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Abstract; Chalcopyrite and galena are the main smelting minerals of copper and lead metals. flotation separation
of them has always been the focus of attention in the industry. Based on the semiconducting properties of chalcopyrite
and galena, this paper analyzes the oxidation law of mineral surfaces from the electrochemical perspective, the
influence of mineralogical factors on flotation behavior, and the mechanism of various organic depressants in the
separation process of copper and lead. Different degrees of oxidation will occur for both chalcopyrite and galena
during mineral processing,and oxidation species determine the surface properties of the mineral. Fluid inclusions and
various types of lattice defects generated during the mineralization process will affect flotation behavior. The research
and application of electrochemical regulation and organic depressants can change the inherent flotation behavior of
minerals,and achieve flotation separation of chalcopyrite and galena. The analysis suggest that the influence of pulp
potential on the flotation behavior of semiconductor minerals should be emphasized. Combining theories of flotation
electrochemistry and flotation solution chemistry is an effective method to study complex pulp systems.
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Fig. 1 Mechanism diagram of molecular oxygen and xanthic ions (X~ ) interaction with galena surface
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Fig. 2 Structure diagram of chitosan (a) and chitin (b)

WK J2 K53 F V€ 83 40 i K AR /N o 9 o ik
gy al =4, 20 fhad 80 AEAR . W A A 3 7E 4
STE PR AR S MR AL A s s 21 e
B R LIU Q 58 & B Ca™" % 0K 9 il 75
By EAAFIE I, TR R TR Ca® Sk
P b P 56 W2 B R B4 B 35 TR = Ca-OH., M 42
R R 7R B4 TET B W R SR RS X D A T 4
il 2 3 o AR P RSO s HE— EBF SR R L. Ca’ T 5w
) 2 T AT AR TR 45 B (0 W RS DA B8 A 4 3% T A I
B O AN 38 BB 43 b7 DA T B xR RS 4 )
B WAL B IE — 25 BIF 5 21 A0 3 0 R o 0 3 4
SR WK 23 v B 5 ik DAk 2 W B i O X S
Yy T8 A Y R A G W AE AT O- 5% JOE-N-& R i
AR T TR 5 7 A A A R T iy s ] 7 3 T WO R 85 2
T8 7 T AE D B A T P VR 4 B

TG BERR AN — R KRR Zh, oy F i p-D-H 8
T TR T oLl 35 0 8 R e (1 —4) B 3 B2 1T K » 76
KW R 5 SR K AR AR AE AR e P Tz T
AR 25 AT R TR R KR
BH(—OH) MR (—COOH) . 54 8 &+ 4 1R
SR ) SV AR VS TR R AT DU Sl O A
IR CHEN W 2850046 06 35 R 40 410 /i Jr
B SC BT A T 5 B TR IR A B Zeta WL 4L
ARG F XPS S5 12 T T BF 5% 15 35 1R 4 4T 7 #
(R4 T BIL B 45 SR B v 3 2 ) s % A R T A T A
A 3% 180 BELA T MACR) 5 0 4 0 1 %) D DR T 1 B TR
BT AR B 5 T ) 3R T BT R R A 0
PR G1E

JE& 5 R B 2 5 A & Bl 5 A B CORBR L H4 386 | ik i
FIE I S5 B Koy A VLR G . 07 75 35 2Z W] LA 6
FHIE , H5 A REE B L FR 3 | H A P O 45 4% o
VigeEE T, 20 229, Jo 5E IR A e (=1 AhBH B TAE &
AT Tk ARk Y7 TAESETT . WANG D W 4§
TEAR BB 43 B3 v R 90 T L 1R M B el P B4 o)
BT PR VE AL 2SR R Y A BN X B B Y
AL EEPE TS AN RS2 5 3@ 5T A H, O, L (NH,), S, O
S SR R X O A T 3R A B AR A 2R R PDS, O
PbSO, S &AW . A I T 12 i 15 55 FR B A6 ™ ) 2% 1
W RO

RNMGEE E —FEA RG> TRAEY, 15
R R I A Ak T AR L AT M
Vi, HUANG P 252 R gg &, I M
Tk fe 7 B 1 2% T O SR AR 24 6 W AR 4R
TG AE I R R A E L AR R )



84 4B T/’

