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Abstract

As a fundamental study for the separation of vanadium and tungsten from the leaching solution obtained from the soda roast-
ing and water leaching process of spent SCR (Selective Catalytic Reduction) catalyst was carried out. The precipitation behaviors
of vanadium and tungsten using the artificial solution (V: 1 gL™!, W: 10 gL ™!) was investigated depending on temperature,
NaOH concentration and the amount of CaCl, (aq.) added. V (aq.) was selectively precipitated at lower temperature than 293
K while tungsten also was precipitated at higher temperature. Precipitation rate of V and W was decreased by the increasing
concentration of NaOH. On the other hand, excess Ca addition induced the increase of precipitation rate for V and W due to
the formation of Ca(OH), following the pH decline. The response surface methodology was employed to optimize the selective
precipitation. Vanadium of 99.5% and tungsten of 0.0% was precipitated at 0.5 mol-L™" of aqueous NaOH and 1 equivalent ratio
of CaCl, at 293 K.
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Fig. 1. The precipitation efficiencies of calcium, vanadium
and tungsten at room temperature with 0.75 mol-L™
NaOH and Ca/(V+W)=1.0.
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Fig. 2. The effects of temperature on the precipitation
efficiencies of vanadium at 283-353 K with 0.75
mol-L™! NaOH and Ca/(V+W)=1.0.
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Fig. 3. The effects of temperature on the precipitation effici-
encies of tungsten at 283-353 K with 0.75 mol-L™!
NaOH and Ca/(V+W)=1.0.
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Table 1. List of variables and levels used in this test
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High
(+1)

NaOH concentration

(oL, X, 03 | 05 | 07

the amount of CaCl,(aq) added

(eq. ratio of W and V), X, 0.3 1.0 1.3
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Table 2. Experimental conditions (in uncoded terms) and

results
- Conditions Observed results
Order X, X, Precipitation | Precipitation pH .
of W (%) | of V (%) |of solution

1 0.3 0.5 0.8 81.7 13.11
2 0.7 0.5 0.0 89.1 13.39
3 0.3 1.5 78.5 99.5 13.04
4 0.7 1.5 0.8 99.2 13.30
5 0.3 1.0 42.1 96.4 13.09
6 0.7 1.0 0.0 98.8 13.35
7 0.5 0.5 0.0 86.9 13.29
8 0.5 1.5 459 99.3 13.24
9 0.5 1.0 0.0 99.5 13.31
10 0.5 1.0 0.0 99.5 13.30
11 0.5 1.0 0.0 99.5 13.30
12 0.5 1.0 0.0 99.4 13.31
13 0.5 1.0 0.0 99.5 13.32
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Fig. 5. The contour plot of the precipitation efficiency of
vanadium vs. CaCl, and NaOH.
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Fig. 6. The contour plot of the precipitation efficiency of
tungsten vs. CaCl, and NaOH.
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RN EERED 47

SHAds)] vhtg AAE 98% o])\]- H2E JAE 5%
olsl}l 175 Fig. 7= YERth. 2™l & < e
uke} 7Z+o] 0.5mol-L™! NaOH, 1 B Z4 H7pl &
AsiH, o]Ett NaOH ¥=¢ Zg H7bge] wom
viuEe] Fdgo] AL NaOH s=F 2 H7t
Fol =& A5 ke viEd Bade] JHes
£ 5 %o NaOH9F Z+o] LR go] FolAle &
z%o] oh;]_.

o
X

4.

Ly

=2
[

2ZA Sule] AmjArER e JEgonT
g $HEo] de v 829 F HM%“P e
o= A, B f% 8
= BAKE vhg, 92 3 °‘%}EI%— < AZ3
AREEIAAL, CaCLE &
St A}b &1} dHH EHEAY
g3t wele HHERUS
+3 2o

1. 0.75mol'L™! NaOH &o 1 &% Z¢ FH7}
Al 293 K ©]3te] &L oAE B2HE g8 = o}l
3, vpER Aok 2y 2w
313K o138 Bl ﬂvﬂ H7st7) ARete 353
K A 97.2%2] ®2wlo] M= At

2. 0.5~2.0mol'L™' NaOH &} 3 vh}Ez gzl
< Y ] A4 A7t Al NaOH §=7F =555
T wE BF Hgo] vobd vt oyt whg
o] 4 ;‘<47} Al 2mol-L™! NaOHoﬂH

5 95.7%, 1 mol'L™" NaOHol A} 96‘9%—4 AAEE
YERTH

3. 0.5~2.0mol'L™! NaOH &) Zrg H7lego] B
oL E Yyadlx 3 HAsle] Eelago] ol
3 el 24 F7ME Ca(OHLE AAstEE 24
st o] M7t F83lth

4. FEEHY EAo2HE uhlEd §ade] #e
= 293KolA 0.5molL™' NaOH, 1 B Z H7})
7t Asigion, o] W vhre Badle] Jdege 7}
99.5%%} 0.0%= LERATH

INEIE

AdEe1ZH A 26 A A 4 5, 2017



48

SAA GG e N EAIA ] A el| olste] AFEAL

2

10.

ole] ZRAI=FUTHEAIME: 2016002230002).

References

. Hong-Yoon Kang, 2015 : Review and prospect of the

remanufacturing industry of Korea, REWAN 2015.

