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Abstract: Hydrometallurgy has been increasingly used in the treatment of low—grade refractory ores owing to its
relatively low energy consumption and cleaner process. Metal leaching is the primary step in hydrometallurgy, but
there are still some acute problems such as low metal recovery rate and long reaction time. Chemical oxidation can
transfer metal sulfides into metal ions or change the valence state of metals, and thus benefit the following separation
and enrichment of the target metals. In this process, the metal leaching rate can also be further improved by external
field enhancement. This review mainly describes the application and the main reaction mechanisms of five typical
less corrosive chemical oxidants (Fe*", O,, H,0,, O, and persulfate), as well as the relevant collaborative oxidation
methods in the hydrometallurgical processes, and introduces four strengthening methods by pressurization, special
reaction medium, microwave and ultrasonic. Fe’* is widely used in acidic leaching of chalcopyrite, sphalerite and
other sulfide ores. The unique ion pair cycle enables Fe’* to form a synergistic oxidation leaching mechanism with a
variety of oxidants. O, often enhances the oxidation leaching efficiency by pressure strengthening, which can
promote the oxidative decomposition of refractory sulfide ores. H,O, has attracted wide attention due to its strong
oxidizing property and clean oxidation products, and has been widely used in electronic wastes treatment.
O, oxidation can help to effectively release wrapped gold into solution from refractory gold concentrate containing
sulfur. Persulfate is relatively stable with strong oxidation ability, and can be activated to generate reactive oxygen
species. Collaborative oxidation and four strengthening methods can further take the advantages of each oxidant to
improve the oxidation effect and reduce the cost. Finally, the prospect and technical challenges of chemical oxidation
strengthened hydrometallurgical technology are prospected, which has guiding significance for the development of
clean production technology in hydrometallurgy.

Key learning points:

(1) Chemical oxidation can shorten the leaching time and increase the metal leaching rate.

(2) Chemical oxidation technology helps to develop clean hydrometallurgical processes.

(3) Synergistic oxidation, medium enhancement, and field enhancement methods can further enhance oxidation.
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Table | Typical examples of Fe** oxidation enhancing metal dissolution

Reaction conditions

Metal recovery rate Ref.

Mineral Main ingredients
K e e cares, s
Sphalerite ZnS
Zinc sulphide concentrate ZnS
Galena PbS

[Fe"']: 30 g/L, [H,SO,]: 10 g/L, S/L=1:10, 60°C, 1~8 h

50°C, S/L=1:50, stirring rate=600 r/min; particle size: 45~75 um, [Fe*]: 1

80°C, 150 min, S/L=3:20, [Fe*]: 1 mol/L, stirring rate=400 r/min, P, =1.1  p: 85.6%:; Zn: 90.7%; Cu:

Cu: 25%; Co: 15%; Ni: 63]
90%; Zn: 75%
Zn: 31%, increased by

mol/L 30%" (61]

[H,SO,]: 0.5 mol/L, [Fe*]: 0.5 mol/L, S/L=1: 20, 1 h, stirring rate=350 t/min Zn: 85%, increased by 40% [64]

[Fe*]: 0.3 mol/L (or [H,0,]: 8.06 mol/L), [HCI]: 8.06 mol/L, 55°C, S/L=1:
100, stirring rate=360 r/min

Pb: 71%, increased by 20% [56]

Sulphide-barite ore FeS,, ZnS, PbS MPa 60.3% [65]
Copper sulfide Cu,AsS, 30°C, 14 days, S/L=1:200, [Fe*]: 1 mol/L Cu: 95% [66]
Chalcopyrite CuFeS, [H,SO,J: 1 mol/L, [Fe**]: 1 mol/L, 80°C, [NaCl]: 2.0 mol/L, 180 min Cu: 23%, increased by 8% [67]

Lead-zinc flotation PbS, PbO

Copper sulfide ore CuFeS,
Chalcopyrite CuFeS,
Copper sulfides CuFeS,

Zn,Si0,, ZnS, ZnO, 70°C, [H,SO,]: 1 mol/L, [Fe*']: 0.75 mol/L, S/L=1:15, 60 min, stirring rate= Zn: 83.17%, increased by

[Fe*"2: 25 g/L, [AF']: 10 /L, [Mg™']: 1 ¢/L,, [Cu**]: 0.2 ¢/L, [SO,>]: 125 g/
L, pH=1.2, £,=700 mV, 70°C