510 &

TR P, B2 AT DL IR R O R N I e S
B oK BRI RT M E AT RS KRR,
Cu™" 7 #5072 180 WL B {68 2R D 04 9 e 1Y) 3 4% 12 2K
8, 28 TOF-SIMS 5% & 38 . EDTA A DL Bg 77 45
W R Cu® ", il 3R M Tk I K 52 %o 5 4 ™ 11 32
BRI AE . N M R B BRI R AW
(PAM-ATU) K& 5 P34 156 e e 1 o 6 DR 2 51 A
TR e o3 R TR A S B R R s
78 pH=8.0~9. 0 i} ,PAM-ATU 43 F o 14 7 g 3
(—NH—(C=S)—NH.) & ¥ # K i fx &
(—N=(C—SH)—NH,) . fiit B (55 &) 7 0 1 5% 1
TERBEFAAER—S BEF.—S SHHe REH
Pb>" JE i S—Pb #, PAM-ATU D4k 2% 0 i (14 7%
KEHTHETIEN. BEY 0 B &y
BT 2 T S K R

HiEE LR (NaTG) 7E40 1 43 3k b 8 i HI ok
VR B8 ) VB %) 00 ) 50 s A A A 5 B
Sy BRI B . AR PR AR
NS AL 2 TR 3 b 2 T A W B R R Ak 2R R
JE PR [ A9 P 400 o) 4 A 2 1) T 3 A el I B B 4 A
i HE TR A3 i S [ O BB — SHL, S 7K 3k Oy T
B—COOH, # 2} 3¢ [f 3—C (S) SH 1% 1 f7 ¥ i
(2. DR T—SH 1y s A PE(E (2. 6) , [ B T b 5z [
5T VR T RE T 45 R B]-SH B 5 Fl
A B 2 T S T B 2 DB 0 A e, B AT
FEERWMER 1 PR DO KA R RN, 5
B CWR 2 B AR 3R vl 7, (8 2 40 0 % T ) XL 2
I 53 il B B K R R Ol SRR R, IR AT R
SRR BE I oR RS N S 3 2 BR BN TRk A B
o M LT DR A R R s A L
24 HOMO 574y LUMO Z [a] i B 18 fig 7 2%
KRFEHEH G LUMO Z 0] () LA fg it 25 . B T fg
SISO B G R AT BT LS R SRR S 0 A
FH B L 5 % B 20 B8 07 11 LUMO, X 25 8 7 ™
AMEIE R E S bon] SEEUE B B . BRER
SEU B IR R N 4y B TR G TR AR B 1
TR AR, & BH I 48R 1Y & 58 0
B AT O R TR R AR T A Y P B RE A A
BRI RS KSR B gmE.
RHETZHIES S FREY M EARTR AT
MR A5, 21 AP 6T I R 45 R 4 SR W A B SR
W o6 58 B2 GG (R T AR A, 43 P e (— HSOS) (B
BEREWMER S By £im PYT R M A
[ N

1 RUEEAMERYT REEMAGE
Table 1 Surface action energies of polar groups

and chalcopyrite

Reagents Polar groups X¢-Xu  Action energies (AE)
Thioglycolic acid SH 0.5 0. 69
Xonth —C(O)OH 2.0 —0.43
anthat
Santhate —OC(SSH 0.6 0. 62
dixanthogen
(—OC(SHS—); 0.8 0.41

INGY AL EA O3 1 R AR BN A
R B B E H E Bir  aHAE BB A O A
0,0-=(2,3 R AW AR . 2. 3- 7 5t
PR A B R Bk 45 /D g 1 A R R AT OHL
—CSS—2F Ml P 2 15 3 28 Hh e R 4k LS s Al o
R B 5 7 s A0 T o 08 77 A 4 2 TR AT VAC ) A LA R S
T K0

B RPNE ARV N T R (R I/ N D E N e RO
Wy L R PR I AR T gk B 3
A I T D R A R ) 2 T AR A R
Q3 5k A p LR A AL D PR L 3
A1) 2 THG A A K R 5 0 W] R T R 28 R ) 5 B 4
AT 9y 2 T FR) R B R A A ) 2 /KA S B
F 8™ 90 0 b2 sl il . R R . B 3 3 8 2550 2 1
BT S @O AR N A SRR RE B BE AT IR BT 2 A
B2 TR0 K X 1 108 77 A 738 P A R T

