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WEARE IR Sh A B LAk, “HERRERANEE ” 2RI E W
AR BT REPT L AT B 8L K
. MR X EEE B RA B S K/Si
% T 1) Paenibacillus polymyxa~ Bacillus circulans
Paenibacillus mucilaginosus 55 F A RV P RERR £
P (AR B, JEEAT TH RGN HH
1RSSR € R TRl e & = X 195
UL fHE 0 LA B AR TE I, B R AR
B RE R UAAAE B R B EE, R RIZA
PEREATEE « R I . AR A RORAIR A 17 L
HuR BRI R A I R 2 AR L2
o7 AL EERI SR, BRI AL, I0A B E M
AW AT ARAL Sl ), IF B EYDIR AT SRIR &
W), HE AR A B iRy AR BHEl, A
CaMAFTMFRE. L3 EYRPRFIEE B
I3RS AR B AL S A B B R AR,
Ectomycorrhizal fungi'"". Cenococcumgeophilum™
Penicillium spinulosum".  Talaromycesradicus™
Aspergillus fumigatus'"™. Aspergillus niger!'® %
Mo HTHEEMAKREG@AEKEEMAR. A
W= IR ) Sl A AR B R E R, XA
Aeje SECEAE R s A0 V) KB o R
IR DT HARAE — & 2 R ORI R, O
R ERA A AAL 23 RERILARIAIT ST 2B, A e E At
TP AAG AR 5 H =AU P2 W se 0 B A 550 7
ZRE A Tl N T A VR IR A5 2% i
I ARGV 48 i A F DLACE AL IR SRR FH 4507
KA PRI ER Y R IR A~ IR
ARG W) B R AAE TR g (B 1 B0 R RE KN 2 5
FOXTH P00y ORI F EER 3R, el 2 UL [ g
(EHER), E-WEEINEm K. Siv Fe & 1 i
i B, A PSR P 16 °E SR 5 T
FEA B RHE BN,

HAT, A0 Lo M4l e 5 H1 3 3h A WAL 53 i
B A PR A BRIE IR ER A1) B A U R E B2
N, ASCRAEREHIEA, EHPREA R
A P KD PR e T T (2 i 2 AR T 5 MR AR AT 1) %

=1 OFRATI T EALE Y

— PR ECIR (R i 8% IR AT, X LR A
EABNE WA I3 A A RO K (Si ADHY
AR ZSE, I 3 BOX M 2 7 K] ge WL 2
HLH o

| S

1.1 G

BHRFER B TR A KA. A
I3 BT (XRD) S Ak 2 1l 43 28 (R 7 W 43 e Y6 FE V)
aEW, FKAONEETGWARRNE KA
81.50%. H = £} 7.45%. 1 3% 420%. 7 kB
2.10%- TRIRES 3.15% 5%, FEALZ M WK 1.

12 #XEMRIELET
w08 8 Y 2 K 2F AT T (Paenibacillus
polymyxa) FIE AN B (Agrobacterium tumefaciens)
¢ PR B (Aspergillus niger) = PR B FRISTE 2013 4E 1
ST v [ R A P v o DR B R DR o A E
L (CGMCC), LB A0 4 5 43 5519 1.097. 1.1603.
3.0316. Z R 57 fUAT B MR BT A AT B 32K F Asby *s
LT (B AT R B TR DA T IR AL 5 R R IR
ith % K F Czapek’ s 15 77 FEHEAT VG AL 5 K eSS 5
R0 72 SR i A ) AR A 2 e A AR Y
IR AT B AR TR EEARW P I RE ) RIS, 4%
HESCER[291 /7 4 T TR A5

13 HERHEE
13,1 EREEME IR K

R FH R IR HE . 3058 S v R ot B W 1) 31
AW, #£250 mL FHETE 4 5\ 100 mL
KA Asby s i TR FE (B 12 5 g T RERLEE Jy—
75 pm FJERA TR, SRS FEAN 10 mL AL 0 £
KIPRTBEARFD T 8RB TR T i IR 4Rk
N 1.7x10" A~/mL. Paenibacillus polymyxa
Agrobacterium tumefaciens WAk 1R 146 2% A4 32

Table 1 Main chemical components of potassium feldspar (mass fraction, %)

Sio, ALO, K,0 TiO,  Fe,0,

CaO MgO

Na,O MnO P,0O, Total

63.15 18.32 10.29 0.06 1.23

2.45 0.57 3.21 0.03 0.11

99.42
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e WEE 30 °C, pHIH 7.0, #EPR¥:HE 240 r/min.
1.3.2 B Aspergillus niger 24 5

[ R HRE R R, 7£ 250 mL [4E TR
H3 AN 100 mL K35 ) Czapek s 5373 Je 5 g b
FERLE N =75 um KA T8y, SR B N B Ao
T, RN BRI P T IGRIRE A 1731074/
mL. 2ZH WG4 N R 28 °C, pHIE 7.2, #%
PRI 150 r/min.

