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THR:
SO; - +H,0 = SO?™ +-OH + H* (3)
SO; -+OH™ = SO +-OH (4)

Ma F507 DLk B R B0 Sy A0 R0, >4 0 i 1R 4 ok
&4 0.407 mol/L, LT+ 2 70 °C W}, Bk 1AL
A LLIRF] 73.69%, & WA T 3 I e W4k sl A fk
AR T4 = R A L2 . Tang %™ DLt 6 R 4
(APS) R 8 AL F, 4K Ky (nZVDAE R 5] &, 8k
WA AR 1 1 h 5 H AR F] 92.69%.
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TR I RE A B 5% b AR e R A S A
HA a7k 6.92 g/t, Hoiif 85 4: 4 0.37 g/t, kR Eh
47 0.506 g/t, ALY 4R 0.239 g/it, Bk 4
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THALBRRS ] 4 h, NaOH A 10 kg/t, 332 H 7 10 kg/t,
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Fig. 1 Effect of APS dosage on gold leaching rate
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IO, AR S AL AR BEASCR, TR i ) APS ST AN
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Fig.2 Effect of nZVI dosage on gold leaching rate
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Fig. 3 Effect of NaOH dosage on gold leaching rate
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Fig. 4 Effect of leaching agent dosage on gold leaching rate
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Fig. 5 Effect of preprocessing time on gold leaching rate
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Fig. 6 Effect of leaching time on gold leaching rate
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T nZVI 218 Bl fE it Fe”, Fe'5 APS K4
PS8R N A2 B T SOy -, DRI SEAE Materials Visualizer
ALK T 1 S TH A 2 Fer Tl APS [ AR A, AR I 2R H
VASP BT T LA A ST BB T, APS BERUAI Fe
RGN & 7 fIi7R . APS AL S-O FE K Ab 1 1.334~
1.508 Az [H], O-O # #E Ky 1.480 A, O-N g #E K
1.185 A, N-H 8K 7F 1.141~1.253 Az, TS
APS I RER E,p=—86.37 eV, Fe I it it Epe=—0.60 eV,

Fe* 73 W B ZE APS Y S S5 47 . 3 R TA O Az
5 O M s A, R A E 8 Bt .
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Fig. 7 APS and Fe’" model
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Fig. 8 The adsorption model of Fe* at different sites of APS
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Table 1 Calculation results of adsorption energy at different
adsorption sites

fig it SHfE  OL&if;  O28ifi O34 O A fiL
Ewsr’ 8737  -92.14 -91.72 -89.26 -95.41
E 0.59 —4.18 -3.76 -1.29 —7.45

WAt 1] LUE H, AST] A W B s A57 18 I B R
iR X H), Horp Fer (e S i1 A7 1Y W [ B 4 0.59
eV, Fe’ £ O M4 55 157 i W it BE i —7.45 eV, Fe"fE AN
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7] O J5i+ &AL 1) W BT 68 43 51 A —4.18 eV, —3.76 eV Fil
—1.29 eV, W] Fe*'7E APS | e a5 ) W Bt 445 A4 2 7
O M 8 i A7 b A W B, LA Fe 504~ O JR F B Y
BER R0k 2,082 A1 2.288 A, it 3 2 HEEK 98
P AT, APS 7E W B Fe i £ % He 25 4 v i 52 i, B
5 Fe 1Y W B2 X 5z B 5 A7 BFF 3T A9 Dol Bl i e K
SO, S AL FN 3 AR O M7 Y W B2 36k i PRl I
T 4B W A 1A TN, T O A7 R A7 4D R B ) et
5 S,05 HAH I 32 IS O T 1 I B 46 4, TE A
FRUE 45

F 2 N[EIMF S AL APS a2 YRR K /A

Table 2 Bond lengths (A) of APS configurations at different
adsorption sites

i SHAE Ol O2mi A O3mifr O # i

S,-0, 1.488 1508 1.508 1.508 1.508
S,-0, 1575 1.492 1.616 1.616 1.492
S0, 1373 1334 1.334 1.373 1.334
05-0, 1480  1.480 1.480 1.480 1.345
O¢Ny, 1246 1185 1.185 1.213 1.185
N,,-H,, 1228  1.228 1.228 1.228 1.228
Fe*-MR B A5 00 1.683 1.876 1.752 1.993 2.082

