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Fig. 1 Schematic diagram of sub-molten salt method for

processing vanadium slag
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Fig. 2

extraction of vanadium and chromium by sub-molten salt

50 kt/a demonstration project of high efficient

method
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Fig. 3 Evaluation index system of high efficient extraction and cleaner production of vanadium and chromium by

sub-molten salt method
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Table 1 Chemical composition of common vanadium slag in world

Mass fraction/%

Vanadium slag source

V505 Fe, 04 Si0, CaO ALO; MgO Cr,04 TiO, MnO

Chengde 8.37 42.2 17.19 4.44 2.12 2.70 4.47 8.70 7.40
Panzhihua 15.31 34.79 13.99 1.68 6.56 3.98 391 11.93 7.85
South Africa 21.29 35.21 15.08 2.13 5.22 2.17 3.42 12.66 2.82
Finland 34.51 38.23 11.77 1.36 0.82 2.15 1.08 3.55 4.95
Panxi 20.56 34.58 8.61 6.90 2.56 0.89 10.40 8.35 7.15
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Table 2 Weight and reference value of evaluation index system of SMS V and Cr co-extraction process

Index wi Xep Unit Basis Xeeati” 54
Fresh water consumption 0.0484 20 m’/t V,0s5 Advanced level 5.57 1.000
NaOH consumption 0.0497 2.63 t/t V,0s5 Theoretical value 2.64 0.996
CaO consumption 0.0087 2.51 t/t V,0s5 Theoretical value 2.56 0.980
Ammonium consumption 0.0052 1.33 t/t V5,05 Theoretical value 1.36  0.978
Energy consumption per unit 0.0628 4500 kecelt V,0s Discharge stan.dardiof pollutants 4400 0.900
product for vanadium industry
Vanadium in residues 0.0484 1.5 % Advanced level <1% 1.000
Chromium in residues 0.0242 1.5 % <1% 0.994
Recovery of vanadium® 0.0362 80 % Advanced level 87.1 1.000
Recovery of chromium 0.0289 5 % 87.29  0.994
Level of process and equipment’  0.0490 1 / Interpatlonal leading te.chnok)gy 8 0.8
equipment advanced in China
Discharge of waste residue 0.0418 / t/t V,0s5 0 1
Discharge of waste water 0.0782 20 m’/t V,0s g 0 1
Discharge of waste gas 0.0572 150000 m’/t V,0s g 0 1
Concentration of SO, outlet 0.0431 700 m’/t V,0s g 0 1
Particulate matter discharge 0.0214 100 m’/t V,0s g 44 1
Discharge of Cr** 0.0535 5 g/t V,0s Comprehensive discharge 0 1
standard of sewage
Recycle utilization rate of 0.0469 100 % Advanced level 100 1
industrial wate
Utilization of solid waste 0.0412 100 % Advanced level 100 1
Utilization of ammonia 0.0248 100 % Theoretical value 98% 0.98
Utilization of waste heat 0.0358 1 Advanced level 1 1
Grade of V,05 0.0356 98 % Advanced level 99.5 1
Grade of sodium chromate 0.0244 98 % Advanced level 98 1
Implementation of environmental 0.0244 | 0.9
Impact assessment system
Impl‘ementatlon of } 0.0220 1 |
“three simultaneousness
Implementation of total emission 0.0290 | |
control of pollutants
Implemen.tatlon of cleaner 0.0406 | |
Production assessment
Implement safety production 0.0186 | |

Responsibility system

a: W; is weight value of evaluation index i. b: X, is reference value of evaluation index i. ¢: X, is real value of evaluation
index i. d: S; is score of evaluation index i. e: Bold means positive index. f: Underline means qualitative index. g: Discharge

standard of pollutants for Vanadium Industry.
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Assessment for cleaner production of vanadium and chromium
co-extraction from vanadium slag by sub-molten salt method

WANG Shao-na', LU Ye-qing', LIU Biao', DU Hao"*>, WANG Hai-xu’, WANG Xin-dong*,
LI Lan-jie’, ZHANG Yi'

(1. CAS Key Laboratory of Green Process and Engineering, Institute of Process Engineering,
Chinese Academy of Sciences, Beijing 100190, China;

2. International College, University of Chinese Academy of Sciences, Beijing 100049, China;

3. Chengde Iron and Steel Group Co., Ltd., HBIS Group Co., Ltd., Chengde 067102, China;
4. HBIS Group Co., Ltd., Shijiazhuang 050023, China)

Abstract: The traditional sodium roasting process has a number of disadvantages including low vanadium and
chromium extraction rate, generation of waste water and toxic residue. Recently, a new vanadium production
process based on the sub-molten salt (SMS) technology was developed by IPE, CAS and HBIS Group Co., Ltd.
And a 50 kt demonstration plant was built in 2017. After two years operation, many reliable industrial data were
obtained. In this paper, the cleaner production level of new technology was analyzed by selecting six first-class
indexes, i.e. resource and energy utilization, production technology, pollutant discharge, comprehensive utilization
of resources, product characteristics, environmental management and 27 second-class indexes under them. The
analysis results show that the cleaner production level of new process is 98.02, which means that this technology
belongs to high level of cleaner production. The new technology could realize efficient extraction of both
vanadium and chromium under mild reaction condition, providing technical supports for the effective utilization of
the 3.6 billion tons of high-chromium containing vanadium titano-magnetite ores in China and can be the green
production leader of vanadium chemical industry.

Key words: sub-molten salt; vanadium and chromium co-extration; cleaner production; vanadium-titanium

magnetite

Foundation item: Projects(19044011Z, 20373808D, 206Z4401G, B2019318015) supported by S&T Program of
Hebei, China

Received date: 2020-03-27; Accepted date: 2020-12-04

Corresponding author: DU Hao; Tel: +86-10-82544857; E-mail: hdu@ipe.ac.cn

(wiE E

industry[D]. Chengdu: Southwest Jiao tong University, 2013.

8)



