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Abstract

In this paper, interactions between FeS04-7H;0, sulfur or chalcopyrite adapted Acidithiobacillus
ferrooxidans and chalcopyrite were studied. Contact angle and zeta potential experiments were
used to analyze the surface properties of bacteria and minerals. Interaction energies between
bacteria and minerals were calculated by thermodynamics and extended-DLVO theories; attach-
ment behaviors of bacteria to minerals were monitored within two hours. The differences of inte-
ractions between bacteria and minerals were used to reveal the nature of bacterial attachment,
and provide more favorable conditions for bioleaching.
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ASCHESE T FeS04-7H20. B R IB P & M K Acidithiobacillus ferrooxidans%y 3|5 & %5 2 8] K4
HERH. BUBEMAMZetalb AR A E AF VIRRE MR, #H# %75 Mextended-DLVO
HRITEMWMPWAE ST Mz BKHEE/ERAGE, W2/t NAEED WRERRMAT A 3T
WET Mz RAMHBEERNERRBAAHET WREBRMPIARER, HEEEYER HAIEE NS R K
F

XK ia

Acidithiobacillus ferrooxidans, 3415 , Extend-DLVO, W, FE/EH

Copyright © 2018 by author and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

A SR T AH AR RO T2 T3 S A 28 A 9T R T A e ol S MO VR R B AR
YR |AGAE, MRER W, BidEE. BKMEEER, FHEE - EaREaWsE T
FEWIH1] [2] [3] [4]o TAEMIRIFZE. T EIRA WA E . 0 2R BIR F5E S5 o) AR I 2 o L 2
fI[5] [6]o M. Afzal Ghauri 5[5 A BUAN[RWE R A0 B 2 18], L2 [R]— AN FfAS [] R R 2 [ WS B 21 ] 4 A L 3 T
A RIE AR . Cindy-Jade Africa Z5[7]82 AR T Bk AR, 40w & B RO I 2GR 3R H
AFEEY ALK At. ferrooxidans 1] EPS $5 £ B 1 ZE M & 45 & =Bk B 7 E A BH B T 19 . X
R 2 IR BE IS AR AR AR R I B 4170 A EPS I [2] [8]. BRI, 2R 10 A AR PRAEAR KRR L5 240
FvEmT, MR AT N BET, CAafEH TSEBRR LRI T R E TR, . A
BB I BAS S R AOU A 5T o S P AE LA R A 5T AR e 1 A ELAE FH

TESRAHBAE LK T, extended-DLVO BEIG XL FHALHIITEAEAE. . BAKH AR AT T8
U ()i IR . Mohsen Farahat 5[9]FI 4 & DLVO B KVl Ferroplasma acidiphilum 1£ SRR 2 11 1T
&AL, fRAEY R DLVO Bk, ERFFMIITA pH &1, HE ST W LA BAEH e £ 2 Hif b
ReDuik, FUGRERBAH AR REAVO AR AERE . ERBHAH EL A FH LU rEURE B AN AR AR AR B F R2 e K,
B R PRAH BAE H 2 FIAE ) . 97 f DLVO B W] LA REANE pH 25 F T Ferroplasma acidiphilum - 380"
IR AT

IR SCE A AS [F] BEVRIE N B Acidithiobacillus ferrooxidans AR WML Zeta HALEEFEFR K
S BRI R, ] extended-DLVO B4 # 5 3 AH 2 8] (I AH B4 AT AL,
Xof AN [7 Fie 53 ) 24 7 O B 2800 470 26 T %) PR A b 23k AT 271, 45 SR K W] extended-DLVO FEIRXT4HTH 5 5
AR 2 18] R A ELAE AT DA 1) TN 4 B S5 0 TR R B O AR A ST R s R, 45 S AU 0 A R
5501 2 A AH B AR 100 R 15 40 B8 S50 40 (00 R TELATE P A 2 2% A1 A0 24 81 S 2 St PR B 3™ P ik, DA T
Ja SRR H
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2. KM S
2.1, EHREHEKES

Acidithiobacillus ferrooxidans ATCC23270 (ASCTEIHR A NAWT FAEH A0 TR - 4T 5351 LA-EK A AR
BRIV EL. SR BARET A ME—RRIEIGS, T 30°C. 170 r/min MRER PR FR.