[Fe*']: 3 mol/L, [Methanesulfonic acid]: 0.5 mol/L, particle size: <38 um,
25h, S/L=1:10,90°C 95%

[Fe"]: 25 g/L, pH=12, 50°C, [Ag']: 0.5 g/L. 10 days

400 r/min 55% [17]

Cu: 32% [6]

Cu: 100%, increased by 7]

Cu: 96% [55]

Note: 1) Metal leaching rate increased ratio, relative to the data obtained at the lowest oxidant dosage in the literature.
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Cu™, IR M &G . BT RR, Cu®/Cu fH B AE HCLIE
T R SRR S R A D S T T T R R VR ) AL
HJE AP, Bogdanovié 55T T CuCl,—NaCl-0, ¥
W, H A 105°C 44 T s IR o FE , 2 h YA
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NaOH-Na,CO, 1 &1, O, S84k i2 H AT [ SIHLE, [
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FEEEA Hr PRI VR R O R v, A I 508 75 O 2%
PE R G Dy 6: 1 45 433 52 2 600 r/min FLA£<63 pm.
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Table 2 Typical examples of O, oxidation enhancing metal dissolution

Mai

Mineral . al.n Reaction conditions Metal recovery rate Ref.
ingredients

Zinc sulfide concentrate ZnS P, =0.5 MPa, 105°C, stirring rate=500 r/min, 42 min Zn: 90% [69]

Zinc sulfide concentrate ZnS 150°C, [H,80,]: 50 g/L, P, =1 MPa Zn: 65%, increased by 13%"  [70]

Copper concentrate ~ CuFeS,, MoS,
Molybdenite concentrate MosS,

Angouran sphalerite ZnS

80°C, S/L=1:6, [NaOH]: 2 mol/L, air with ventilation volume: 0.6 m*/h, 8 h

[Fe*]: 1.2 mol/L, [H,SO,]: 1.5 mol/L, 80°C, particle size: 21 wm, 6 h

Mo: 97.5%, increased by 50% [8]

S/L=1:6, Py =1 MPa, stirring rate=600 t/min, particle size:<<63 pm, 200°C, 120 min  Mo: 99%, increased by 40%  [68]

Zn: 84.72%, increased by 60% [71]

Note: 1) Metal leaching rate increased ratio, relative to the data obtained at the lowest oxidant dosage in the literature.
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o, BT E S SERT 60 min B Z1 A4, 2 JE HLO, R
o3 i, R N R 25 R o Bl SR A S 7 i B 6 3
A P I AR R T 0 T ] VR B G R R R H A R e
KU, 59 HCLAN HLO, < B2 (138 i mT i 34 3 i 41
i i HE AR RE SN 19.6 kI/mol.



150 U= D

#0203

MS+4H,0,—~MSO0,+4H,0 1
MS+H,0,+H,SO,—~MSO,+S"+2H,0 (12)
MS+4H,0,—MO+H,SO,+3H,0 (13)

H,0, A HI T 3k 28 42 J& A ¥ H A0 R A A 77
EREH . HO,ERYEFM T A 53 I &
BH Bl R G I A AT ZEBR R M E 2.5 mol/L.
[ EE 1:14.95°C [ RIS 8] 2 h R4 74 pm FE% 5 600
t/min 25+, 0.5 mol/L H,O, P ¥4 4H . 4133 Hi % I 10.8%
F11.7% 53 Al 42 22 98.4% F198.7%. (NH,),CO,-H,0,
PR Z 1, H,0, AT AR IR A A 77 Fh LRI S (i R R i
32 464 (1.5 mol/L H,0,, 70°C, 2.0 mol/L (NH,),CO;,
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B E99% DL b, BRSSO S KRR 43 i
64.18 1158.95 kJ/mol .
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WP AR, AT E LD BB BEFRMT,
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H,O, AL AL BRI E N 15 g/L 1) AsUSVE W, [ )3 5 min B
AR AR A 90% LA I, HiZ ik FE 52 pH 52
W /N T 2 & B aAGH R AT BR i 2, 1,0,
R R 900 g/t B, B RS A A A &N 2.03% BE
1.11%, BORE AT 11 [ 2235 31 86.58% » S it 43 252