DA IR I A PAT RIS, R LG
B B RV E N RS . IR, A36% 12 h HURE
— K, DEREF KO, Sio, f1 ALO, MK .
TS IR A B RIURE J5 40 R 5 7RV

1.4 YR LESRT

Z & SCHR[3, 719 B 5 VR 5 2518 H T B K T
BRmAE R SR, BEAR LS HERS R,
SRR BT AT 4 96 6 B8 2 % 4% R b A PR ) Si S
AP KEEATIE (AR5 22 5K 370MC, Lifg
IIHACEST ), FFELSIO, ALO; K0 5 &2 %1
AT IR R RAHBRE (RS &) K PHS-
3C, LigTERACER) )N E SR IE AN A IR s
FEMA I pH A R PR V250 T =l e 40 B
£ SRH P BB S K R B A R
T i R R T ORI S 25 (IR LS ) K
VEGIILSU, TESCAN A #); K F XRD $ A % %
B R B 6 41 1 B B 0 R AT S R S
(IS5 ) % : D/Max-2500, Rigaku H A&
YNGR

2 HBRS5HHR

2.1 IR ERRAYE RIS
2,11 EMRAERKHIE SO R TR pH AR AR
W8 % F 8 IR I SR
polymyxa 1 Agrobacterium tumefaciens B ¥k 15 15 &
25~35 'C. pH {H 4.2~9.1 i) ¥ [l A 2 vl A A G
B A KA IR 30 'C L pHAE 7.0. FRKHEH
240 r/min; 1M Aspergillus niger P& 7] A K EHE 1R
JEE RN pH BV [ ZE LG Bk PRI B AR, 43l
N 15~50 'C . pH {H 1.8~9.5, #x 4k 4+ N iR
28 C. pHH7.2. FEIR¥LIE 150 r/min.
I =R S A ETR, Wi T e

Paenibacillus

MK 2 &= REe 71, 4R WE 1. @& 1(a)
FOYFT7, T R Bk T 2 40 B 1 A ol 2R e 7 R
TE—EMIZMN. Paenibacillus polymyxa 14 K%
A K PR R R AR B, AR KRR RHHUE K
WAV 35 508 0~18 hy 18~108 h f11108~156 h,
R W 15 W T A R AR P A v T IA 2.8% 1084 /mL,

30

N
(9]

[\
(=}

Cell number/(10’mL™")
S &

()]

0 12 24 54 84 132 216
Time/h

Cell number/(10’ mL™)

1 1 1 1 1 4.0
0 24 48 72 120 168 216

Time/h

Spore number/(10’ mL™")

I I I I 1 2

0 12 24 54 8 132 216
Time/h

1 BRI 2R SR T pH AR AS AL R

Fig. 1

value in fermentation broth: (a) Paenibacillus polymyxa,

Growth curves of strain and change rule of pH

(b) Agrobacterium tumefaciens; (c) Aspergillus niger
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pHEBAK N 4.2, 1M Agrobacterium tumefaciens F: 4
5 K 1 A K AE IR (0~48 ) AR R 11 f 4504 K
(48~120 h), K TV 1) 200 T AR B ¢ e )y 1.84¢10°
ANmL, pHAE&AL 4.6,

W 1(c)Fran, Aspergillus niger F AT HE 58 1) 7=
FRAES), RIEER IR pH E Ak 2.5, A=
KAEBHIERE(0~6 h), I EATHXT A Hx £t &
HH(6~84 h).

MR 2T DUE (LK 1), BERALE
FIEEARAT IS W, RO B4 () IR
B AR R D, XK B R Fe kb g
TR A 2 LA 20 2 ) B I R SR BT A K
Bk, R EFRERE S, 7RI
FHEEST, REIRDRAEE, T LA SRR LR IR AL
MREA KL BT ARE S, (IR B IR AR
AR IR
2.1.2 RIS AU Y RE ) %

VaE i SR AtsEy SR R SN AR Ay T
AL, e A R ) 5 R
WK R, AL, 8 7 =#ilEe wm ke
Ry B EP R EERMZERE I ESR,
SRR 2.