2.2. FREYHIE

P B R E AR 10 mm. EE 2 mm A4ARIE R, B 7ERDEAT LA 6. 3 F10.5 wm R IR
GRS G, P65 8 IR Al 70%K 5K CEEVEs, BOaBT IR AR N A B F . # R
FIH 005 BRI B 1 EL AR /N T 75 um BOR R, DL TR B 5256

2.3. Zeta BRI

WS AR K A AN T, B R AR -5 um, KA Nano-2s MPT-2 4NKHKifE J Zeta HIAL 4
FrASCI SE R AN R T 1) Zeta FEAT . KRB EIF T pH 2.0 Ik 9 K B 7R%Ed, JFEHIAME R E AN 2 x 108
cells/ml; ¥ &3% T pH 2.0 IJCEk 9K 595, W Bk 0.1 g/100mle P& Tuik, TokEdE i~
ENSCH BRI Zeta HLAT R o

2.4. FEMAHNE

e SRR B A A R ST AR T, AR JTC-1 ZR R A7 DU (S B VR AR R Ak A o BRI R
THIRE S L, SR A B R O P B A Ay o A AR R DRI T i A R R T
TR RS LA RERATINE . WA BT AR 0.22 wm KNG T o 300 £, AR &
W E I A L, RIS T E S A AT RARE . MR, R E A SR 1
e Bod

2.5. H{AFHER

WIS EAR R, AR ET/5 1) B e AT 5 A R R N
AGugy =V =V = Vi (1)

Vs Ymir Yo ST BRI S AN, WSV A R AN S T T B RE . 1% R R A RE R PR
(77 FHEAT, RIATER AG.u <0, AHE MR BN PR, W AGum >0, 7% XA STHFIX PR AT

AN T 5 S BN 2R T RE S B = R AR AR S A A Ry, Ay BOME, (EH
Lifshitz-van der Waals’ acid-base (LW-AB)EE i1 v, FI1E o

1) WA B R T RS HU T

it extended Young’s HRETHEN WIMRITRESE (L) vt v VB IR TTRESE 1) v 7)o
AL CAZE TR W G AN — IR e AR AR, BT 3R TH REZ 4L 1. Extended Young’s J7 A2 &R UNT

7 (1+cos0) = (\/ﬂf,i,W}/lLW +\/7m/71_ +\/7’;,/7’1 ) )

7 (1+c0s0) =2 (Vi n™" + h/n?ﬁ) (3)

Xk 0 IR,y AR AR R T RE S 2
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Table 1. Parameters of surface energy of three standard liquid
%= 1. FRERRNREESH(SI8 P. K. Sharma et al. [10])

FRAER 7 7 r? v s

ZETK 72.8 21.8 51 25.5 25.5

FH It fz 58 39 19 2.3 39.6
TR 50.8 50.8 ~0 <0.1 <0.1

2) LW-AB 7R 3E& 7 72
LW-AB Wit )5 B i BE#E 70 A Lifshitz-van der Waals FIFR%(acid-base) i &l 7y, AR M-
AGadh = AGaLdV: + AG;di “4)

a6ty ==2(r = (il =) 5)
865 =2(7 7 (oo =7 ) =2 (Vi =7 (Vi =)
) )
oy Ty o AN T S AR R TR S A
2.6. Extended-DLVO &ip

BB N AT LG SOk, Bl I AR TR, AR - AR AR AR R A R - SR
MIHAEF AR . A extended-DLVO Hit, AHE 58402 1] (f1 s ELAEF RE(G) rl ik
Gtatal — GEL +GAB +GLW (7)
Xb G oNEr L aE, REAEMT MREIICEZESMEEK, G NERAE/EHEE, ¢ N
Lifshitz-van der Waals #H HAEH 8. XS &40 BAE FH REEAT VR 4N IR «
Y B AN 2 TR R e A eGP AT A SRR N -

