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The Influence of Fe([ll )-O/OH and CN~ on Lead Adsorption onto Pyrite Surface
YANG Xiaoxia', LI Yijiang"', YE Guichuan®, LIU Shiqi*
(1.School of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan, Shanxi 030024, China;
2.College of Mining Engineering, Taiyuan University of Technology, Taiyuan, Shanxi 030024, China)

Abstract: In order to deeply understand the influence mechanism of pyrite oxidation products and residual CN~ on the
adsorption of lead-containing particles on pyrite surface, the structure and composition changes of pyrite surface in the presence
of oxidation and hydrocyanide were analyzed by constructing pyrite with different oxidation degrees, supplemented by solution
chemical calculation, surface product quantity and quality and electrochemical characteristics analysis, as well as Zeta potential
measurement. The adsorption amount of lead-containing particles was detected, and the inhibition or synergistic effect of
Fe(ll[)-O/OH and CN~ on lead adsorption behavior was clarified. The results show that the primary driving force for the
physical adsorption of lead on the pyrite surface is the electrostatic attraction between positively charged lead-containing ions
and negatively charged ions on the pyrite surface. Fe ([l )-O/OH reduces the amount of negative charge by increasing the
positive charge on the pyrite surface, and thereby decreasing the electrostatic driving force for lead adsorption. However, CN™
can chemically react with Fe([l[ )>-O/OH to form Fe(CN);, which is removed from the surface, ultimately increasing the
electrostatic adsorption force between positively charged lead-containing ions and oxidized pyrite. The research results further
reveal the influence mechanism of Fe(lll )-O/OH and CN~ on lead adsorption, which provides a new theoretical basis for the
efficient recovery of gold from low-grade gold-bearing pyrite and the treatment of lead and cyanide pollution.

Key words: Oxidized pyrite, Electrostatic physical adsorption driving force, Chemical cleaning, Lead adsorption

0 3| A [ S B R 0 L Rk 4000 B R
DRSS 0y 400 ) 8 3 T S A T 5 S ) 9 3 [T WA R AR

B AT T R R R 6 T R R e A L 4 Tl o Tl T I g 2 A SRR S i
RS P IR Y AR E SRR R OB K BN AR R B K B RRR R B T

|

* W fe A #A:2024-09-13
EETR - FEEARFFRSEIHH (52104260) 5 1 P54 7 4F 54 5 H (202303021212229,202303021222022) 5 K J5 R K 2 18 1 5
B 54 H (20222145,20242015) 5 L7544 0] (5] £ 22 A GLRHOF % B 5 H (2024-054)
TEZE BN /N (1990—) o2 b @ A i PRI, 5 BF 5 5 o) M iR AL AL 2 . E-mail ; y.x. xia@ hotmail.com
BAEMES N 1991—) 5, v B2 A PR, EEHE T 10 A AR K B 7K . E-mail : Isqcumt@163.com



B E L F Fe(lD-O/OH #= CN™ a5 45 A @A B M MEA R[] 7 LR S F X ,2025,45(8). 247

(SCN )P 5 a8k I AR AR R 2% /K 1 4k 1k
Pt DL BBk - B 2 A8 A — AR ok T
(108 24 B T S AR A R A BRI TR A T B
RIS TE R A BB /&/E=R  7/ ae = R  7 Ri N R
B R AR R B KM . SRR 8% B R 3R T ALk 3 i
MR AR LR B T R B R A, B4
AR, — MR B TR AR R (A BT
— e 5 ARG R 5 — T
1] Ak T8 100 4 AL ) 25 FE ik BB i — J2 D TE
R A A A By B DiTEY, R A B ORI
i, HIFHE 48 8 FBEATHFE R LY, )ik
I T — 4 4 O B AT 4 BB Ak T A 114 K
Sl R AR RN H e A TR
i B TR B & R TR IR TR AR . BV TS AR
BT IO T B 0 IR A S MR S A
RE X i 252 B 24 T A Ak B0 A A RS A e Bk
AT 14 TR 2 2 ke 3 A A5 R 1) O B PR 2R T O BfE
BT R P A EME T, TR
AT 4 A R S SRR W2 B R 25 508 B gk 36 T ) AL A
PEBT , A 58 S0 A S 3 T Ak 7 ) 0T 4 7E Bk
2 T 2 B 1 5 o ATL B L A R IR A O A 0 2R A
e HT IS A Tl AR