3 4iE

DM 20 it 22 50 4R ATT IR OF LB AL 7 3 26 L
PRSI LR KR B BIE BT TE BT
PR =5 WA RF T R - (1) 35 25 564k ™ 1 T i He
P BEVR R RY 1 2 £ T S5 07 8 I Y 7 ) Ok B
JEE TR A+ A B A 2 1 U A X 2 5 (2) B AL JC Al
WA R I 2B B TS o A A 2 AR A 2 T AR ROT R
it K T 5 (3) Ak 2 45 3 0k BEIE . WAk e 37
PR H E R BRI T ) AR B S AR AL BT TR
5 1) FiL AL 2 PG T4 S H 7 7 B AR B AR AR
8 Fi Ao B B B AR Y 2 A AT RN R . X i
PR 2 v S (0 R A7 S I 00 % B AS [ 3 R A7
ZEAEXT B T AT 0 Y RE WL %8R S e )
I LA R AL T e B A A I R

2) 58 P A2 2R B BT BRI L R R A R v A
TR 73 (10 R ORI 356+ 2% Tl i 12 245 790) 1) 945 00 ok
TR AR R ) 2 U A A AL R R Y
VAR I 1 LB BH T A KR B L2 TR) Y A S SR
DAY S A RS A LN SR 7/ TN D7/ B2 K ot DTN
B pHAH WAL e AU W) I AT



%93 pi

A BT AN AR S R T R AT O T 5 S 85

L 3 R B A A X O AR B o 2 o0 AL o) 1Y
HHELAE TR B W e AT o R T L

SE 3k

(1]

(2]

(3]

(4]

(5]

[6]

(8]

[9]

[10]

JEST I A o YA XN R A AT R A A TR R R
32 A A B LR 3 R SCLT DL o Tk, 200003)
51-55.

GU Guohua, WANG Dianzuo, LIU Ruyi. Galvanic
Couples and their effects on origin potential flotation
systems of sulfide minerals[J]. China Mining Magazine,
2000(3) :51-55.

JO6AE R G A BoR B 2L 0 R 7E B S O B 0 0k
i B BT L) ] o T TR, 2005,34(5) 1 11-12,
Al Guanghua,ZHU Yichun, WEI Zongwu. Test study
on combined depressants in copper and lead separation
flotation[J]. China Mine Engineering, 2005, 34(5)
11-12.

RS A il B A I AR A R A AL o R I B L B s 4 R T
MM EAE D], BH . BB TR, 2013,

DENG Jiushuai. Release of chalcopyrite fluid inclusions
and their interaction with relaxed surfaces| D]. Kunming:
Kunming University of Science and Technology,2013.
BUCKLEY A N. An X-ray photoelectron spectroscopic
study of the oxidation of chalcopyrite[ J]. Applications
of Surface Science,1984,17(4) :401-414,
FAIRTHORNE G, FORNASIERO D, RALSTON ].
Effect of oxidation on the collectorless flotation of
chalcopyrite[ ] ]. International Journal of Mineral Processing,
1997,49(1-2) . 31-48.

FULLSTON D, FORNASIERO D, RALSTON J. Zeta
potential study of the oxidation of copper sulfide
minerals[ J ]. Colloids and Surfaces a Physicochemical
and Engineering Aspects.1999,146(1-3):113-121.
WEI Z, L1 Y. GAO H, et al. New insights into the
surface relaxation and oxidation of chalcopyrite exposed to
0, and H,O: A first-principles DFT study[J]. Applied
Surface Science,2019,492.:89-98.

CLARKE P, FORNASIERO D, RALSTON J,et al. A
study of the removal of oxidation products from sulfide
mineral surfaces[J]. Minerals Engineering, 1995, 8(11) ;
1347-1357.

GARDNER J R, WOODS R. A study of the surface
oxidation of galena using cyclic voltammetry[]J].
Journal of Electroanalytical Chemistry and Interfacial
Electrochemistry,1979,100(1-2) ;447-459.
SHAPTER J G, BROOKER M H, SKINNER W M.
Observation of the oxidation of galena using Raman
Journal of Mineral

spectroscopy[ J]. International

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

Processing,2000,60(3) :199-211.
VKA EVEMD AR B Ak H Ak 2% 9 48 0 3 1 BF
FELI] A G R, 1993(2) :17-22.

