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Table 1 Quantitative analysis of main components of

deep—sea manganese nodules(mass fraction) %
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Fig. 1 XRD analysis results of deep-sea manganese

nodules raw materials

Pl JZ A0 15 E WA AR IR . O Ot 2R /0] W 4 30 R
JE s Mn \Fe ] 32 4041 T-0RE N0, A8 Bt 4 4R A
ALY SRR E A AT AR . SO oA e AR
PR A SRR A A 10 i 5 R TR R R 4% 0T 5 Ca
Mg 5 Mn 537 = RS &, RER 250 ) vh ol B %
AE5 BSR4 . A48 Co.Cu Ni JCHL
AR WORL , B UR BCR A Y 5140 A TR A Ak
Jo, UL BA Al R VBRI ST IR SRR B R 4
T T B R AR TR R (D) BRI AR . %
AR G IR 2 4 B 5% 2 MUOT R A LA
L2 RN RALEE

AR I T 32 B DA K T AR 430 UL
2,43,

F2  FEREGH

Table 2 Main experimental reagents

170 4 B 4l A5
il 98% 244k~ 25 AT BR 2
TARALR A 99.9% BRI R A R )

2 R R EUR O k

2.1 RIWFEIE
XFESRE SR 2 S ES Y, R 2d

S3 PR Y B ST AR R AR R R SR, EL

JE B BRAE S E A &R K. ik,

AWFELE A E-pH B R 7400700
AR A2l K i), SOk il I S 0 <, [



2026 4F 8 A% 4 M

XEH A DRI 2 B R 45— F AR JEUR R P LB 5 .23 -

(a)SEM 5 (b) 2R EHH# 5 (¢)O0;5 (d)Mn; (e)Fe; (£)Si; (g)Ca; (h)Mg; (i)Cos (j)Cus (k)Ni
2 Wil 248451 508 SEM-EDS 43 #T 1€

Fig.2 SEM-EDS analysis diagram of deep-sea manganese nodules raw materials
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Fig. 4 Effects of temperature on leaching rates of

deep-sea polymetallic nodules

&l 4 25 5L, 78 SO, H #4800 mL(20 ¢ 4,
TRED BT I8 R X B B R R
M % . BEE R IR T A R R R
Wl W 0 T s A6 70°CHT 4 VB AN IR Ry
135 B B 55 {H 94. 83% . 83. 85% F11 84.20%. % i
W, Z & B s i AR B B R e R 0 TR
T B PN 32 30 2 R R 2 R R s i a2 4 i
FEA B TR A G TS RN . SR, i 78 A IR 2 il
Gl VR VRS IR R IR R R A LR AT RE A
B VL T e, 30 AR A ZR R SO, PRk 5 i
S 3 SO, P IR, 4 R AR BT I, 3=



2026 4 8 A 4 1) EIHY . K24

JEm &% — AR R R LB T - 25 -

R TCTL IR B BACIRAS o IR AR 3R s e ) Bl
RS AR K . A F BRI R B
A4 m R R R R L 70°C R .
3.2 SOAExRHERNZIN
& 58 25k 32 R 70°C, fiFR FH & 0 g, W L
5 mL/g, $ $¥ 8 i 350 r/min, 35 ] 2 h %42 S0,
FHAE X 2 4 J@ 25 4% Jr ok 1Y) 4 e 1 R 2 I, 45
AN s fros .
100
90 :%ﬂ
gop *Co

—v—Cu
70 —¢—Fe

30 [ v
20
10
0 L 1 A4 L L L 1 1 L
400 600 800 100012001 4001 6001 8002 0002 200

SO, /(120 gfiA)
5 SO, XHRI 2 &\ Z5 IR H AR A R
Fig.5 Effects of SO, dosage on leaching rates of

deep-sea polymetallic nodules
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Fig. 6 Effects of sulfuric acid dosage on leaching

rates of deep-sea polymetallic nodules
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efficiency of deep-sea polymetallic nodules
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Characteristics and mechanism of sulfur dioxide reduction leaching of deep—sea

polymetallic nodules
Zhao Xuanbo, Shi Shanlin, Shu Fangxia, Lu Wen, Liang Jiaqi, Chen Jing
(Shenyang Research Institute of Nonferrous Metals Co. , Ltd. , Shenyang 110141, China)

Abstract: The efficient separation of manganese, nickel and cobalt from copper and iron in deep-sea polymetallic

nodules is an urgent technical challenge in hydrometallurgy. In this work, deep-sea polymetallic nodules collected

from the South Pacific were used as raw materials, and a sulfur dioxide reductive leaching process was adopted.

The effects of reductant dosage, leaching temperature, sulfuric acid dosage and stirring speed on the leaching

behavior of each metal were systematically investigated, and the selective leaching mechanism was elucidated by
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combining thermodynamic analysis and phase characterization. The results show that under the optimal conditions
of no additional sulfuric acid, a leaching temperature of 70°C, a liquid-to-solid ratio of 5 mL/g, an SO, dosage of
1000 mL per 20 g of raw ore, a stirring speed of 350 r/min and a leaching time of 2 h, the leaching efficiencies of
Mn, Ni and Co reach 94. 89%, 81. 81% and 84. 17% respectively, while those of Cu and Fe are only 28. 43% and
9.91%, realizing selective and efficient extraction of manganese, nickel and cobalt. At a sulfuric acid dosage of
10 g per 20 g of raw ore, the manganese leaching efficiency can be further increased to 99. 89%, but the system
selectivity is significantly reduced, with the leaching efficiencies of copper and iron rising to 95. 15% and 80. 87%
respectively. Mechanistic analysis reveals that SO, preferentially reduces MnO , to form soluble Mn?*; in the
acid-free system, goethite is transformed into a stable magnetite phase, which naturally suppresses iron leaching;
the addition of sulfuric acid alters the thermodynamic stability region of the system, promotes the dissolution of iron
oxides and releases occluded copper, thus reducing the separation efficiency. These findings can provide
theoretical and technical support for the clean and efficient utilization of deep-sea polymetallic nodule resources.

Key words: deep-sea polymetallic nodules; E-pH analysis; selective leaching; sulfur dioxide (SO, ) ; extraction

of manganese, nickel and cobalt; inhibition of iron leaching
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