B2, H,0, 7E Jhilih 45 $1 S5 5 A 2% A 508 Bl )
48 & ¥ (Fe'™, Cu™ S AE R, B 5 R A o i, 5 30K
FUREEARFE . A FH AR e 77 w] DLRE B HLO, PRos 73 fi# , AT
PETH G RV AR, W WA E A & R VB IR B R
M 285 . 1F H,S0,-H,0,~(CH,0H),fA &+, 2,
T RS E AR AT AL AR H AR R T & 60% . (HARE
FIEI Bl N 23 i 12 H i COD Ft i, $2  1 J% K 4b 2
AR o

DL BT H,0, 5t ik 42 8 i it FE TE A i B
SINERETETE Yo 3& FH pH G 98 L e B Ak IR A, 2 —

Fheg oS A HO, W] I T-EALH™ A2 42 & AL AN
JR A R e e, N YE . AH EE Fe’, H O, %Ak ™
PIAS S 1 R U5 S, SR A T FRLA B iy, SR A T B
FHEE 0,/0,, H,0, 1E il S AL 77, A% Jo R R B v, AN 75
BN . AR HO, 8 AMAFAE L T 1) - D 5 53 fif BT # 12
IR AR R s @K BRI 51 AR R 2 45 ]
B, FEUR K % Qi A AEE T A HUIR BCA LR i
FesE ), F 80 Il COD Ft 1, JE K A B A &7 s D
P E LR 1) 51 NGB S K ek B i 2k A o S AL 2
A, BRI A SR B R . Bk, H A S SR
BRALH b T 5250 S0 TP By, TAL S > . 3 54
T H,0, oA 4 RV H ST S
24 REENRE

B0, 2 — P S AL PR AU, 7R K R I AL IR 5
HA(2.07 VALK T 9, 20°C I 2 ZE 8] )9 40 min. 1E Ky
SR ToBR B I R A R B R, O, BT 2 TR EE AR
B DR 2 AR 2 A AU AR, O,
FUE TR G S0, g SR, iRm &R R
H AN A B A BT IR A Tl A B L HE AL B ARAL AT B
HERMEEIR %, O, AN LRAEREE MR
1000 A B 4 J Ak B Ok, SN T A 2L L (14) F
(15): O, ] 4K Ag AL Ag™, inJ7 i x0(16)1,
O, bt O, %1kt /) B 5, W]l Ik B 48 A A A0 ] 2 A4k 7
Pl 7 2R S BN T 4 J8 v RS s il . O, 1 Tl 484k
AL 0N AR R A S s A SR BN, LA Fe™
0,1 Fe*/H,0,/0, H Mn*" /0,45 4k 22, O, # 6 A5 Hy
R E AR R IR B BRI VRS R A RE IR
K. RABLGET O AN RN S JE I LAY S

3CuFeS,+80,—3CuS0,+3FeSO, (14)
FeS,+7/30,+H,0—FeSO,+H,SO, (15)
Ag+O,2H—Ag"+0,+H,0 (16)

H,SO,~O;-Fe™ & & v, i il IE 22 AR 48 7T 1 % i
R Fe* f O, P [A) S8 A0 F A S5 4T AL, 0 Fe™*
R PEE Rt A B ) s ) B K, H UG R AR A O, i B AL
BO, fF Fe WK 0.5 mol/L. O, ¥ i% 0.5 g/h. i FR ik &
0.1 mol/L 745 398 wm B, 8 (13 R fe vy o FLAATE 5T
PEE, TR A R 3 O, 3= H SR A, T sk & Jm VA
H K Fe MR N & . HCI-0,/0, 1k &b, @il 5 /)
S5 5 T O,/0, W IR Ak 2 HE R B A AL , 7 foe A 4
PR B 50 min, #632 H #ik 59.13%"Y . IS BT A
WA AZ OO TR S 3o 2R 2 TR B i FE s o), WL Ak
“H15.98 kJ/mol.