M2 T A Y, R = A 1 ) B2
5P BEHFEREER. WE2@ R, HHE
Aspergillus niger QU P B 1 I fe b, H™ & i
B, MIRAREFREI100 h, R H _EER A HLERK
it B WK R W IR R K H 3.92 mg/L; 4R
Paenibacillus polymyxa 1 Agrobacterium tumefaciens
AU R R AR X 08 HLRE 488, R B 97
2 150 hACH = A2 1 B KA HLER & &0 0 9 1.98
mg/L F1 1.41 mg/L. 1 41 B 2(b) Fl (c) AT <, 41 B
Paenibacillus polymyxa {3 7= & [ )i F1 2 ¥E 68 /1 i
B, MIRATREFEFI200 h, 2T RIE R A R A
% W 0 o7 B VR B 43 0 38 31 d R AR 7.22 mg/L A 7.59
g/L; RN Agrobacterium tumefaciens, FHIZH™ I
TH VR B 2 DM 220 R B K B2 i N 4.12 mg/
L f13.28 g/L; H.IH Aspergillus niger {568 115 55 »
EARUE FEAH XS AR, R HEFR 21100 h, ik
T R TR 22 W ) o R B A B B KB, A
2.12 mg/LA11.20 g/L.
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Fig. 2 Mass concentration change rules of organic acids
and polysaccharides(c) in

(a), proteins(b) leaching

supernatants of bacterial strains
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R A AL A 3. M3 A BLE W,
Paenibacillus polymyxa 121 14 20K A WAL 7> fif
MR, B ISR R K Sif R APY
R, KR K0 Si0, 1 ALO, i ik
2% WAk 2.30 g/L 6.55 g/L #1520 g/L; H kN

Aspergillus niger 20 & %, %R K,0. SiO,

3.0

(a) o— Paenibacillus polymyxa
= — Agrobacterium tumefaciens
a— Aspergillus niger

o
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3 i
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(b)  °— Paenibacillus polymyxa
= — Agrobacterium tumefaciens
a— Aspergillus niger
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Fig. 3 Mass concentration change rules of K", Si*" and

AP (measured by oxide of each element) in leaching
solution of each strain: (a) K,O; (b) SiO,; (c) Al,O,

ALO, 5 KR EIRE 7358 1.72 g/L. 5.61 g/L il
3.20 g/L; [fj Agrobacterium tumefaciens B UK A
W KR Sit R D, R K, 0 AT SIO, HY
JREHRE 53 A 1.65 /L F15.58 g/L, {HRETRI AL
(R (ALO, R EIRE N 4.19 g/L)yHI & T 1.

[Fy, BB 2050, EH Aspergillus niger X1
KA Siv ALK B HIE 2 5 41 1% Paenibacillus
polymyxa. Agrobacterium tumefaciens ¥ LLAFAE 035
ZESt . TEIRE ATHI0~150 h), H B RIGMA R 5 8K
AR S TT R B R R A R AR T
M RIE R (R PEH50 h/5), RS
R KL ST BE HEER ANt EH
FORTEEGI, TR, X Y& TR i H b
TSR INEAT a1, AR IR 4. X—
IR, I R B R A, R A
XEAR, EMZRERN MERE, HEMBRELL
R AR R K, BHE
AT R o 56 I T = Rk TR AR P A AR R AL
IR, NN FEOX — 45 R E AT R R K2
1) 556 FH R AR K B R R, HAER 1 0~
150 h N, PENLRAE /)i e T4 B, (HAEEA Y
150 hJ&, HEEAKAAGHE T, mREE 2R
RS, BN S ERIRED, XA REZ
RN AR e E R . AR,
TEIRARTI, RV XA i e E TR
BB F B2 /N AR 2 Y, 2) w58 A
M, FEAAE Paenibacillus polymyxa B Fh I 504
KK, R 150 h )5, B EE R
U= B 2 WEAI R R RE T, X RIS A BRI
IR EE R R [FR, L= usbehEsSEn
JRRE Sy TR H . Pt iiE, MAh 2
BAMRmMSEEER, ol 50 Pk 456 % sl
F-0 Y5k, M HR S iR Sh T P i XAk 73 fif
R IFRL TR, T B 52 4 B S
TR S Y g 7Rt &R (K. Siv Fe 55) BT 0 A1 2%
NS R B R T /BN S S 3 e S P W)
1% #& Paenibacillus polymyxa B ¢ X 47 K A + Si.
Al K i) E 25