SUN Shuiyu, WANG Dianzuo, LI Baidan. Study on
electrochemically regulated flotation of sulfide ore[J].
Non-Ferrous Mining and Metallurgy,1993(2) :17-22.
CHEN J, CHEN Y, LONG X, et al. DFT study of
coadsorption of water and oxygen on galena (PbS)
surface; An insight into the oxidation mechanism of
galenal J . Applied Surface Science,2017,420,714-719.
Mz GERE ERE. T H R T 45 A AL
Bg s LIRS ]. A 8w . 1992(4) - 44-49.

LONG Xiangyun, WANG Fengzhen, WANG Dianzuo.
Electronic structure of galena surface oxidation and
flotation mechanism[J]. Nonferrous Metals, 1992(4) .
44-49,

FORNASIERO D, LI F S, RALSTON J. Oxidation of
galena: [ . Electrokinetic study[J]. Journal of Colloid
&. Interface Science,1994,164(2) :345-354.

BT A L B 2R 0. 7 BT A AR 2 THT A2 B K H
X PR B S L], o Eg A A i CH A REAE RRD . 2008,
39(1):58-62.

GU Guohua, ZHONG Sujiao. Electrochemical properties
on surface of galena in grinding system and its
influence on flotation[J]. Journal of Central South
University ( Science and Technology ). 2008, 39(1) .
58-62.

ATIRAR. S [ B R 7 B 0 0 0 W R U U T
FELD. BN - J0 74 B T K24, 2018,

YU Xianlin. Research on mineralogy characteristics and
flotation of different causes of galena[ D]. Ganzhou:
Jiangxi University of Science and Technology.2018.
BT S IMB SR, Ty it A 25 4 55 3 T AR R RO P O
RO )] B A &m0 g, 1998(4) . 8-11.

YIN Wanzhong, SUN Chuanyao. Study on the relationship
between mineral crystal structure and surface characteristics
and floatability[ J]. Metallic Ore Dressing Abroad,
1998(4) :8-11.

CHEN J, WANG L.CHEN Y,et al. A DFT study of
the effect of natural impurities on the electronic
structure of galena[ J7. International Journal of Mineral
Processing,2011,98(3-4) :132-136.
WETHEL, PR e . 2% | Bt 5. 28 (0GR B ) 48 43 1 78 T
W C100) K 10 W B 0 52 ma [T, B A 4 JE 2
2012(9):2626-2635.

LLAN Lihong,CHEN Jianhua, LI Yuqgiong, et al. Effect
of vacancy defects on oxygen molecule adsorption on

galena surface (100)[J]. The Chinese Journal of Nonferrous



86

e = R i

510 &

(20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

Metals,2012(9) :2626-2635.

FRife . AR . BRIME . 55, 28 (L5 A0 J7 85 0 i 7 45 4 &
TEIEAT J 5% e 1 2% Bz R e )], T E A A4 s
#,2010(9):1815-1821.

CHEN Jianhua, WANG Lei, CHEN Ye, et al. Density
functional theory of effects of vacancy defects on
electronic structure and flotation of galena[]J]. The
Chinese Journal of Nonferrous Metals,2010(9) :1815-1821.
MR T AR S A B IR TR I A B R
AT L] TRRFEYR,2019(7) 23,

SONG Kun, SONG Yongsheng, ZHANG Qidong, et al.
Flotation separation of chalcopyrite and molybdenite by
externally controlled potential method[ J]. Chinese Journal
of Engineering,2019(7) ;3.
BRI I, O A L S R AT IR A S
AT ROL B A & 4 8 % M), 2016, 21(10):
2669-2677.

QIN Wenging, YAO Guocheng, GU Guohua, et al.
Electrochemistry of sulfide minerals and its flotability[ J].
The Chinese Journal of Nonferrous Metals, 2016,
21(10) :2669-2677.

VG0 A A A SR R T B R I e 4 s .
S I, 1975 (35 ) 2) :37-39.