B Xt Fe FE O #7 8 A AV T 1 o i e W Bf 44 78,
T 73RS R, i Fe il & APS 7= 4: SO, -1 2 [
AT, 9 & Fer WL FfI7E APS Y O B # At i 7 64 14 o
THE 45 R L WAE Fe 5 APS [ A= iSO, - 1y i # v 45
FEA A S R — i VRS TS, 88 3 P TS2)
F—A AR (IC) 7=y . Fe VE L5 N O HFe R,
WAL Fe VEH, B 58 O Ml i i 48 K B 2= Wi 4, TS1
RET OWrd4E KN 2.563 A, TS2 IR T O 5 4t
Koh 3360 A, i K FRUEIRATH 1.345 A, F:30-0
HEWT S R H O-N B R Wi K, R RE T
1.185 ABfHn &= TS2 AR ZSIFAY 1.799 A, 2 APS [ Jif
53 R —A~S0; - FI—A~S07, Wi~ NH,', it A —14> Fe''s
RNt R TS1 R Z iR A RE 22l 3.84 eV, H [E] 4™
Y e 1 TST KRR T 1.92 eV, TS2 i P2 75 5 va IR 10
e 2202 —1.88 eV, S 2= W) Y RE f 4 L TS2 FEAIR T
2.27 eV, SRS H L FEAL T 2.23 eV, TSI #E
T 7 {5 T TS2 2 A 1 RE 22, fh b6 ] LK Wy TS1 /2
APS 73t = A= SO - R 3 54 1) e A0 BR

28 SO, EHEYF DFTHR

BT A S BN 3R K 4R, My
2x2x1 A8 M, V1T ok (100) 1A, [ @ 2 R 1 5 ot
A7 MEARSE LT 5, FErh SO BEAL R H 2.7 1157 B 1545
Y, N TR] Wz B S A2 A 10 s o 1 10 Sk SO, -1E B 2k
W AR b B AR, S W B Fe I B 2.039 A, O
W FfE S BB A 1.458 A, O WK B Fe BHEK R 1.326 A

TS2:-95.97 eV

4
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Fig. 9 The O bridge bond of APS adsorbs Fe' reaction pathway

PC:-98.24 eV
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Table 3  Pyrite lattice parameters

a=b=c o=f=y

54281 A 90°

AL TR AT, BRI ASTT EARA RE 1 -1 106.68 eV,
SO;-fE it A —57.38 eV, SO;-H1 S W B /F #5244
Fe 07 (9% B g R —3.41 eV, O WZ B 7E S s {57 B 1%
AEN—0.81 eV, O WL I 7E Fe i A2 I W BFBE M —5.42 eV,
W BFE R T3R5 SR R B, SO, -7E BBk b AR AL A5 H
Fe Ji+, HE %62 O DAL 7y KWL FHAE Fe I, AT
B E Ak o i, ] R Fe 2B 09 /5 I
TG M7 A5 o SO - B 4k 2 a1 W B B, 2 B2 S SO
) S 1 Fe. O Fil Fe &t [ i, wEkA™ 3R 1 LAY S M 4%
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(a) S adsorption of Fe; (b) O adsorption of S; (c) O adsorption of Fe
Fig. 10 SO, —pyrite adsorption model
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Table 4 Pyrite atomic positions

Atom X Y Z
Fe 0 0 1
S 0.385 04 0.385 04 0.385 04
MES 5 R .
3 i

2R T nZVI-APS P& R & Ak 1Ak B3 415 Y
RFA 8, I HAEFRR &R &M 7R 258, @
T 2E I T nZVI-APS {4 2 72 4 SO - 1 & i L
L, DK SO TE 8k L AVE R 05, TR 25

(1) S Al T4k R A 40 e R 4 1 A1 3 a6 245 2R
FeH, 7E0 K BB W BE 150 g/L. APS JH & 4 kg/t. nZVI
HIiE 4 kg/t, AL TAL BT (] 4 h, NaOH H & 10 kg/t.
4 Wi R A A 10 ke/t, 3= BT 2 h AR AR
T, &R R AT LA E] 87.93%.

