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Fig.1 Deep-sea polymetallic nodule ore sample
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Fig.3 Chemical phase analysis method of limonite

and pyrite in manganese nodules
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Fig.5 Chemical phase analysis method for magnetite

and hematite in manganese nodule ores
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Table 1 Block size analysis results

=

10~20 20~30 30~40 40~50 =>50
it/kg 0.50 2.42 1.65 9.32 4.85 1.26

VAE /mm <10

=

1% 2.50 12.10 8.25 46.60  24.25 6.30

m
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KREEFIEARMA L 10 mm FEE T 50 mm A5, At
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Table 2 Content of each element in different block

sizes

S JCE B it (T 5480 /1%
Mn Fe Cu Ni Co
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FHE 22.71 5.70 0.83 1.05 0.26
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Table 3 Results of natural humidity measurements of

nodules of different lengths and diameters

Fiff/mm <10 10~20 20~30 30~40 40~50 =50

m,/g 40.78 59.23  154.52 23441 351.62 421.42

m,lg 32.55 45.63 11845 18042 264.52 310.53

W% 2527 2980 3045 2992 3293 35.71

e 3 IV NER S ¥ INER SR A DO R g R
Table 4 Results of absolute humidity measurements

of nodules of different lengths and diameters

Fifg/mm <10  10~20 20~30 30~40 40~50 >50

M /g 3534 5055 13035 199.98 29691 351.82
M,/g 31.76 4485 11624 178.67 262.14 307.65
Wi% 11.27 12.71 12.14 11.93 13.26 14.36
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Table 5 XRF analysis results of deep—sea

polymetallic nodules (mass fraction) %

dl
s

(0] Na Mg Al Si p K Ca Ti \
324 1.89 251 3.08 7.99 042 1.14 1.01 0.56 0.05

i

Mn Fe Co Ni Cu Zn Sr Mo Ba

oo | &
p

i 2873 895 0.31 0.95 0.86 0.14 0.07 0.06 0.19
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Table 6 Analysis results of main element contents in

polymetallic nodules (mass fraction) %

JCZE  Mn Fe Co Ni Cu Si Al Ca Mg

frE 2851 9.06 028 098 0.88 7.51 3.05 1.07 2.44
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Fig. 9 XRD spectrum of polymetallic nodules
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Table 7 Mn phase composition

&8 FetH4l K

Table 8 Fe phase composition

& Fe I SR R R SR RERRER B
GEEESED/%  0.11 0.05 8.39 0.004 0.51 9.06
5 /% 1.21 0.55 9256 0.04 5.63 100

R CutH4A A

Table 9 Cu phase composition

rEA ZaR

& CulAfl GALH  BRARH B

& A |
T (mEaE/% 0.1 0.78  0.002 0.001  0.88
i /% 1133 8834  0.23 0.11 100
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Table 10 Co phase composition

& Co Pkl EARAY BRARAS  BREREE B
SRURES%0/% 00026 028 0.0004 0.0002 0.28
i /% 093 9887  0.14 0.07 100
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Table 11 Ni phase composition

& Mn )41 ZEELET RLEARY) HRRERRER A
ok (B 80 /% 1.03 27.38 0.1 28.51
i He /% 3.61 96.04 0.35 100

& Nil RE:  Beiiky BAY B
i (BT 80 /% 0.000 2 0.01 0.97 0.98
5 /% 0.02 1.02 98.97 100
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Fig. 10 FT-IR spectrum of polymetallic nodules
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Fig. 11 TG-DTA analysis results of polymetallic nodules
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Fig. 12 SEM spectrogram of polymetallic nodules
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Fig. 13 SEM-EDS spectrogram of polymetallic

nodules after cured with resin

AL A PRAR P B ZE A o 2% UM ZE A — B0 B
BT o R RS RV AE B R 3 A R o3
AL, R R B i & 4 . Hop, Bl ik iy 2f
DX 5 A, T (8 B TR A 37 IR R AR
FAEZ R A T2 G 0 47 DX it e AR, 5% 1t )

e
B 15 o

R12 AR ARERE CHOEE 2B

Table 12 Energy dispersive spectroscopy analysis at different points
SAHEIXER M Ca Mg Fe Co Ni Cu Zn Ti K Al p Si 0
1* 39.48 3.61 1.39 2.05 0.07 1.66 1.60 1.12 0.16 0.39 1.68 0.47 1.88 44.43
2* 40.30 4.31 2.08 3.05 0.16 1.49 1.18 1.24 0.17 0.76 1.63 0.72 2.97 65.96
3* 38.17 3.66 1.60 1.11 0.04 1.81 2.16 1.31 — 0.34 0.87 — 0.73 48.20
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Process mineralogy of typical deep—sea polymetallic nodules
Peng Jun, Wang Yuanzhi, Lu Xiang, Shang Haodong, Wei Yuxuan
(Changsha Mining and Metallurgical Research Institute Co. , Ltd. , Changsha 410012, China)

Abstract: Deep-sea polymetallic nodules are widely distributed on the seafloor, rich in manganese, iron, cobalt,
nickel, copper and other metal elements, and have significant economic value. In order to maximize the use of
these precious metal resources, this study conducted a systematic mineralogical analysis of deep-sea polymetallic
nodules. The research content covers chemical composition analysis, morphological characterization, phase
structure evaluation and microscopic observation. The mineral composition of nodules was systematically studied
by means of X-ray diffraction (XRD) , all element chemical analysis, particle size analysis, scanning electron
microscope energy dispersive spectroscopy (SEM-EDS) and Fourier transform infrared spectroscopy (FT-IR). The
results show that the main mineral components of polymetallic nodules are manganese olivine, manganese spinel
and nepheline, with low crystallinity. The chemical phase analysis shows that manganese, iron, copper, cobalt
and nickel mainly exist in the form of oxides. Iron ore mostly exists in the crust of nodules and core debris in the
form of fine-grained colloid or cryptocrystalline, which makes it impossible to achieve enrichment and separation
through mechanical separation. Silicon-alumina-bearing vein minerals such as quartz and feldspar are mainly
concentrated in rock debris, clay clusters, or dispersed in iron rich micro layers, further increasing the difficulty of
mechanical separation. The chemical composition of polymetallic nodules is extremely complex and contains many
elements. The total content of cobalt, nickel, copper (CO+Ni+Cu) and other precious heavy metals was 2. 28%,
and the content of manganese and iron were 28. 51% and 9. 06%, respectively. In addition, molybdenum, zinc,
vanadium, yttrium and other trace elements with potential economic value also exist in it. Because the authigenic
mineral particles in the polymetallic nodules are extremely small and the metal elements such as nickel, cobalt,
copper and manganese are closely symbiotic, the traditional mineral processing method is difficult to work.
Therefore, metallurgical processing has become the only feasible way to extract precious metals from deep-sea
polymetallic nodules.

Key words: deep-sea polymetallic nodule; extraction of precious metals; process mineralogy; block size analysis;

humidity analysis; chemical composition analysis; physical phase distribution; thermogravimetric analysis