H,SO, /1 i Fi O, TRAL BE Skt B &k 0, 35 4 [m
IS AT $R B 12%~21%"1, HCl & % O, AL R
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Table 3 Typical examples of H,0, oxidation enhancing metal dissolution
Mineral Main ingredients Reaction conditions Metal recovery rate Ref.
Limonite—
. . [H,0,]: 0.03 mol/L, [NaCN]: 0.015 mol/L, pH 10.5, 48 h, 400 r/min, . o) o/ 1)
mangamf:;zus silver Ag,S, FeS 2242°C oxygen flux: 12~20 mg/L, particle size: <75 pm Ag: 44.36%, increased by 17% "’ [20]
H : %, [H : /L, 50°C irring, 120 mi .
Chalcopyrite CuFeS, [H,0,]: 30wt%, [ ZSO"]. 6 mo /L, 0°C, no stirring, 120 min, Cu: 65%, increased by 40%  [90]
particle size: 100 wm
15, T (11 i i .
Sphalerite 7nS [H,0,]: 5.2 mol/L, 30 ,'[HNOK] 11.4 mol/L, 700 r/min, particle Zn: 98%, increased by 25% [86]
size: 100~150 wm
: T irri : i .
Sphalerite CuFeS,, PbS, ZnS [H,0,]: 6 mol/L, 60°C, no stirring, [H,SO,J: 2mol/L, IS0 min, . 5¢ 310, 1 creased by 48%  [91]
2 particle size: 38~45 pm
Galena PbS [H,0,]: 0.5 mol/L, [CH3C(.)OH].: 3 mol/L, 50°C, no stirring, 90 min, Pb: 96%, increased by 50% 93]
particle size: 45~75 pm
Zn concentrate ZnS [H,S0,]: 5wt%, S/L=1:200, particle size: <38 wm, 240 min, 60°C Zn: 80%, increased by 60% [87]
Chalcopyrite CuFeS, [H,SO,]: 1 mol/L, [H,0,]: 3 mol/L, 160 r/min, 240 min, 25°C Cu: 87%, increased by 80% [85]
H : /L, 40°C i tirri L=1: rticle size: .
Chalcopyrite CuFeS, [H,0,]: 3 mol/L, 40°C, 90 min, no stirring, S/ 500, particle size Cu: 99%, increased by 74%  [92]
53~75 pm
Mol i
olybdenite MoS [H,0,]: 9wt%, [H,SO,]: 4wt%, 240 min, S/L=1:200, 600 /min  Mo: 37.85%, increased by 20%  [89]
Concentrate 2 272 e

A non-refractory Au, Ag, FeS,, AuTe,,
sulfide gold and silver AgCl, Ag,S, Ag,CuS,-
ore Ag,AsS,

Pb—Ag-Zn concentrate PbS, ZnS, FeS,
Galena PbS

A secondary lead

. PbS, FeS, Fe,0,
smelting matte

Zinc refinery residues ~ GeS,, GeS, Ge, Ga,S,, Ga

Chalcopyrite CuFeS,
Galena PbS
Chalcopyrite CuFeS,

Crude bismuth alkaline
refining tellurium slag L

Chalcocite Cu,S

Galena PbS

[H,0,]: 0.005 mol/L, S/L=2:5, [NaCN]: 4 g/L, 24 h, particle size: <<
74 pm, 450 r/min, room temperature
[citrate]: 1 mol/L, pH 7,25°C, S/L=1:10, 45 min

[H,0,]: 5 mol/L, [HCI]: 5 mol/L, 60°C, 90 min, 400 r/min, particle
size: 100 um

[H,0,]: 0.25 mol/L, pH 5.5, 25°C, [citrate]: 1 mol/L, S/L=1:10, 120

[oxalic acid]: 110 g/L, [H,0,]: 0.12 mol/L, 30 min
[1-hexyl-3-methylimidazolium hydrogen sulfate]: 10vol%, [H,O,]:
25wt%, 45°C, 120 min, particle size: <45 pm, S/L=1:10

[H,0,]: 9.8 mol/L, 97°C, 135 min, particle size: 100~150pum,
[H,SiF,]: 3.44 mol/L, S/L=3: 25

[H,0,]: 3 mol/L, [HCI]: 0.5 mol/L, room temperature, 180 min

[NaCl]: 0.75 mol/L, [H,0,]: 20vol%, v(H,0,)=1.2 mL/min,
Bi, PbSb,0,, PbTe, CuBiO, [H,SO,]: 2.76 mol/L, 60°C, 2.5 h, gas flow rate: 2.5 L/min, S/L=1:

[H,0,]: 0.2 mol/L, [Fe**]: 0.25 mol/L, [NaCl]: 0.5 mol/L, [H,SO,]:
0.5 mol/L, 85°C, 180 min
500 r/min, [NaCl]: 250 g/L, 90°C, 180 min, [FeCL]: 25 g/L, [H,0,]:
6.66 g/L, [HCI]: 0.3 mol/L, v(0,)=1.0 L/min