NISHWAKI MIKIO,ZHAO Yuan. Flotation separation of
chalcopyrite and galena[ J]. Metallic Ore Dressing
Abroad,1975(S2) :37-39.
QIN W, WANG X, MA L, etal. Electrochemical
characteristics and collectorless flotation behavior of
galena; With and without the presence of pyrite[J].
Minerals Engineering,2015,74:99-104.

Mo A, 0 H WYL e A A R 4R I R RE I AR B R v
CID 825 5 w5 P AE B B0 RE - B AL . R A
18,4 J& %2 4R, 2000,10(3) : 426-429,

CHEN Jianhua, FENG Qiming. Energy band model of
electrochemical flotation and its application(]]) — Energy
band model of xanthate interacting with sulphide
minerals[ ] ]. The Chinese Journal of Nonferrous Metals,
2000,10(3) :426-429.

Mg de, T a0, e B, 55 B Ak T ) i S5 A R A
— RS, o A iR CH AR 2 RRD . 2011,
42(12) :19-24.

CHEN Jianhua, WANG Jinming, LONG Xianhao, et al.
First-principle theory on electronic structure of copper
sulfides[ J . Journal of Central South University ( Science
and Technology),2011,42(12) :19-24.

IV E VM. B - T7 5 TR L 43 B 1 H Ak A BT
FELT]. g 718 4 B 2 4. 1992, 23(5) : 520-525.

SUN  Shuiyu, WANG Dianzuo. An electrochemical

(28]

[29]

[30]

[31]

[32]

[33]

[34]

study on flotation separation of chalcopyrite from
galena[ J . Journal of Zhongnan Mining &. Metallurgy.,
1992,23(5) :520-525.

BB AT AR B E S 2 48 G AL i # T8 R
ToE R oy B IR B S (] A B 5 R, 201721
64-66.

LI Minggui, HE Shi, DAI Shengquan. A gold bearing
polymetallic sulfide ore copper lead cyanide free
flotation separation test of chromium[]J]. World Nonferrous
Metals,2017(21) :64-66.

@A K 4 de, BB %L CMC 55 858 RN B -
PEFBLEE B B (). 0736 TR . 1982.2(3) : 32-36.
MENG Shuqing, LIU Jinhua, LIAO Pingying, et al.
Discussion on the interaction mechanism of CMC with
galena and sphalerite[ J]. Mining and Metallurgical
Engineering,1982,2(3) :32-36.

fift s e AR FHHE DR L S VTSR A IR A RS B TR
SBR[ 5 ih LA, 2015,35(6) :46-48.

XIE Zhifeng, QIU Tingsheng, YIN Yanfen, et al.
Flotation separation of copper-lead bulk concentrate
from Jiangxi[J]. Mining and Metallurgical Engineering,
2015,35(6) :46-48.

BRI . A5 AR A W
BT FE[T]. A 688 G038 5) . 2018(5) : 36-42.
MAQO Fubang, GUO Chaohua, TAO Hengchang.
Experimental study on the separation of copper and
lead from a lead-zinc ore in Inner Mongolia[J].
Nonferrous Metals ( Mineral Processing Section),
2018(5) :36-42.

RAR o o 28 3C, B i ot 58 M B AT A= 3 - M
&0/ AR o A & RilJ]. f TO3E R, 2019(9):
4038-4319.
SONG Junying, HE Xuwen, HUANG Zhanbin.
Stabilization of heavy metals in soil by chitosan and its
derivatives[J]. Chemical
Progress,2019(9) :4038-4319.

NGAH W S W, TEONG L C, HANAFIAH M A K

Industry and Engineering

M. Adsorption of dyes and heavy metal ions by chitosan
composites: A review[ J]. Carbohydrate Polymers, 2011,
83(4) :1446-1456.

HUANG P. CAO M, LIU Q. Using chitosan as a
selective depressant in the differential flotation of Cu-Pb
sulfides[ J]. International Journal of Mineral Processing,
2012,106-109:8-15.

LIU Q, ZHANG Y. Effect of calcium ions and citric
acid on the flotation separation of chalcopyrite from
galena using dextrin[J]. Minerals Engineering, 2000,
13(13):1405-1416.