(6)

26,¢ l+e e
GEL = nga(glz +g22)|:g12 _:_;22 ln(l_eKH j"‘ll’l(l_e 2 H)} (8)
FRBIAH FLAE FH RS G2 7T FH 2 S8 9
G" = 2maiAG Bl ] ©)
Lifshitz-van der Waals A BAF g G*" vl LN i+ ARR T
2a(H
G A 2ali +a) —1n(H+2“j : (10)
12| H(H +2a) H ) |\\1+1.77(2nH2)

Ao o RAHMAAE, —BE 1 um. & RIEBINBFE ¢ B g, SR NMBE RGP Zeta AL, 1
KRR R RE, HUE 0.328x10° (1)  m™ o T NHRIOET98I% . H 40T W2 WA B . 4 &4
TR AL o do RN TR /M BRI BE R, — AT 6.57A. 4 5247 24 Hamaker
W AXARTGH PK. Sharma et al. [10],

2.7. YRERPHSELE

Fe U IT AN R BT T R BN 1% Tok OK RE 7 JE b, AHBE RSN 1 x 10° cells/ml, 30°C.
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170 t/min 23 2 ho JIR), SERSEORE, X b ISR rh e B A R AT AT 28 W SR 0 4 R S e
TR A0k 2 U A B BB 11 IRBTSRTGA 3 AT, BOLF I (E.

3. ER5118
3.1. EETPFREERNST

76 pH N 2.0 [OTCRL OK 557756, 4UBE IE s, B s snmfr. Rk, AN A 92 7 2 L
W5 7. B E N AR Zeta BT AR K (4.56 £ 0.48 mV), Bii&E M (I Zeta HLAL(3.41 £ 0.62 mV) /)
(W72 2). BE N FIYNEE HIE N IR hE = EPS A LA & 1 =Bk es v, Frbh, A7k FeSO,-7H,0.
TR S 1) 20 T R 7 R A

ST S8 P B A AT T IR B R SRR B K A R 2 3) . SRR IE I 4T A 1 fi
B R(25.8° £ 1.8°), FeSO, 7TH,0 i N 40 B e fil A /18 (20.3° £ 1.1°) 0 S M0 N Gl i vE ek
TAAFAERS, 2R EEWR P 2R T A BE IR AR KT T AR IR, DRI, [ AR SRS A0 0 ) 240 B R T I 7K
BER—LL[8] [12] [13],

B 2% WS () B Y053 L P 40 A P R T PR wr AN ), EL 40 R T F A A T HOE R A . BPS 4[]
SEAE R AR BUKYEREE KL, T EPS M4 B AL K& B SIS R, A REY
PLBERE B TR IR BN R At. ferrooxidans, 'E 11K EPS WMo #HLL, HHE. WERBIHIER . FEEEERAN
SNBSS T LUBRONIRYIIN At. ferrooxidans 1) EPS HS I H LB ERE™ A I (1 40 B8 S K R R IR . o
ERHRETIRERERR, FTLL, UABUNIRWIN At ferrooxidans HIB/KIEHE SR . AW RMABIRM A KL At
ferrooxidans 15t BIH% 2 [ B 32 B2 il i B KA BAEH 2]

3.2. ARSH PHIREREDH

ff ] LW-AB J7iE T S4HEE XA VIR T RE, VEAUEUE W3 4. BsR R BB v, Y Sy
B P32 AR AE 1.0687~1.7182 ml/m” 2 [8], y fHAE 5.1176~57.3239 m)/m* Z [f], H.y HTEtk{l 2 AL

Table 2. Zeta potentials of bacteria and minerals

%2 TRERENNAERERT YRER Zeta B

FE Zeta HLHZ(mV)
FeSO,7TH,0 &M A.f 4424052
TGS Af 3.41+0.62
B IEL) Af 456+ 0.48
A —53.7+4.86