Au: 95.15%; Ag: 92.44%;
increased by 1.6%, 2.3%, [3]
respectively

Pb: 100%, increased by 70%  [94]

Pb: 90%, increased by 20% [80]

Pb: 93%, increased by 10% [81]
min

Ga: 99.32%, no increase; Ge:

98.86%, increased by 10% (211

Cu: 98.3%, increased by 50%  [82]

Pb: 99.26%, increased by 40%  [83]
Cu: 33%, increased by 25% [18]

Te: 95.75%; Cu: 91.88%; Bi:

90.23% [84]

100

Cu: 94.33%, increased by 10%  [19]

Pb: 99.5%, increased by 20%  [33]

Note: 1) Metal leaching rate increased ratio, relative to the data obtained at the lowest oxidant dosage in the literature.

H,SO, /"R i, 12 5 B M A B S0 A I, B R 26 A T 86
2R IAF98.13%, IR EREIR F &R HF N 70.17%, M
EL PRAL B AT 4R TE T 57.81%1""), [ 7 #2m &i% 4,
O, T4 A 34 mT 5 35 9 /D A S B2 B ) o DA 4 BR M S A
R, 7E 25°C .800 r/minw(0,)=9 g/h. 15 mim. FALHY
WPE N 0.10wt%- [EVR EL 1:4 A1 pH=11 & F , 6} T FF 5
A, O, THAL KL AL I 18] A 40 hskZb 21 24 b 6L B,
SR HF N 88%, FETF T 35%, HRIZ H R N 78%, # T+ T
520411,

O, 17T F FBG Sbrifid f2 . 7EMBRRR IR R,
O/Mn™ A A0 YT TE V2 7] 76 5 R PR Vi VR HH (pHL 1~2) i F E

B, 38t S 1 A Gt 8 SR R DU V2R 0 Rk < T X 7 S 1K
i R

O, FMIE S B ZF A AN, S R v, SR N R
HE =G g% /el B, M T Fe' iR
AN R SRR B 5 A% Gt S AL R, AN B AL B SR AL R )
BAE AR Oy 4 1 HLO, 7 R IE WK I\ 51 2 44
B 2 a1, O, HAT Ml 5 AL BE 7T, 3G T 44K
R AR AT, 0 R B R A A T A AR
IR IR AR 4R o H O, S AAFAE LU ] 8L«
OB A = BT B, AR R e ok, 2R
FAKL R s QO A7 M FEAR A AR O S
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Table 4 Typical examples of O, oxidation enhancing metal dissolution