X 2 R & LRSS R LLE
K,O. SiO, ()i S FEAE &2 Ak R A 2 I 27
A0 PR, R =B B ALO,
V1R S AE 2 B P L 1 A 3 v 3R 30 B AN BT )
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AR . IR R T, ALO, IR E
WREEEPE I E R NMES, SRASRITR, A
JESCHBLERRN, EEEPUS M, BNZ
W& . XA AP R A5 408 A=
RS TFUEVEAT . 2057 R ETE
FrEU 45 R0, MEHE R R T, BT HE
P4 7 REM B2k, HARMM ARt 2 b
&R T/ R R B B N 1.20 g/L),
JUF- BT B M0 B0 25 B B8] 22 3R BT B, 2 (WL 18] 4(a)) »

4  Aspergillus nigerv Paenibacillus polymyxa-
Agrobacterium tumefaciens 5 ¥ ¥)/E H 150 h J& [ 5 ik
A KRFE

Fig. 4 Strain growth characteristics of Aspergillus niger
(a), Paenibacillus polymyxa(b), Agrobacterium tumefaciens

(c) after culturing in potassium feldspar medium

LR VI R LTRSS R AT . T2
TR E A K BB v I 77 A 10 M b 22 R AR
PP (B R 7.22 g/L) S BUIE BN B R R+, '
HH VRN R 5 DR R 2 3 0 (L B 4(b) F (c)) e IXTT RE S
SEH T ALVA R I B AN E A A
AR AR A

23 EHATEIERKARALFETL

K5 Bt AR AT RO 28 = MR B A
216 hlll 5 K11 SEM & . MBS aTLAE H, 4
KA kL 22 = ksl ie B AR E G R ISR K
AT R B, HAS R B Rhd s RO 2R T
WA R KM ZN . RES AR B R
FER BN T8, A5, SR RHE L
= (W B 5(a); & KE PR 41l 8§ Paenibacillus
polymyxa {EF JG 1™ PRI R VA T & oK, R ITE
PRI, RGN, TR ik
FEAFAR, FFHI T RERNH N 2HE
Aspergillus niger VUG B VD RURL 2 TH A i T
Paenibacillus polymyxa W& /), {HZRH LA AR+
UL, MIEA TR, S G5 A O B AN i
W 5 AT B bk B M OAE L, Agrobacterium
tumefaciens W KA PIE MR N, AR
WUk T L A /NN AR D, AR 25 A
AR+ B

24 BEHAHEIEFKAIETK

Bl 6 Firam K i ROk 28 = PRk e B b
216 h#f /5 XRD . HE 6(a)rl K, KA R
W RE A I B AR YN KA (B K ), ks
BATE. Bobl R MRIRE, S5 ik
W WRE VIO IR . 4 = PR I0 R
Ja KA # 1 XRD 3 R a] DUE H, OB
AT PRI RIS KA T IR ARk . TELTERR R
A& Paenibacillus polymyxa {E G, B AT ¥ H)
XRD 15 (L 6(b))H S BB KA R A 3 B REIE e ik
FERH RGN, WAL V)RRV B R,
HOR BT R AR R R R, B &
Paenibacillus polymyxa {£ F J& 18K A 0 #n AH EE
2t Agrobacterium tumefaciens 1£ Fl J ()87 KA 0 ¥
(1) XRD % (WL 5(c)H, SBR[ R Ak I
SRIEIINEE N 22, S e FAth % d AR P R R A U
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El5 S AT PR S = Mk I A T 216 hil 5 192 i SEM 1R
Fig. 5 SEM images of feldspar surfaces before and after being bio-leached for 216 h: (a) Raw ore; (b) By Paenibacillus
polymyxa; (c) By Agrobacterium tumefaciens; (d) By Aspergillus niger

(a) ® — Quartz (b) ® — Quartz
o — Muscovite o — Muscovite
4 — Hemtite = 4 — Hemtite
= — Feldspar o = — Feldspar

v — Calcium carbonate

v — Calcium carbonate

oe

10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

260/(°) 260/(°)
(© *— Quartz @ e — Quartz
o — Muscovite o — Muscovite
4 — Hemtite 4 — Hemtite
; = — Feldspar = — Feldspar
v — Calcium carbonate v — (Calcium carbonate
n

a [
o
. A °
v
vV o oA i

1 1 1 1 N 1 N Rt

10 20 30 40 50 60 70 8 90 100 10 20 30 40 50 60 70 80 90 100
26/(°) 26/(%)
6 KA RN =Rk R AA T 216 h HT S A9 XRD 1%
Fig. 6 XRD patters of feldspar particles before and after being corroded for 216 h by three test stains: (a) Raw ore; (b) By
Paenibacillus polymyxa; (¢) By Agrobacterium tumefaciens; (d) By Aspergillus niger
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(RIS T BB RE RN, IR HE— 2B R IR
I RSCR B A PTRR A 2255 1028 SRR A A A
KA H I XRD (WK 6(d)E B, B S KA
ATAT SR PR P e 3 255 998 55 170 S R ER ™ (KD RF AR 0
BRI AL, HAR S H M BRI I AT 525 ) BB
MO, YL TE N A AT R M RCR BN B .
M it VA A F R AL U8 A2 0 55 P (DL T 6) T LA
TINTY, FERR LA 0 & A 51 X R RR IR OR
BA 2o, [ e, "Ry wEkhs
MAEIE I MR S5 E REIR SR M) (W A = B

