30t
2
Q o0tk
10f

0 2 4 6 8 10 12 14

6  AFENRHAAZR T Si0, KSR LRI I ] 224
Fig. 6 Change of SiO, concentrations with leaching time in
different systems: (a) CK; (b) B-M CGMCCI11; (¢c) B-M
CGMCCI12; (d) B-M CGMCCI11KP; (e) B-C CGMCCI2KP; (f)
B-M CGMCCI11+B-C CGMCCI12(1:1); (g) B-M CGMCCI1KP+
B-C CGMCCI2KP(1:1)

W FERf R I (] AR AR — 3. 7E 0~10d, R A
Z EIEH SiO, BB sl FERFELTREE i, A 0 mg/L
N4 41.25 A1 35.60 mg/L; £ 10~15d, SiO, )
R IR T 28 N 4R 42.66 A1 37.2 mg/L; k56 RN,
15d J&, WA B s R A AT IR, Sio,
(PR AN TR N, AR A R

LERERI T AR HFE B-C CGMCC12KP 3 A &R
o, RIS Si0, I H TR BE R PR RS g,
SRR S A 3 AN B 0~9 dy 9~12.d FlI
12~15d. MRHFBF 12d B, REWBT Si0, 1R H
JFRIRIE Ry 48 mg/L Zidy,  HBHR H I ) (R e KA
B, kFNE AN

ERR T AAZ WP B-M CGMCCLIKP 32 H A
2, RN 3 AR B 0~8 dy 8~10 d Al
10~15d. & 10d J&, B Sio, )5k ikl
B I (] R T34 0 AR BE T 3k, T BLA R
HEIEE 10 d MOk M, R Sio, 1)
SRS N 55 mg/L oAy

M T kAR T ) BM CGMCC11+B-C
CGMCCI2(Bs A LD)FNREGR BARR T, XTIV
3 ANERHIBSFARHT R TR AR 2, ik
PR 5 DI, BB SO, W BTERR LA 51
mg/L 7oA o 1K 45 FER WITRAS VP IR i ek s R
Lb A — BERP R LT

R T AR B B BM CGMCCI1KP+B-C
CGMCCI2KP(HE L N 1:DIFEA B MMEA R, XY
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) 3 MR B A 0~8 dy 8~9 d AT 10~15 d. 1R
P tH B S10, 15T R HH I ] PR AR A e 2
ALLACKHER B 9 d I, RHARCEIXTIRE
2R, MR R S10, F e R 2 2 66 mg/L Aidq
ML EAE &5 R DUE . R B BM
CGMCCI11 [P Biae S R LR i T H R W B-C
CGMCCI12 MR 3R, a6 el RS- Mo ks
YIttiae 145 RO 5), vl AR R )& 5 ma 4 B
WHEMmE N EL —; FEREK BM
CGMCCI11KP Fl B-C CGMCCI12KP X £ 4 (1) i fek
2 5 LUORT I PR H R RTRR 2 15y, BT S10, I T
WRE P AR T 30.47%H1 29.57%, HikFig & 5
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] SEM 5 XRD & K ILIE 7 F1 8.

Fig. 7 SEM images of bauxite surfaces after leaching for 7 d in different systems: (a) CK; (b) B-M CGMCCI11; (c¢) B-C CGMCCI12;
(d) B-M CGMCC11KP; (¢) B-C CGMCC12KP; (f) B-M CGMCC11KP+B-C CGMCCI12KP (1:1)
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Fig. 8 XRD patterns of bauxite surfaces after leaching for 7 d
in different systems: (a) CK; (b) BM CGMCCIl1; (¢) B-M
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