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Fig. 1 Model of edge level of

- type semiconductor
(a) —Depletion layer; (b) —Accumulation layer;
(¢) —Inversion layer
E . —Conduction band; E,—Valence band;

E ., E, —Edge level; Er —Fermi level

= I THT X H T R 1 22 R 1 (0 n B2 AL
W) N, KA S T2 W, 5B A
AR 1(a) Prow), b 9 oK B A7 E AL
T, A RE T ERAERTE
BGEEIFERZ, R HE A AEE . BT N
WHENE RN, fedrm T, TBCE %
E (U 1(b) FiaR), s R A AR TOKRBE S 2
T, RMHFERE . M n B2 SRR T
HZn, REBFHEESDTER, HRREZE
(W 1(c) FroR), W3R 9K RE AL s, W
Wy il n A Ky p Y.

e SRR AT I TL GAR T 1 ) O R 3 AN A
HEBEWEX, Haear s ih oy m MR E R E 7%
126 245 A AEAT ) 2 TH FRY VR Bt AR A TR o A 3 e 56 i o T
DUE G AR B L I N A SR 45 v
SRR H W) 1 ety 105 Hh R B SRR, T SE 3
L7/ NE v i1 il Ty AN £ o i R T BT
T, ATLME n BTSRRI B, AR T R 255
F 0 ol SR TR B s I N i 50 1) A ) 3 T v N
W, YRR E R, AR T34 R
B, SEILE )4 .

1.2 BFEREE

KR B B A, S AR TR, A L B
e, U0 B REA AN n] ZBE B RS . Bk
NI B R4k, DT 52 Wi B8 B A8 A7 & ) H
s FANGE T PR AL, BT RS B 2 B3

8], A M WAL A28 . 8 H Franck- Con-
don [ B A i AR AL X B T RE R B sE R, LA iR
R TR IE S EAL B W BE RATE F] — A7 &,
BegR AT o3 IR DL E AR B AE S B % E
S, T B DK E reaox) T ARHERAL
fr( @) Z KRN

vl
QR Z C 0

Eredox == € (P@"' In w ( 1)
nk Cred

X e AHLTFHE, R ABEEE, T W45
[, F EREER, n NENBERNIEREERZ
BT R E, o AWRIE, Ul . W 4 alh E s
AR RSPtk E R % . BT RRAKE
Franck-Condon 7734, HALBED Ny

EUX = Ere(i“x + A‘ ( 2)
R REYA
Ered = Eredox - A ( 3)

AH AN EAHE(reorientation energy or reorgani-
zational energy), H.
K.— K, 62
A= K, K, " gmg,r (4)
X r BETHERE, @ BEFSTHHEAER, K4
IR AL, K TS R B EALRE
—MHL 0.5~ 0.8eV .

oM B T Has Bl D B T RE R B h o) AT
T v i oy A

_ _ L 2
W(E) = ifj%j;;exp[ (Ei- E)*)/4ANT]

(5)
X k4 Boltzmann %2, T MNANTIEE, W
(E) NRESBN LA .

2 FBR- BFRFAERESHMTE

2.1 RESELBEE

TEM Ay, AWFE AR ERE R 55
Ay A F Tl R SR EXOE 55 AL H T IR RE O
R FEHARSE A R RS S5 F R A S T R I
TOKBER AT AR . XM RES AN CRCSA
VF2 5T, — MU R R 9 K B = e T 9 i
AbHL T RE LMK 4. 6 eV, ANFEBFFE 45 R Z A
K, 7E(4.6X0.2)eV JEHIHN, FIHKHEBEWER
RER I M, I EAS P e FrREE N
(4.610.2)eV ,
2.2 BABRTEHMLFRERNITE

FEW BT 2 oK RE S AT LA ER B 1 HLAE A



e 242 ¢ P E AT 4 8

2000 4 4 H

ke, AL A, S RN IE B A K
JE, BRI B T TR BE L E reao; W1 FE AT
T8 20 fe i A At nT LA X (2) A1 3) Sk ARk fE
B EHAIEJERER E ea .

WXt T AR R X /X, HArESEALIE R
fi ®©K— 0.057V, 4 X" KN 6.25% 10" * mol/
L, HAPATHA, @25 0. 13V, T3 KAEE E wn=
— e, DRULFRATRT AT 21 43 25 S A0 8 JR LT
PKAEBE N Ereax= — 0.13eV; B AN 0.5V, NI
CHE TR BER E o= Erant M= 0.37€V;
WJRAEH E ea= E rdn— M= = 0.63eV
2.3 ESHERMITE

1) FKBEL e

e AR B oK BEL RN S LE HL B 1) g 22

Ev— Ewi=— eV (6)

SRR WS, LR A A
HZ BRI TN A, T AR KRR A 0,
AT 30 5 4] 21 5 A PR AR 1 FELASE 3R A2 1 B AR 1) B K
G o WNAETE 2548 R P INAR S AT AR R X S AR
HIAI A 0.22V, AIS{EIX—4FF, 8 Ak
PKRER M- 0.22eV .

