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Flotation technology and adsorption mechanism of
vanadium extraction from stone coal

SUN Wei, WANG li, CAO Xue-feng, LIU Rui-qing, XU Long-hua, HAN Hai-sheng

(School of Mineral Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: In order to avoid the problems of pollution and low recovery in the conventional process, the flotation was
adopted in the treatment of stone coal containing vanadium before leaching on the basis of mineralogical analysis. The
proper flotation route was proposed based on condition experiments and closed-circuit test. The method of molecular
dynamics simulation was used to study the adsorption process of the collector on roscoelite and quartz, providing a
fundamental understanding of the flotation mechanism. The results show that the primary vanadium mineral in stone coal
is roscoelite, while the main gangue is quartz. Roscoelite concentrate is eventually obtained with V,05 grade of 3.20%
(mass fraction) and the recovery of 74.50% by a flotation closed-circuit process. The collector is easy to be adsorbed on
the surface of roscoelite (001), while hardly on that of quartz (001), which leads to the flotation separation of roscoelite

and quartz in stone coal.
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Table 1 Main chemical composition of stone coal ore (mass
fraction, %)
V,05  CaO C S Si0,  ALO;  Fer
.10 1.76 2.26 0.12 8834 2.5 1.23

= — Quartz

4 — Roscoelite
+ — Kaolinite
e — Limonite

10 20 30 40 50 60 70
20/(°)
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Fig. 1 XRD pattern of stone coal ore
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Table 2 Phase analysis of results vanadium raw pre
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FHE S SE B0 4 ] 2 Fron it REdb AT, Tl k0 g
GUFE. pH (L VREET LR H . HH R0 K 38 38 H

Phase of vanadium Grade of  Distribution of
V,05/% V,05/%
Iron oxide and clay mineral 0.70 37.11
Roscoelite 1.19 62.28
Electrical stone and garnet 0.01 0.61
Total vanadium 0.99 100.00
Feed
Milling
HCl
Water glass
Collector T
2% oil
Rough concentrate Tail

B2 AR

Fig. 2 Flowsheet of flotation condition test
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Rough concentrate
Water glass: 500 g/t

Water glass: 500 g/t

Middling 4

Middling 3

Middling 2

Concentrate Middling 1
Fig. 3 Flowsheet of concentrating circuit flotation
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Table 3 Test results of concentrating circuit

Grade of  Recovery of

Product Yield/% V,05/% V,0%
Concentrate 22.93 4.50 51.28
Middling 1 10.13 2.14 10.77
Middling 2 13.30 1.68 11.10
Middling 3 22.20 1.30 14.34
Middling 4 31.44 0.80 12.50
Rough concentrate 100.00 2.01 100
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Fig. 4 Flowsheet of closed circuit flotation of stone coal ore

Water glass: 100 g/t
Collector T: 50 g/t
2% oil: 10 g/t
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Table 4 Test results of closed circuit flotation of stone coal ore

Product Yield/% Grade of V,05/% Recovery of V,05/%
Concentrate 24.74 3.20 74.50
Tail 75.26 0.36 25.50
Feed 100.00 1.06 100.00

0.05 Al0.02 V0.83 Mn0.03 Fe0.07

Es RabkikaiirEk

Fig. 5 Schematic diagram of roscoelite crystal
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Fig. 6 Adsorption model of collector T on roscoelite (001):
(a) Initial adsorption model; (b) Final adsorption model
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Fig. 7 Adsorption model of collector T on quartz (001):
(a) Initial adsorption model; (b) Final adsorption model
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Table 5 Interaction energies calculated for collector T with

roscoelite and quartz

Total Reagent Surface  Absorption
energy/ energy/ energy/ energy/
(kImol™)  (kJ'mol™) (kJmol™) (kJ'mol™)

Mineral

Roscoelite
(001) 37 534.62 10.84 37 571.62 47.83
Quartz . _
(001) 49 536.73 0.35 49 538.1 1.02
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