%93 pi

A BT AN AR S R T R AT O T 5 S 87

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

QIN W, WEI Q. JIAO F, etal. Utilization of
polysaccharides as depressants for the flotation separation
of copper/lead concentrate[ J]. International Journal of
Mining Science and Technology,2013,23(2):179-186.
PAWAR S N, EDGAR K J. Alginate derivatization: A
review of chemistry, properties and applications[]].
Biomaterials,2012.33(11) :3279-3305.

CHEN W, FENG Q, ZHANG G, et al. The effect of
sodium alginate on the flotation separation of scheelite
from calcite and fluorite[J]. Minerals Engineering,
2017,113.1-7.

CHEN W.CHEN T.BU X,et al. The selective flotation
of chalcopyrite against galena using alginate as a
depressant[ J]. Minerals Engineering, 2019, 141; 105848.
doi:10. 1016/j. mineng. 2019. 105848.

WANG D, JIAO F, QIN W, et al. Effect of surface
oxidation on the flotation separation of chalcopyrite and
galena using sodium humate as depressant[ ]]. Separation
Science and Technology,2017(11) :1-12.

LIU R, QIN W, FEN ], et al. Flotation separation of
chalcopyrite from galena by sodium humate and ammonium
persulfate[ J]. Transactions of Nonferrous Metals Society
of China,2016,26(1):265-271.

HUANG P,WANG L, LIU Q. Depressant function of
high molecular weight polyacrylamide in the xanthate
flotation of chalcopyrite and galenal J]. International
Journal of Mineral Processing,2014,128:6-15.
ZHANG X R, ZHU Y G, ZHENG G B, Et al. An
investigation into the selective separation and adsorption
mechanism of a macromolecular depressant in the
galena-chalcopyrite system[]J]. Minerals Engineering,
2019,134:291-299.

PRAEEAE , 7 R5E . S Jk 2 TR0 1R 8 07 1) 1 27 5 4 IR R
L b2 3 JE B )4 L3R B g L0, 1 4 4 s -
B ,1998(5):18-21.

CHEN Jianhua, LU Yiping. Study on the synergistic

[46]

[47]

[48]

[49]

[50]

mechanism of thioglycolic acid inhibiting chalcopyrite’s
chemical competitive adsorption and electrochemical
reduction[ J]. Metallic Ore Dressing Abroad.1998(5) ;
18-21.

TRAT IR R SHIR L R FH L 55 SR FH % B U2 bR T6 T 92 4
BAye IR LR b E A A SR S . 20174
843-849.

ZHANG Xingrong, LIU Chongjun, ZHU Yangge,
et al. Depressing mechanism of copper-lead separation
by density functional theory method[J]. The Chinese
Journal of Nonferrous Metals,2017(4) :843-849.
PREAR T E . 28 = 5. Sl SRR H 8 h
o W EE LT ], 0 A 58 5 HF &, 2011(6) :68-70.
CHEN Huijjie, JIANG Shengguo, LI Jiyun, et al.
Application research on flotation separation of copper-
lead with sodium thioglycollate[J]. Mining Research
and Development,2011(6) :68-70.

T . ) Tl IR 54 G e B 24 511 B HC A 5 B B ek
BRI 28 AR RTALEI LD b - g 2 . 2010.
LIU Runqing. The synthesis of reagents by industrial
waste and its mechanism in Cu-Pb-Zn-Fe Sulfide Minerals
Flotation[ D . Changsha: Central South University,2010.
ERALDEE , T3, KA 2. A LI i) 50 45 B2 X 2 4 40 0
e m L) ] A 4 JE TR, 2016,6(6) : 62-66.
QIU Xianhui, YU Yang, ZHANG Chunju. Effect of
tannic acid on flotation of chalcopyrite and galenal J].
Nonferrous Metals Engineering,2016,6(6) :62-66.
PIAO Z J, WEI D Z, LIU Z L, etal. Selective
depression of galena and chalcopyrite by O, O-bis(2, 3-
dihydroxypropyl) dithiophosphate[ J]. Transactions of
Nonferrous Metals Society of China, 2013, 23(10):
3063-3067.

PIAO Z J,WEID Z,LIU Z L. Influence of sodium 2, 3-
dihydroxypropyl dithiocarbonate on floatability of
chalcopyrite and galena[ J]. Transactions of Nonferrous

Metals Society of China,2014,24(10) :3343-3347.