XPTANSFHBI P, ] LLnsscks &l k-5 i vl
AT, s R i =

n B R4k
a=- (2- E/kT)k/e (7)
p B4 S
a= [2- (Eg,— Ex)/kT]k/e (8)

AH a AT PR ZERSH, k4 Boltzmann %,
T RNYAXHLE, ¢ —HFHIE.

2) A ars VS 417 (R4 2

BT 9%KEERE Er MIZSTS R E,, #AT LIS
F E S E, ACE N T o ESHA T
W Ec~ Er=0.1eV, i Ev= E~ E,.

3) AT S IE

TEREM R TR, B LG R — N EEMN S
TR AL RE S WAL & PAT 8, Bl H 2
€ S IAZ E o, s iils E,BE2Z 5] LA
2, AWK 2., il % EHE LA

Eow= E°— eVy— X= ES— eVy (9)
E° D EMERRP AR R TRERE, LA 4.75
eV Vi NEW I Helmholtz A7 Z; X by [l 44
HLF IR SR T

HLF IR A A X o B — FRCR R A T AT
fh5, WEYR R A X nf HEA B TR HE AR
S 348 B JLAR P 3B AR 1O B AR A H 6

Energy of electron at infinite distance

N\
(EqtE,)/2
777 ;7 E,
/]

B2 Sl E i sEm

Fig. 2 Calculation model of limited level of

Hydrogen tﬂ:trode energy

conduction band

P X B E 25 b KR RE R, BUARAE 2 SR
ToKaeE, W TRAHN

X= X- E,J/2 (10)
JIT A 4 PZZP ( Point of zero zeta potential) F'%,
Helmholtz HLH 4 0, I HIEbRJE ) A i S AL &
N

ES= 475—X+'%Eg (11)

POV SFER PR, BVERSEBEM
JUT %132 . Bulter 1 Ginley 28 AV K1 Mulliken
HLA P B LA P BB R R R S AR At X
Mulliken HL A7V J5U 5 B 1 74634 Tp ATHL 725 AN
At Ea BEARFIME:

[p+ EA
X==""p (12)
FFRENEY ALB, KNS
—1
X = (XiXF§)men (13)

Karl " JUJSRH B BH 25 7 1 2 s 4L @ (9 SR P
BERE R AT A LB, BIHEATEX

n®+ mG
= a+m LI
JCEBITh RS O Pauling WA X, oF 5
®= 1.7904X,+ 1. 11 (15)

1 Pauling HL 57 P AR 2% 25 45 55t AR KT 25 11 )
PR BB, IR 0 o 2R T R B AT RE A 1 2%
RERIITHE . (EA3—FE 00 R AR SEBr I 52 45 S Rk
ANTE] = M [R] — Rl ) e S e 2 A F I . 2R 190
T AR RE T U A e LT R I R .
[fil- Y AL 1A Y Helmholtz WA 22 Vg HITHEL AR



55 10 45 2 JY)

MRabte, &5 LAk a i s sy RO (1) © 243 ¢

F1 HWHILERINREUE

Table 1 Work function value of some elements

Element Work function/ eV Element Work function/ eV
K 2.58 Ca 2.90
Cl 6.78 Na 2.78
Cd 4. 14 Br 6.42
Sr 2.81 Cu 4.51
I 5. 88 Ti 3.87
Pb 4.33 N 6.56
Al 4.00 Zn 3.97
(0] 7.28 Si 4.56
Fe 4.16 P 5.04
Sn 4.63 Ni 4.33
S 5.74 Ga 4.36
F 8.25 As 5.02
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Fig. 3 Structure of electric double layer model
with specific adsorption

® —Surface potential; ¥; —Outer Helmholtz potential;

¢ —Inner Helmholtz potential
P ST W B0 H R AR f) LA N LAy 8 G R N
®- ®= 0psi/ & (13)
G- Qu=- Oyfs2— 51)/ & (19)
O, Oy 73 AAW YIR A OHP by Higy % i,
&, & MK FARLE THP Al OHP ) 4a% A HLH
H, AR BIEC 6 A1 32, THP b (¥ Hifiy 2 5

Je® + ¢
e (20

N T B R, x° Dk AR T LE YRR R () R
I, Z ORI R, b R TR B Y 4 AR
(0.01~ 0.02eV) . FHTEEAMEH A, Fik

0 = ZeN 1x exp(-

5y =

d

o &

G+ G+ O4= 0 (21)
OHP Hif7 @ LA B AL ¢ AR, SEbr bl &
Stern B (W3R T AL, BRIUERTBAE ¢ HESRH @ (I
X(17)), BEmEX(19) vTEASKH o K o Filog (1)

AU 21) Sk
e _ g . Ze®+ ¢
Oy = &— ZeN 1x exp(- Lot
S2— 81 kT

(22)



e 244 ¢ P E AT 4 8 2000 4 4 H

EEJJ:Q( 18) {%ﬂ*?ﬁﬁ@]%ﬁ %’fﬁ E[/\] 'fE, Helmholtz EE X % [ D]. Changsha: Central South University of Tech-
J BAE AT H 2 T FLAL RN B HLA SR H nology, 1998.