Main

Mineral . . Reaction conditions Metal recovery rate Ref.
ingredients
. [H,SO,]: 0.5 mol/L,O, flow rate=100 mL/min, [O,]: ono
Chalcopyrite CuFeS, 2.5v01%, 22°C. 2200 min Cu: 80% [107]
Chalcopyrite CuFes, SO 0.5 mol/L, v(0,)=2.5 gh, S/L=1:100, p=0.1 Cu: 60%, increased by 20%" [108]
2 MPa
0. i ize: < i . .
Tetrahedrite Cu,,Sb,S , [HCTI: 0 ;;?gl/lsd/’lfril’c; SLZ(% )=4f 5“;11’1360 i Cu: 51%, Sb: 19%; increased by 35%, 10%, respectively  [109]
, 125, v(0,)=4. )
» » W(0,)=1.38 g/h, S/L=1:4,Ca0 3 g, pH 11, [NaCN]:
Gold s1‘lver pyritie FeS,, Au, 1.8 g/L; oxidation pretreatment for 20 min, Au: 97%, increased by 21% [104]
minerals Ag L
cyanidation for 48 h
Pyrite—type refractory v(gas)=90~120 L/h, [O,]: 5.49~6.77 g/L, 16 h, 100°C, . o) o
gold concentrate FeS, Au S/L=1:8, [FeCl,*6H,0]: 420 g/L Fe: 83.96%, increased by 50% (110]
Highly refractory FeS,, Au, ) . . -~ . o) o
oncentrate FoAsS [O,]: 5.808 g/L, 25 min, 1200 r/min, pH=1 Au: 23.27%, increased by 14% [103]
. [H,SO,]: 0.18 mol/L, particle size: 13 pm, v(gas)=1.2 Cono, : o
Pyrargyrite Ag,SbS, L/min, [0,]: 0.079 g/L, 25°C. 800 /min Ag: 80%, increased by 8% [111]
CuFeS,, . 3. .
Sulfide minerals Fes,Au, SO 0.1 mol/L, [FeT]: 0.5 mol/L, 20°C, 600 v/ Au: 76.25%, Ag: 71.24%, increased by 21%, 12% [22]
;sg min, 60 min, v(0,)=0.5 g/h
500 r/min, [NaCl]: 250 g/L, 90°C, 180 min, [FeCl,]:
Galena PbS 25 ¢g/L, [H,0,]: 6.66 g/L, [HCI]: 0.3 mol/L, w(O,)=1.0 Pb: 99.5%, increased by 40% [33]
L/min
1 . 0, 0,
Vanadium—containing coal V,0,, - Particle size: <75 pm, [H,SO,]: 25wt%, S/L=1:5, 600 Th:ulli 1263 Clhll‘;g fztcizgsfeglz th;zelzi;n p916284.1;3.2121<f) ; ?317“(;5 " [51]
s 0, r/min, 90°C, 2 h, W(gas)=25 L/h, [O,]: 10 g/L e V25,257, 72576, and .87,
respectively
Complex sulfidic Sb.S, [HCI]: 4.5 mol/L, v(gas)=%.0 L/min, S/L=1:8, 4.0 h, Sb: 94.3%, increased by 20% [112]
antimony ore ; 65C
. Fe,O,, Pt, B . . . o o o
Magnetite ore Pd. Au 30°C, 3 h, 400 r/min, pH 1.5, particle size: 74~149 pm Pt: 90%, Pd: 70%, Au: 50% [12]
. [H,SO,]: 0.18 mol/L, [O,]: 0.079 g/L, 800 r/min, Como
Pyrargyrite Ag.SbS, 55°C, 25 min Ag: 80% [13]
Antimony-bearing FeS,, [HCI]: 4 mol/L, 900 r/min, 85'C, particle size: <74 Sb: 86.1% [113]
complex sulfides ore Sb,S, pm, 50 min
Antimony-bearing FeS,, . .
2 : C =1: : 0.
refractory gold Sb,s, ~ HICH:3 molL, z/SL ;(S/a]“s)zlzlg ,Ls/g?i;/mm, [0, 0.12 Sb: 93.75%, Au: 89.25% [114]
concentrates FeAsS & ’
i;iﬁi’:;‘ggc‘i‘;d h‘i*ll; FeS, Au, [Fe]: 1.4mol/L, 100°C, 16 h, S/L=1:8, pH=1, intake Fes 7729 1]
'y 8 FeAsS pressure=0.138 MPa, 90, overnight SIhEn
concentrate
) [Fe']: 0.5 mol/L, [H,SO,]: 0.1 mol/L, 25°C, w(O,)= e
Low grade chalcopyrite CuFeS, 0.5 gh, particle size: 398 wm, 120 min Cu: 17% [32]
o S/L=1:40, 700 r/min, 60°C, [Mn*]: 40 g/L, ¥(0,)=15 . .
Cyanide tailings FeS, g/h, v(gas)= 80 L/h, [H,SO,J: 1 mol/L, 6 h Fe: 94.85% [4]

Note: 1) Metal leaching rate increased ratio, relative to the data obtained at the lowest oxidant dosage in the literature.

2.5 WHREREENR

IR A — b o SR AR E AR FE 3508 2.0
Vo R ARIE I &R 21 (Fe? A1 Co™ S5) K 26 1F T
IEAR IR Sh W] B AL TR ERAR B B2, 1% B AR A
P AE KT W A RS E - 24 pH>8.5 I, BB AR H H 2%
e B S B T R O A SR A 2. A
SR A A , o B R £ 3T A R A N R AL

YAk , Babu S8R f B o R #h S8 AL B S T AT
TEME R LB A AR AR AT, T B B A
B A AL SR R AL, XTI B BRI RCR  Liu
SEMIRT SR T, FE PR IR R b i B RR B A 9 AR
AT AR 32 H 2R e T HAR AU ), (NHL),S,0>NaClO,
>NaClO>H,0,, % M. i ¥ i % 73 5l 7y 88.9%, 70%, 60%
H45%. LR #h v FH T N B S AR R



2 M

MBS AR IR R I A R SR 153

BRI AR OSBRI L SR IR R 2RK 16%~70%
A A 5 YR P o R 5 A Ak B A0 R DA 5 AR R
(7)Ew, For MARER T LUE B A 4 (1 4™

M,S, +x8,0,*" 5> xM** +)8" +2xS0,*"  (17)