I AR R K R M K B R T i
FHEE/NT 0.015 mg/LY . B EHSE A i
T 2 WINT A8 Gt A 52\ T AR T 57 454 76 K
WrhES T REA FEEEERA AR
LB A R B B R RE . BRI 2 2R R Rk
VB R 4 I8 B T W B R0 O B T IR AWF 5, B 7 1)
B R T B 4 T 5 7 A AT DA R v T A o R
RERED, RESSRRT W Ehs A
BT 4 JE BT G PR B 0 XU L AF R b A R o AR
AT A B R AT DAVE Sy A B AR A 1 e A
R A A i 3 — DR RS o 7E 4 g 4 [ G R 1 [ B, A T 5
MW G IR AR D IR BE V5 Y BRI 3K T Y
TIF 86 2L 9% Y P01 AR LA 2 A &

A F I AT B Bk 2R A AR
Y FeClll)-O/OH X 88 2k 47 1 W B 45 55 1Y 52
BUIR 8 5 b 2 i 5 0k il 4% 3 i A [m) 48 Ak A B 1Y B
BRI VT SR TV YAk 25 5 Sk A o A I R 1 e
KLl Zeta WA I K Ok 25 4 0 R 3K T AR
PE LRI R X 920 fL T BT (Cryo-XPS) K i
O W ER 5 TR, DLKOR) A U B BT IE
CEIS) 43 B >4 iff 2 85 W B 1 s A9 3% 18 P A 2 o 1 A

o ASSCE 1R TR IR 5 B BB A G AL AR P
PLER, Po A Hw e i A R X sk TR &R B 7
M B 25 BR AR L BB AR

1 R

L1 A

A 5T T BB A A A 20 Tk e b MIBR 2% )5
X R BB R AL RS TR G 0 31 0 A e e A o LS
0.6~3.2 mm BPIRL . XFZ0RE L 1Rk T A B
B TR TS ACP-MS) HE 7 1k 2 241 18 43 7 » 45
W 1. ICP-MS &5 R W] %R fl 9 24k~
TCRIE R GL, & BT O 45,406 A1 50,506, & W
0.6~3.2 mm MY BRAFEMLERE D 9600, AL, ik
A — Lo LA, AL O, SIO, A Ti. 43 B 28
W A RE S X5 U 100 g, SR TG 26 AR 2 4%
FAT T T VKA v VR L By LR it — 22 S

K1 0.6~32mmHREKTHERELFAN

Table 1 Main elemental composition of pyrite sample

with particle size ranging from 0.6 to 3.2 mm %

Fe S Cu Bi Pb AL O3 SiO: Ti Zn

45,40 50.5 0.10 0.02 0.13 0.03 0.35 0.04 0.05
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Fig.3 The Surface Fe 2p spectra of pyrite with
different oxidation degrees
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Table 2 Theatomic percentages of the oxidation product
Fe( Il )-O/OH and un-oxidized Fe( Il )-S, on the

surface of pyrite with different oxidation degree

FFEH /%
AL =) Zi5RE/eV  03mL 0.6 mL 5 mL
H, 0, H, 0, H, 0,
Fe(ll)-S,  707.4~707.7  4.532 3.139 1.982
Fe(ID-O/OH 710.8~710.9  6.910 7.987 8.531
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JF 4B 6,910 26 32 7 18 i #] 8.531 %6 , 1 AH
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) B8 A0 T £
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5 W o T 5 1180 32 3 BEL B 4R 2 AN [) WO R 24 78 e R
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Fig.4 The EIS spectra of pyrite surface with moderate

oxidaton before and after lead adsorption
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Table 3 The values of the model parameters

extracted from the EIS spectra in Fig.4

5 R./kQ R./kQ (,‘PE,/‘U,F n
BT 78.01 11.0 506 0.90
W+ Pb 100.60 11.9 904 0.86
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TE B BT A A 2 1T A IR R 40K 80 1 O A R U T SR

X AN Ta] S A0 A 2 B Bk A 3 TR TR R S Y
Zeta LALEINE SR ILFE 4.