Table 3. Contact angles of bacteria and minerals

= 3. TRIRERIE N ME R E KA R E R A A

) B ()
FE b — : :
FRIEK Rk e AR
FeSO,-7H,0 &R Af 203+1.1 28.6+32 547+12
TRIERLIY Af 235+13 292425 542413
TN G Af 258+1.8 29.9+33 53.9+14
B 72.6+62 40.9+2.1 32.7+0.8
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Table 4. Parameters of surface energy of bacteria and minerals

4. TRIBEREN AR ART MHREESH

KIHHE (m)/m*)

ARG
y a v a '
FeSO,TH,0 i&ERI[ Af 49.7664 1.4364 57.3239 31.6184 18.1480
TRIE NI A f 50.3554 1.5803 53.8627 31.9036 18.4518
FEARIE S Af 50.8210 1.7182 51.1332 32.0744 18.7466
B 47.7451 1.0687 5.1176 43.0678 4.6773

Zor. OASCHERIEY y MEAEH & FARSR A N SRR YRR, A 4 y ETRoE 7RI
Jio MR yAE > 28.3 mI/m®, IRAIZMIFEEAKEER): Wk yE < 28.3 miim®, A MG
IKPERI[14]. ARYGE P, R EA SRR, 7 YR BA BKRHE .

T 2R T BE A 47.7541 mI/m® o SEHTH 38 B (040 5 (50.8210 mJ/m?) LT 5 141 7 (50.3554 mJ/m?)
IR, e/ FeSO, TH,0 &R (HI4H7(49.7664 mi/m?). BT M HLFBEARQ ) MERT, AR BE IR E I (1)
ANB AR TR LU I R T RS2, RGN B A3 BE NS K . Van Oss [15]8 @0, KB40 1 " (4
WAL 40 mI/m’ 24T . TEARFTC, B M EAE 31~33 mI/m® BUYEHE (R 4), BT I A s &
YL SRR R T (o ALy KAL), FTA 4R 1y IEARE 51 % 58 mi/m’ (TS E A

F LW-AB kiSRRI BEVRIE B HY Acidithiobacillus ferrooxidans SH W) 2 18]I M BE LFE 5. AN
7 Fi Y I L PR 4 B 5 B 2 ) PR A A B R R AT R AE FH BB A2 A1, ELAS ) R I L PR 4 1 5 3
Wl () AR R RE N A, DRI, A 22 D7 VR SRTINAS () fie 3 SN2 P 4 B R DA B BB R i o ek
Kl BVE R AN E 55 1A SAE I REOR T BdE B (40 5 2 18 i) S AE T BE, FeSO47TH,0 &
LRI P S5 4 22 TA) ) S A E T e /)

B YR DLVO tHE T AR REIRIE N I Acidithiobacillus ferrooxidans 5 8RR [A]KE FH 25 AR 1k 1) &
MEAERSEE, SRIE 1. WEIPETLLE W, 406 55 H0 < A8 3 ae i 3 2otk B T Vi@ 5
TEFISARE(G™"), BEHR™ I8 1) 4 T AN B N (¥ 40 B8 -5 35 AT 2 ) (¥ BR T AR 17 P 34 R (G%) 3 LU A b A L
TEFH3EE(G™Y R, 1T FeSO,TH,O 8 N AN B I AH S o BRBBAH FLAE FH R AR RE B9 1Y, I HAEIX 28 )78
A7 3 BT BLAE R U AR ST 5 nme N[ REVRE B (40 5 s d 2 | ¢, ¢ fn G
BIRGAE, BTCL GRS, ELSE R LA B S AR Z A G B R/, FeSO, TH,O &R fHI4H
A5 2 F) G MEROR, BT RE DLVO B TR B4R E LA 4 1 B 2% 2 VR B B S AT R T, B
T A AN R KL, FeSO, THLO & N HI A0 e e e o 1 A0 T 1, ™47 3 2 40 T e 25 2 W B 380 ) 3
T, BRIE N AN IR, FeSO4 TH,O 3 B 4T i foe ME WK B EI 8 12 1

JiE A 16]8id e DLVO BRAREESL G4 D) B BLAE AN /e A B e S5 1 F BR B (H)
Z A RE M LR ER LTI S T Acidithiobacillus ferrooxidans TE 3 ERA 3R H IV B EIL 42