[5] Carta M, Ciccu R, Delfa G, et al. Improvement in elec

tric separation and flotation by modification of energy lev-

3 457 . N
els in surface layers [ A]. 10th International Mineral Pro-
cessing Congress (IMPC) [ C], London, 1973, 1, (3rd
WAL 2T R AL i e P ) — N AR R, paper) : 1~ 22.
'EE?F?I—‘%%%UZI‘EH E@{E%%?ﬁﬂ: %%ﬁ%g&gé [6] Hoberg H and Schneider F U. Investigations on the im-
HUEEERE . Bl W T 12!&%%@@‘@2&/;;75\%%“ EHE], provement of flotability of minerals by means of radiation
RIS EE S . VWP S i T /KA AE F A 30 [A]. 11th International Mineral Processing Congress
oM, A8 AL BE AL IR RE 2% X A Franck— Condon [C], Cagliari, German, 1975: 467~ 490.
4B %%Hjﬂ%ﬁr%%% I:E,fjﬂ;nﬁr%i%ﬁij] EE’fjﬂ%H‘ﬁ [7] Carta M and Ciccu R. The influence of the surface energy
TR ) 0 B 2 0 A T 3 . S W 1 S B 2 1 structure of minerals on electric separation and flotation

[A]. O9th International Mineral Processing Congress
(IMPC) [C], Prague, 1970, 1: 47~ 57.
[8] Zevgolis E N and Cooke S R B. Electrochemical proper-

IR0 R 5 A o PR AR 125 o

JE s M e B A a) DU ) AR T L PRk gy

FRURRY FLA 27 P i A B 9 ) 1 Jo =5 T 38 B AR A K, ties of the semiconductor mineral chalcopyrite [ A]. 11th

h FAAL 27 T e O 9 R S B R A B TV International Mineral Processing Congress [ C], Cagliari,
German, 1975, 449~ 465.

REFERENCES [9] Butler M A and Ginley D S. Prediction of flathand poten-

[1] FENG Qrming({&HB]), CHEN Jin(F& 7). Electro- tials at semiconductorelectrolyte interface from atomic

chemistry of Sulphide Mineral Flotation( WAL M) i ik electronegativities [ J]. J Electrochem Soc, 1978, 125

Hifk %%) [M]. Changsha: Central South University of (2): 228~ 231.

T echnology Press, 1992, 69~ 77. [10] Karl W and Frese Jr. Simple method for estimating en-
[2] WANG Diamrzuo( EJE£L). New Developments of Flota- ergy levels of solids [J]. J Vac Sci Technol, 1979, 16

tion Theory( V7 B2 (181 i) [ M]. Beijing: Science (4): 1042~ 1044.

Technology Press, 1992, 9: 79~ 138. [11] Morrison S R. Electrochemistry of Semiconductor and
[3] WANG Diarzuo( £¥E#), GU Guohua( Bl %) and Metal Oxide Film (-5 & 5 45 J& %4k I 1) At 4k 2)

LIU Ruryi( XV . J7 800 A K- S B AR & R AL [M]. Translated by WU Hur huang( R #42) , Beijing:

PV IE [J]. The Journal of Chinese Nonferrous M etal Science T echnology Press, 1988.

(TEAOCEREAR), 1998, 8(2): 322~ 326. [12] Wilford N H. The emersed doublelayer [ J]. J Elec
[4] GU Guohua( BUIELE) . GRALH BEH &R b 1A AL IE R troanal Chem, 1983, 150: 133~ 140.

Energy band model of electrochemical flotation and its application( [ )

—Theory and model of energy band of semiconductor solution interface

CHEN Jiarhua', FENG Qrming®, LU Yt ping’
1. College of Resource and Environment, Guangxi University, Nanning 530004, P. R. China;
2. Dept. of Mineral Engineering, Central South Univ. of Technology, Changsha 410083, P. R. China

Abstract: The energy band model of electronic level distribution at solid-solution interface has been described according to semicon-
ductor properties of sulfide minerals and electrochemical characteristics of sulfide flotation. The simple methods are put forward to cal-
culate Fermi level and edge level of sulfide mineral by means of potential of mineral electrode and zeta potential of mineral surface.
Band gap width of sulfide mineral, work function, adsorption of reagents, solution property and ion strength of solution can affect

edge level of sulfide mineral.

Key words: semiconductor minerals; energy band theory; flotation
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