H,SO, /i 1, LA 51t 5T K B Na, S, 0, B4 1 24
A I AR AR Y LA e B F BT, AT R i T IR
o MAh, B OR TR IS L, RS kA
] R BN S BV M o 1O RE A A R T S L 4 ) W
A% OB RS AL BE N 41 kI/mol™”. H,SO, 4 )i
w5 P O R R A R R AR A R AN TR AR rR SR A, 7R
12 53~70 pm i B 60°C S NI ] 5 h AR R A AR
5% FAF T 21wt i B R BN P AR R 2 IA 95%7,
£ H,SO &, i B BR AR v K VIID S AL B VAV AT V
(V), 5 H P [F B I 05 o F e e 268 S A, 3R R LR
RN S R B, N 2wt% ) Na,S,0, AT AL H 5 A
45% 32+ 2 65% LA L.

Tl 46 1 T NH,~(NH,),SO,-Na,S,0, f& R fE i ik 1A
SHHHENH. ZHRAPNHHTS SRS T,
Na,S,0, I T KA E A B, 7] FH T A AIRER UK =
Ho B RR R B B AR T A2 4R R Ol FE A, (NH,),S0,
WZ 2 mol/L i B 30°C i+ 33 2 500 r/min [ L 1:
40 MURLAT 45~63 wm 25, ¥ 0 2.5 mol/L (NH,),S,0
F10.075 mol/L ] Na,S,0,, Cu & H % 1] ik 87.6%!",
NH,*H,0-Na,S,0, & & ', Na,S,0, % 1k iz H 4 i | 3%
B i 2, BT Na,S, 0, V8 B T B E A, S LT
eI (98%) " 1R H I FE W DAAT RO e e B

TE R 2 FLE T BN AR M 3 ) 5B AL R IR, Na, S, 0,
T NH, *H,O ¥ B [ B2 50053 il 9 2.0 #1015, 7& 4k g A
45.0 kJ/mol., (NH,),S,0, i AT F 1 J5 i £k 751 S AL 771, AH
L6 H,O, , P4 s i MBI ian, R A (NH,),S,0, ¥
AT R RERR TP IR B, T 2 2 T 1R H R AT IA 98%
DL M iZad B, ik SRR BRI A 5 e A O R R AR
YRR I | e, A st AR TRt SR &
Rt -

i A R A T4 T A L B U Rl S R A B
il 5 e B K R I R AN KR AR,
T SR BRI T R R R A AR R T, AL
FHERETFTS5EaRAERSBHEENET. 5
Na,S,0, 5 (NH,),SO, #H Lt , FI K,S,04 ¥ ¥ AT LA £ 1 %
il B 5y 50% LA B FHAMT LIk K I, Na,S,0,- 1
JE R R G0 T M 4 TH FL R AR R A 2 38 B P S A N,
Fe fll Cu =F & J& , I H i 40 v # &% H 204 3
99% [ 1] A 30 min 45 F % 5 min 2,

DA BRI SRR B, o R 5k S8 SR i, & H pHL Y [
HHERA, GG A8 i, 845 R 5 3 v i v i i
FRIEIEFR AT, 2 — P B AT s b R . AT
0,/0,, i B R #h S A I A2 19 4% T AR i, S A 3
LR B 1 il R ER £ 70 i = W) N B B, Ay ok —
IG5 AP A i B R SR e B o, HLPE AR
SE o AR ER h F AR ML R AN B A, 75 ZEER N
I, RS TS0 2h A b & 8 W s A
Ao
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Table 5 Typical examples of persulfate oxidation enhancing metal dissolution

