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Enlightenment of geochemistry on separation of
molybdenum and tungsten
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Abstract: Interdisciplinary and transdisciplinary researching is an effective approach for the innovation of theoretical and
technology. And there is a close relation between metallurgical and geochemical. The important research contents in
geochemistry, such as the properties, partitioning, distribution, migration forms, and occurrence of the elements in nature,
have been also attracted much attention in metallurgy. Taking the separation of tungsten and molybdenum in tungsten and
molybdenum metallurgy as an example, the enlightenment of geochemistry on the technology development of the
separation of molybdenum and tungsten was described. The results indicate that the relevant theories and research
achievements of geochemistry can provide new ideas for establishing new metallurgical theory and exploiting new
process, which have important referential significance and practical value.
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Table 1 Goldschmidt geochemical classification of elements
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Element

Type

Property of element

Lithophile element

Lithophile elements are those that remain on or close to surface because
they combine readily with oxygen, forming compounds that do not sink
into the core

W, Al Si, O, V, F, I, Cl, Br, Cr,
K, Na, Li, Ca, Mg, rare earth

Siderophile elements are high-density transition metals which tend to sink

Siderophile ] . [ . . . Fe, Ni, Co, Mn, Au, P, Mo,
into core because they dissolve readily in iron either as solid solutions or )
element ) platinum group metal
in molten state
Chalconhil Chalcophile elements are those that remain on or close to surface because
alcophile . . .
1 P ‘ they combine readily with sulfur and/or some other chalcogen other than Mo, S, As, Se, Cu, Zn, Ag, Pb,
element

oxygen, forming compounds which do not sink into the core

Cr, Te, Sb

Atmophile element

Atmophile elements (also called “volatile elements”) are defined as those
that remain mostly on or above the surface because they are, or occur in,
liquids and/or gases at temperatures and pressures found on surface

H, C,N, O, Cl, Br, I, noble gas
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Fig. 2 Sketch map showing locations of polymetallic
Ni-Mo-PGE-Au sulfide ore deposits in South China®* "]

Fig. 3 Textures of polymetallic Ni-Mo-PGE-Au sulfide layer™: (a) 5 cm-thick Ni-Mo-PGE-Au sulfide layer; (b) Intraformational

polymictic clasts with interlayers of black shale material; (c) Photomicrograph (reflected light) of sphalerite, chalcopyrite and

millerite intergrown with anhedral pyrite; (d) SEM back-scatter electron image of Ni-Mo-PGE-Au sulfide ore; Cpy—Chalcopyrite;

Mi—Millerite; Py—Pyrite; Sph—Sphalerite
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Fig. 4 Processes of Mo scavenging in anoxic marine environments®¥: (a) Adsorption of molybdate and tetrathiomolybdate on

pyrite; (b) Model of Mo scavenging in anaerobic coastal basins
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Fig. 5 Flow sheet of selective precipitation method for Mo
[41]

removal from tungstate solution
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Table 2 Experimental results of As, Sb and Sn removal by CuSH
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Fig. 6 Effects of metal sulfides for Mo removal from tungsten
solution: (a) Na,WO, solution (200 g/L WO;, 0.77 g/L Mo,
pH=7.6); (b) (NH,),WO, solution (150 g/L WO,, 0.7 g/L Mo,
pH=9.4)

TBRAE T2 5 BT A A S R4 (APT) ™ i (H) 2% I8 1 1)
P R AR T AR HAE 2 RS ITAS APT
7 at, RIVELFIER Asy Sn A1 Sb &R
EREPEDTIEVERR T HA =t 2B Mo As. Sn
HlSb ZEIL TR, IEXTEE JFORL AR R R
A ARG PG AERT 3 B AN S AR (ILEE 3)s
AR A B T2 A BRRRACA SRR, SR A BT v

Mass fraction/%

Property
As Sn Sb
Impurity content in APT obtained without de-molybdenum 35%10° 50X 107° 12X107°¢
Impurity content in APT obtained after de-molybdenum 6X107° 5X10°° <1X10°
Impurity removal rate/% 82.9 90.0 >91.7