3.3. @RS MZERMERSH

AR REWRIE B (1) Acidithiobacillus ferrooxidans 1534 2 1 B S SL AL 2. HERT AT, FEEEY)
a1 200 T U 7 TR K B N P 4 T P B B R (R WP R g o 3K T ] AR SRS A 3 S ) A R A
A W B B R 3 T i A RE R AR, FeS O, TH,O 38 . [ 4 T AN 6 WK Bt 21 [ 44 JiE 4 b, n] B4 Fi vl
B BRE 12] [17]

H T £ R B e 4 B AT ) 3 T TR B B O T AR B SR, R B ol B A 4 T B
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Figure 1. Curves of interfacial free energy between different energy sources adapted Acidithiobacillus fer-
rooxidans and chalcopyrite. Total interfacial free energy between FeSO, 7H,0, element sulfur or chalcopy-
rite adapted bacteria and chalcopyrite (a); interfacial free energy between FeSO,-7H,O adapted bacteria and
chalcopyrite (b); interfacial free energy between element sulfur adapted bacteria and chalcopyrite (c); inter-
facial free energy between chalcopyrite adapted bacteria and chalcopyrite (d)

1. NE&EIRIER WY Acidithiobacillus ferrooxidans SEIAT Z B)HH E/EFA B EEMLZ%. ) KA
FeSO,7TH,0, BRMESRMY ENNMEES REY 2 EHEEI/ER 2B EEIIEL; (b) A FeSO,7H,0
BNEAESEEY ZEEEERBREMLZ; (o ARERMENNAES RN < EHEEEREEEr
%; () AEETENNARSRET Z EHEEERAE L%
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Figure 2. Attachment of different energy sources adapted bacteria to chalcopyrite

[ 2. RRIREIRE KA BB 7E 4 E IR MR
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Table 5. Interfacial free energy between bacteria and mineral

5. HE - YA EEEIER B HEmI/m)

R4 AGY AG™ AG!
FEHT - FeSO4 TH,0 &M A.f -3.6128 -1.2186 -4.8314
B - BRIE N Af -3.7086 —2.7564 —6.4650
BT - SHTIE R AL -3.7658 -3.9699 ~7.7357

FeSO,-7H,0 & B [ 40 B LA 58 v 1R B (9 2 2 P 38007 4 o S SR K IR B B R | [ 7] [12] [18].
B N 20 R A SR AR T R N 64.44%;  BRAE N ZN R AE B AR R AT RN 61.04%;
FeSO,-7H,O & N 41 B 75 S8R R I I RN 57.78%. AR UL, S AR B 0 41 8 7 B e i
PR B 2 i R, A3 R4 B IR 2, FeSO4 TH,0 & M 4N B B/, %45 51 55 DLVO B S 1l 45
gﬁo

4. g

1) BEHTIE N A0 B R T RE oK, O MUE M0, B/ NMRJE FeSO, THL0 & M A B

2) #J1EETTEAHE B AN R BRVRE B A B S 1A B A B BRI O e, EL IS B A B
A Ty W B, RS LA R, SorEI B ) 52 FeSO, 7TH,O & R 1 A A

3) H¥E extend-DLVO Fift, AN[AIBEIEE NN ST 2 18 G N 5E, B4 B 40 B s
Sy B B TH, BRIE S AH TR IR 2, FeSO,-7TH,0 & B 40 fe e . A5 5 An 2 (Al 1S AR 3=
FEHTRR R A T VO AER BAE A E8(GH).

4) ARIER P HE 22, SR I L PR 4 TR E B R AR T W B R A O, & N R I, FeSO4 TH,0
e NAETETE = AN

5) MR, #J1ETTE K extend-DLVO B Tl B A 7] BEVRE B (04 40 B -5 s A0 2 18] AR e B 1 0
3555 Wt th 26 2 I — 2 Extend-DLVO B8R ] DL SE 4t B0 AN [F] BE YR IE B (1) Acidithiobacillus ferrooxidans
5B 2 ] ) W P47 o
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