Mineral Main ingredients Reaction conditions Metal recovery rate Ref.
i i ize: <— T : 9 .
Sphalerite 7nS Particle Size: <=45 um, 60°C, 5 h, [(NH,),S,0,]: 20wt%, Zn: 97%, increased by 16%" [115]
concentrate [H,SO,]: 5vol%
. [Na,S,0,]: 50 g/L, pH=2, S/L=3:200, particle size: 24 pum, mo
Chalcopyrite CuFeS, 300 t/min, 120 h Cu: 60% [117]
. [(NH,),S,0,]: 200 g/L, [(NH,),CO,]: 200 g/L, 180 min, 60°C, [ o
Chalcopyrite CuFeS, S/L=1: 25. 400 t/min Cu: 72%, increased by 70% [118]
: . —1- . 0, . 0/ 3 0, 0,
Copper flotation Cu.FeS,, Cu.S, CuS [(NH,),S,0]: ‘400 g/L, S/L '1.10, clos;d syste:n, reactor Cu: 55%, Fe: 27%, 1ncre§sed by 24% and 20%, [119]
concentrate ST porosity 0.5, 250 min, 700 r/min, 105°C respectively
Calcareous 40°C, 4 h, 600 r/min, S/L=1:7, [NH,*H,0]: 2.0 mol/L, . o - o [23,
bornite Cu,FeS, [(NH,),5,0,]: 3.0 mol/L Cu: 88.9%, increased by 24% 116]
Chalcopyrite [(NH,),S,0,]: 210 g/L, 105°C, closed system, reactor
F T . . : 57.04%, Fe: 14.71Y 12
concentrate CuFeS, porosity 0.43, 180 min, 500 r/min, S/L=1.1:100 Cu: 57.04%, Fe 7% [123]
Ni—Mo ore FeS,, MoS,, NiS,, [H,SO,J: 0.5 mol/L, [Na,S,0O,]: 0.5 mol/L, 95°C, particle Mo: 98.6%, Ni: 96.5%, Fe: 93.4%, increased by [120]
NiS,Ni,S,, NiAsS size: 90~96 pm, 600 r/min, 180 min 14.4%, 9.3% and 21.2%, respectively
Low-—nickel (Fe,Ni),S,, FeNi,, [NH,*H,0]: 5 mol/L, [(NH,),S,O]: 2.5 mol/L, 40°C, 4 h, Ni: 81.07%, Co: 71.74%, increased by 9.7% and 2]
matte CujFeS,, Fe,0, 700 r/min 15.6%, respectively; Cu: 93.81%
Gold Au [K,8,0,]: 50 g/L, pH=2 , S/L= 3:200, particle size: 24 m, The dissolution rate of Au increased by 8 times ~ [124]

300 r/min, 120 h

Note: 1) Metal leaching rate increased ratio, relative to the data obtained at the lowest oxidant dosage in the literature.
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Iv TR TR v (A R R B B O, AN Fet AR AL, B
H26AF T (100°C 8 h 3 [ b 20 5% 3% 869 r/min. O, ¥ J&
54 mg/LFe" W 1.4 mol/L), B EkA FIA i 2R 1 AL
EE 451 53 531 A 75% Fi 72%, Au [BICR IR & T 77%, 5 5]
96.5%"". O, A 52 KN S AF s K, A AL S R 2 -
-1 = AR 2 A AR gz . 8 0 Fe™ A Min® 1/ 3454
AR DU 2 iR 2% . H,SO, A, Fl MnSO,
MO, P& TR, &R EERITEZE. OF
ek Mn™ 54k 5 Mn™ , 28 J5 Min® ¥ 35 AT S OB 1R
FBEREE . A, = 0 S B JF AN & . 22
HE AT A A i 0 2% B 3R Tyl 7K ) 94.85% H148.89%
5 Fe™/O, 1k Z M LL , Mn®"/O, 1k 2 0w, 2540, B
FEAG.

Tian 55" B 70 T INEFH7E H,SO,-O,~Fe''/Fe’ 14 &
e IR LI SR RV R A L L 1) 18 Fe™/
Fe™ B IE AR N B R I . (R 5 1R R
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JE R AR O, A O A A I i i OB, A
- HOR A . 5 ZAHEL, MnO,/Mn™* B X 1 T
TR AR R INEED IR IR A& & 1, MnO,/Mn™ B 7%}
A I R A (1 TR) S A AR g HR T2
2.6.2 H,0,, O, f Fe* th A A 1bIZ H

¥ H,0, 15 HoAth S0 770 Bin [7] 48 FH mT 2 25 41 i3k < J8 V4%
o O, H,0, M Fe™ S 1b i Ji fi A ¢ iy, — 3 Al @ it B
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BEAR— 217,

IbAh, K254 @ RRMEET M & Aot ER,
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RN, £ H,0,, O, AL BRI B 7 A /E TR L Bt
TCER AN TRER £h , I A B E A RIAR R #h o TE 5
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Fig.1 Summary of chemical oxidation enhanced hydrometallurgical cleaner production technology
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