Concentration of (NH4),WOj, solution is 200 g/L WOs; contents of impurities As, Sb and Sn are all 0.1 g/L.
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Table 3 Composition of tungsten ore used in commercial-scale test
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Pb*"\ Sr* I Ca’ I}, 5L R RS IR BRI R 1
PRGERES T VU )T i 2R TR VRS B o KRR 220 5T,
B RN 12 R R G AE DY J5 R R ) 2. A

Mass fraction/%

Plant Raw material Decomposition method
WO; Mo As Sn
A Shizhuyuan scheelite 74.0 076 _ <0.04 Mechanlca.I .actlv.atlon alkaline
concentrate decomposition—ion exchange
B Scheelite 65 - - - Acid decomposition—ammonia leaching
C Low grade tungsten ore 34.0 0.3 0.8 12.0 Soda sintering—ion exchange

F4 BRI ER

Table 4 Test results of molybdenum removal

Sample  Batch treatm3ent Composition of raw solution/(g-Lfl) Coii?iizg);(()gff}ll;lﬁed ii;:;;gui
No. amount/m WO, Vo WO, Mo removal/%
A-1 325 204.9 0.625 201.2 0.005 99.18
A-2 325 208.9 0.535 203.3 0.006 98.79
A-3 325 209.2 0.891 200.0 0.004 99.51
B-1 14.5 226.3 2.550 183.4 0.012 99.42
B-2 18.0 205.0 1.053 186.5 0.015 99.43
B-3 18.0 196.3 0.762 186.3 0.017 99.64
C-1 6.7 170.3 0.601 156.4 0.009 98.37
C-2 6.7 205.2 0.710 188.6 0.011 98.32
C-3 6.7 200.3 0.681 181.2 0.004 99.25
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Table 5 Quality of APT product!*

Mass fraction of main impurities/10™*

Plant Crystal rate/%
Mo Sn As Si Ca Mg Sb Fe Cu
10.0 <1.0 5.0 7.0 6.0 5.0 3.0 8.0 <3.0 96-97
9.0 <1.0 7.0 8.0 5.0 5.0 4.0 7.0 1.0 95-98
11.0 <1.0 8.0 9.0 3.0 6.0 <1.0 7.0 <1.0 >95
6 WM THNBHA )
Table 6 "+ values of some cations'*’
Cation  Ba® Pb** Sn* Sr** Ca** Mo Hg* cd* Mn?* Fe** Co™ Ni**
yo 11.55 14.24 14.64 16.14  22.06 2446  30.99 3334 4031 4445  49.71 55.85
Cation Mg*  Zn*' cu' Be* Th* zZr* Pb* Ti* Sn*" Ge*' Si* ct
yo 61.10 6130  65.88 131.01 32.61 56.33 69.89 9482 10131 175.10 225.65 716.44
Cation Ta™  Nb*  Sb™ Vo AST B N** W Mo o™ se™ s*
yo 76.40 9091 145.66 153.77 254.66 344.73 1254.62 107.02 123.62 217.79 34936 520.77

BT a(Mo)n(W)iE 1/1.4, & S EHIASRIFRE (18
o deAh, BET AR TR A AR, o n(Mo)/n(W)
ALK 1, B SRS AR R A T 4B BTk
NBHEEN Mn*', Fe*'. Co™'. Ni*'Fl Zn*'if, I
PR R VIR SR8 AL R, BB, S 4h,
SRS H Co®', BB RVEH IR #13 h —R & .
KR, W ME T ISH RN BIAR L, R R AN
BHIR AR A AR TR R AN BT A, I A 44 e DY 7

T ABO, RUBSIRERAVEIR £ 0 PR 4 1 55 5L
SRR R
Table 7 Relationship between y

n+

ot of divalent cations and

crystal structures of ABO,-type molybdates and tungstates!"!

Cation Yorb Tungstate Molybdate
Ba®' 11.55 Tet Tet
Pb*" 14.24 Tet Tet
st 16.14 Tet Tet
Ca* 22.06 Tet Tet
cd* 33.34 Mon Tet
Mn** 40.31 Mon Mon
Fe* 44.45 Mon Mon
Co* 49.71 Mon Mon
Ni* 55.85 Mon Mon
Zn* 61.30 Mon Mon
Cu® 65.88 Tric Tric

Tet represents tetragonal system; Mon represents monoclinic
system; Tric represents triclinic system.
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