RS, BRE Ry Gt B W W (R
@iﬁf)[lB_lS]o
3 #Zig

1) =R MR A 2k = TR e 71 iR IR 25 SR 3R
B, E W Aspergillus niger B A7 58 45 (1) A4 4K ZE 1R 1
(0~6 h) IR HE K (6~84 hy, X A5 13 M. BE 71
FoR, HEABGSMTREES, KEFER TR
pH 18 & AR 7Tk 2.5; 10 BE R £k 41l B8 Paenibacillus
polymyxa-. Agrobacterium tumefaciens =R g J1AH
XTELSS, PR AE TR R R B IS pH B 43 ) 9 4.2 Al
4.6, AENE A AN AL R K (20730 09 18~108
h 1 48~144 h), T8 bk 5 A 5 90 1045 82 4 K SR D g
73, IR IR AR EE R 7 53K 2.8% 10%>/mL Al
1.84x10%/>/mL.

2) Paenibacillus polymyxa & 0 #KH K AL 7
R R B, FORA BIGWT K0, SiO,« ALO, M
ORRREIRFE > WAl i£ 2,300 6.55. 5.20 g/L; Hik
N Aspergillus niger, %f N[5 K SR EE N 1.72
5.61. 3.20 g/L; T Agrobacterium tumefaciens X} %
KA K SiRPBRRCR &AL, HED LR
A A () e R B R R A 1,65, 5.58 g/L, H
HBE I ALO, (1) 8 (4.19 /L) E1 5 T Aspergillus
niger,

3) i Aspergillus niger IR Ji 1A &% %4,
BEBUARH PP K. AL Si SRR, i fERR
i 4 B Paenibacillus polymyxa. Agrobacterium
tumefaciens WA & SAERT K, BETBUHRA - i)
K. Al Si fE 2R E, (H 7228 TR I 8] AH
XK

4) LRI R HI0~150 h), AR AT XA 2 i 2k

RELZMAEMAU /N A VLR EE T2,
BT B AR AR A, BB BRI R R
77, WO BB R A R B T A B AR A
PR LA TR - T AERA H 5 B (150~240 h), #HKAH
T RO 3 A7 I A 22 08 () 25 iV A LA B 52
BB B IR Eh A0 B IR M A 2 S B A S
THEE, Bl Y EA =S REmmcs, X
W AR A AR R R 2 — .
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Comparative study on dynamic dissolution of potassium feldspar by
typical silicate bacteria and fungi

LIANG Yan-hua, BAO Qi-yu, SUN De-si, CHEN Hao

(School of Chemistry and Environmental Engineering, Jiujiang University, Jiujiang 332005, China)

Abstract: The dynamic corrosion effects of typical silicate bacteria Paenibacillus polymyxa and Agrobacterium
tumefaciens and fungus Aspergillus niger on potassium feldspar were comparative analysed by measuring the
concentration of bacteria in fermentation medium, pH value, mass concentrations of K, Si and Al in leaching
supernatant, and SEM and XRD analysis of potash feldspar before and after being subjected to bacterial strains.
The results show that the growth period of fungus is shorter than that of silicate bacteria, and the fungus has higher
acid production capacity, but silicate bacteria have longer logarithmic growth periods, higher bacterial
concentrations in their culture media, and stronger abilities to produce extracellular polymers. Paenibacillus
polymyxa has the best corrosion effect on feldspar, the mass concentrations of K,O, SiO, and Al,O; in the leaching
solution are up to 2.30 g/L, 6.55 g/L and 5.20 g/L, followed by Aspergillus niger and Agrobacterium tumefaciens.
However, the rates of K, Al and Si in potassium feldspar released by fungus is the fastest, its leaching period is the
shortest, so the fungus has higher comprehensive leaching efficiency than the other two strains. It is concluded that
the corrosion effect of fungus on minerals is mainly influenced by the mechanism of organic acidolysis and
complexation, while the ability of silicate bacteria to decompose minerals is controlled by the complexation
mechanism of extracellular polymers.

Key words: fungus; silicate bacterium; potassium feldspar; corrosion
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