R4 TREABENERT BRMATFEER Zeta EAIE
Table 4 Zeta potential values of pyrite surfaces
with different oxidation degrees before and

after lead adsorption

e Zeta BV, /mV
BT +17.03
WD +0.3 mL H; O, +13.41
WEKD+0.6 mL H; O +9.85
W +5 mL H, O +7.36
T +0.3 mL H,O; +Pb +14.29
B +0.6 mL H,O,+Pb +12.55
W +5 mL H.0,+Pb +10.78

Fe 4 PR R AL F T Y B T O +17.03
mV, KL AT DAHEWT , 76 #2125 14 F (pH 28 5.00, K&
Ry R M IE A 2 T am sy, (HREE AL’
JE G W N, Zeta BB +17.03 mV % B4 A% 5
+7.36 mV, X Ui W] BP0 2 T WE AL S AR ) Fe
(ID-O/ OH i 45 & 1 1F F i 328 #7920, 11 F o 348 3457
Wz, (BHWMAE 3 Fh (LR BRI )5 . 3R Zeta
B A2 I +13.41 mV.,+9.85 mV F1+7.36 mV 1
fnFE 4-14.29 mV.+12.55 mV #+10.78 mV, A%
SR BE 00 14 A, S R BT T L 1 A LM 4-0.88
mV BN E] 4 3.42 mV, X 7 Wt 3 8 AL T2 1
T, R £ 2 T Y 22 1 RS IE LY P 2 ] Y
i EL O g 30 3 3 R L T S04 W B T S R T Zeta HRL
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Fig.5 Pb 4f spectra and total atomic percentages of lead adsorbed on the

surface of oxidized pyrite in the absence or presence of CN~ under pH=9.0
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B 1 R R WAk 2 T B R 45 R AT AL 7E pH
9.0 I, ¥ WP B S HE R F O A IE AT Y
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Fig.6 Fe 2p spectra and atomic percentages of Fe( [ )-O/OH on the

surface of oxidized pyrite in the absence or presence of CN~ under pH=9.0
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Fig.7 Nyquist plot of the surface of oxidized pyrite surface

in the absence or presence of CN™ under pH=19.0

F5 pH=9.0 ZHG T CN EMAIEELESRT REN
R F A Nyquist i B Il & S
Table S The parameters extracted from Nyquist plot
of the suface of oxidized pyrite in the absence

or presence of CN™ under pH=9.0

FE R./kQ R./kQ CPE/uF n
B 78.01 11.3 510 0.89
BT+ CN- 77.80 16.9 512 0.91

& 6 Al %, pH=9.0 M9 & T . 88k %
T A R B FeID-O/OHUSE T 1 20 50h 8.5%)
KWy REC L&Ak, BmA CN J5,
Fe(llD-O/OHJE + H 78 UM 8.5% 2 il T [ 2
2.8, EH] T CN- 54k 8 24 %11 Fe(lD-O/OH
RAEALFE RN A i Fe (CND . & AW IR 4 9 1k 2%
N I o VR T A — BB T 4 R A AR L e in
THH LI DL BUAE . A2 A pH=19.0 S0 T . X%
ANFEHBE CN- X B R 1 Zeta HL AL 952 M 1T
TG, BB CN- 1wk B 38 n, o 2w & i
Zeta ML B G PR AIC, 5 K T 48 7 K & R fr T
I 2 T 5 TF B A PhOH T 22 0] il #5802 51 7 25
B, R s B A i W B o . L 7 Rk 5 AT
CN™ WM JE R M 11.3 kQ #4415 16.9 kQ, BiH %
AT P9 R A 55 RS BE 1 B CONT AR BB B Fe(CND ;T
R ARGRFR RS LAY n H AN 0.89 N5 0.91,3%
B CN™ FE3RTH KA T 35951 19 1k 24 W Bt 6 45 3 1 o
W, RLEBIEIEM T CNT 5 Fe(llH-O/OH Z
6] 2% A Ak 2 O AR i Fe(CND 5, 32 HF CN X 484k
BB R H AR AL F T AR S5 .

i bopr ik, BOCONT 5 8 4k 0 4 1k 3%

Fe(lID-O/ OH&E A 2% i, ¥ B T & 1l Fe(1ID-0O/
OH JZ MR, OB T R 79 Fe(CND, , &
4% T G0 H o7 A 2R RS , DATT 8 58 T A O F AT
L~ 7 2% 181 1) 40 340 B

3 Hi

AR SCE 3 R 3 A [F] AR A R B A BT, W T
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5.0 IF i I B 5 A b 3 A AT O F Y A B R
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Fe(lll)-O/OH % A4 s ZL Ak 7 3 15 Kz » PRk 5 471
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