. Dong Wook Kwon and Sung Chang Hong, 2016 :

Selective catalytic reduction (SCR) technology trends for
the nitrogen oxide removal of exhaust gas, Korea
Industrial Chemistry News, 19(5), ppl2-24.

. Korea Institute of Geoscience and Mineral Resources,

2016 : Technical development on the process for commer-
cialization of rare metal recovery from the spent deNOx
catalyst and the spent automobile catalyst, R&D/GT-11-C-
01-230-0

. Adrian Marberger, et al. 2015 : Surface coverage optimi-

zation of V,05/WO5-TiO, SCR catalysts by variation of
the V loading and by aging, Catal. Vol.5, pp1704-1720.

. Korea Envionment Instutute, 2011 : Study on institutional

and technical supporting plans to activate resource
recirculation of rare metals of waste metal resources.

. Kyung Ho Park and Seong Wong Hong, 1992 : Extraction

of vanadium from the metamorphic black schists in the
Okchen basin by NaCl roasting, J. of Korean Institute of
Mineral and Energy Resources Engineers, 29(5), pp301-
315.

. Kyung-Ho Park, 1992 : A study on the leaching of

vanadium and nickel from heavy oil fly ash, J. of Korean
Inst. of Resources Recycling, 1(1), pp29-36.

. Kyung-Ho Park, et al., 2004 : Leaching behaviour of

vanadium from orimulsion ash, J. of Korean Inst. of
Resources Recycling, 13(4), pp32-38.

. V. Dimitrijevic, M. Dimitrijevic and D. Milanovic, 2004 :

Recovery of tungsten from low-grade scheelite concentrate
by soda ash roast-leach method, J. of Mining and
Metallurgy, 40A(1), pp75-89.

Jong-Dae Lee, Yeung-Hyo Park and Tae-Jin Lee, 2003 :
Tungsten recovery from the hard metal scrap and quality
recovered

enhancement technology development of

tungsten with using a catalyst, Prospectives of Industrial

J. of Korean Inst. Resources Recycling Vol. 26, No. 4, 2017

12.

13.

14.

15.

16.

20.

21.

22.

23.

Chemistry, 3, pp3-7.

. Hye-Rim Kim, Jin-Young Lee and Joon-Soo Kim, 2012 :

Leaching of vanadium and tungsten from spent SCR
catalysts for De-NOx by soda roasting and water leaching
method, J. of Korean Inst. of Resources Recycling, 21(6),
pp65-73.

J.H. Pee, et al., 2015 : Extraction factor of pure ammonium
paratungstate from tungsten scraps, Archives of Metallurgy
and Materials, 60(2), pp1403-1405.

Hye-Rim Kim, 2013 : Recovery of valuable metals from
spent SCR catalysts for de-NOx by soda roasting and
solvent extraction, University of Science and Technology,
Master Thesis.

L. Luo, et al., 2003 : A novel process for recovery of
tungsten and vanadium from a leach solution of tungsten
alloy scrap, Mineral Engineering, 16, pp665-670.

Li Luo, et al., 2004 : Recovery of tungsten and vanadium
from tungsten alloy scrap, Hydrometallurgy, 72, pp 1-8.
Thi Hong Nguyen and Man Seung Lee, 2014 : Separation
of vanadium and tungsten from sodium molybdate solution
by solvent extraction, Industrial & Engineering Chemistry
Research, 53, pp8608-8614.

. Douglas C. Montgomery, 2005 : Design and analysis of

experiments, pp 405-407, 6" Edition, John Wiley & Sons,
INC.

. Minitab version 16, 2010, Minitab statistical software.
. Allen J. Bard, Roger Parsons and Joseph Jordan, 1985 :

Standard potentials in aqueous solution, pp507-515,
Marcel Dekker, INC.

Li Honggui, Yang Jiangao and Li Kun, 2010 : Tungsten
metallurgy, pp58-59, www.csupress.com.cn (in Chinese)
Li He, Liu Xu-heng and He Li-hua, 2014 : Thermodynamic
study on vanadium precipitation with calcium salt, CNKI,
Vol. 42, No. 1.

Richard Marvin and George B. Magin, Jr. 1959
Geological survey professional paper 320 Synthesis of
calcium vanadate minerals and related compounds, pp103-
107, United states government printing office, Washington
A Handbook for Extractive Metallurgy of Nonferrous
Metals, 1999 : Rare high melting point metal, pp33,
Metallurgical Industry Press, Beijing



=
L=

@ze] 8 F CaCl, 7ol o9 Wil nhge] £

z 8 5 2 g
<2014 st e oA AL F3 FEAE +2008 SHETsh FHo)et S-8-aA) st AL
2016 gl ggta kel s FolixA LT ett FEAIA 2010 FePrieAgstd ey Adeshest AL
« 37 A AALDATY DMRE AT A=A} « JA) HAI|eAg st s Aedes vk
a4 d 3 Z 8
« A FHAEAL AT AT 2000 A3t Fao) et sshyeta FsAt
< 3R] A25E 13 Fx 2002 A3k gk slehastat AL
o A IHFAHEALIATY DMREFATE A2
Z 5 A o & ¥

o A FFAAALAATY DMRE AT AU+ o A A AAAATY DMREEATE A+
« 3 813 A26d 33 Fx o3 3R] A25W 43 F=x

AdEe1ZH A 26 A A 4 5, 2017

49