(2)Fe*5 APS [ W #4055 2 B, Fer B4R
T APS 1y O ¥ J5 07 I, Fe*5 APS J i A= 1l SO; -
I FEAEAE TST RN TS2 PN P A, TS1 7 e Ik (1Y fig 22
g 3.84 eV, ML A HI5E TSI J& APS 43 7= H: SO, - [ i
RN S TR

(3)SO;-7E BB m 2 1 W B AL HL T H R B, SO, -rh
'S F1 O 3= B 43 51 W B AF 85 kB 3R I 9 Fe IR 1 I,
W FFEBE 23 5 —3.41 eV F1-5.42 eV, £ W Fe S &S0;-
58 4 1 B 3 M A5
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Effect of Nano Iron Powder-ammonium Persulfate Oxidation Pretreatment on
Non-Cyanide Leaching of a Fine Disseminated Gold Ore and Quantum Chemical
Calculation

LI Yichang', TANG Yun'’, LI Guohui', LI Shuai', DAI Wenzhi"’

1. Mining College, Guizhou University, Guiyang 550025, China;
2. Guizhou Key Laboratory for Com-prehensive Utilization of Nonmetal Mineral Resources, Guiyang 550025, China

Abstract: A micro-disseminated primary gold ore was taken as the research object and the gold-bearing pyrite was
pretreated with the nano iron powder (nZVI)-ammonium persulfate (APS) system before treated with a non-cyanide
leaching agent. The reaction path of oxidized pyrite enhanced by the intermediate SO, - produced by nZVI-APS system,
was calculated by quantum chemical calculation. The results showed that the leaching rate of gold reached 87.93% under
the conditions of APS dosage of 4 kg/t, nZVI dosage of 4 kg/t, pretreatment time of 4 h, NaOH dosage of 10 kg/t, leaching
agent of gold cicada dosage of 10 kg/t, and leaching time of 2 h. Notably, quantum chemical calculations revealed that the
reaction path of oxidation pretreatment of pyrite in the nZVI-APS system was the first transition state (TS1) —
intermediate (IC) — second transition state (TS2), where TS1 was the rate-controlling step for the production of SO, in
the system. Specifically, Fe* adsorbed with the S atom, O atom, and O bridge bond in APS, with the adsorption bond on the
O bridge bond exhibiting the most stability. Additionally, the SO, - could oxidize Fe and S in pyrite, with Fe serving as the
main active site.

Keywords: gold ore; oxidation pretreatment; non-cyanide leaching; quantum chemical calculation; iron nanoparticle;
pyrite; ammonium persulfate

IR EHE, Fx, ZEE, 200, fCGhH. QRPN —id 57 AR i S0 T BEF S 2 3 2 T 0 S S0 1 A i) B bk 1Al 2
L] 04 5FI L, 2023, 43(1): 50-56.
LI Yichang, TANG Yun, LI Guohui, LI Shuai, DAI Wenzhi. Effect of nano iron powder-ammonium persulfate oxidation pretreatment
on non-cyanide leaching of a fine disseminated gold ore and quantum chemical calculation[J]. Conservation and Utilization of Mineral
Resources, 2023, 43(1): 50-56.

#2 # B 41k : http://hebh.cbpt.cnki.net E-mail: kebh@chinajoumal.net.cn


https://doi.org/10.1016/S1003-6326(17)60133-X
https://doi.org/10.11792/hj20160412
https://doi.org/10.11792/hj20160412
https://doi.org/10.1007/s40831-021-00416-5
https://doi.org/10.1021/acs.jpcc.7b09706
https://doi.org/10.1021/acs.jpcc.7b09706
https://doi.org/10.1016/j.minpro.2015.04.006
https://doi.org/10.1016/j.minpro.2015.04.006
https://doi.org/10.11792/hj20140515
https://doi.org/10.11792/hj20140515
https://doi.org/10.3969/j.issn.0253-6099.2017.01.017
https://doi.org/10.3969/j.issn.0253-6099.2017.01.017
http://hcbh.cbpt.cnki.net
mailto:kcbh@chinajoumal.net.cn

	引 言
	1 试验样品及研究方法
	1.1 试验样品和药剂
	1.2 试验方法
	1.3 浸出率的计算
	1.4 量子化学模拟计算参数设置

	2 试验结果与讨论
	2.1 APS用量试验
	2.2 nZVI用量试验
	2.3 NaOH用量试验
	2.4 浸出剂用量试验
	2.5 预处理时间试验
	2.6 浸出时间试验
	2.7 nZVI-APS体系产生${\rm{SO}}_{4}^-\cdot $的DFT研究
	2.8 ${\rm{SO}}_{4}^-\cdot $氧化黄铁矿DFT研究

	3 结论
	参考文献

