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Study on selective separation of vanadium, titanium and tungsten from
spent SCR denitration catalyst
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Abstract: Titanium was selectively separated from waste SCR catalyst by NaOH leaching, HCI leach-
ing and sodium carbonate roasting followed by water leaching, respectively. The results show that ti-
tanium can be separated from vanadium and tungsten by sodium carbonate roasting and water leaching
of the catalyst. The optimum process conditions are as follows: roasting temperature 850 °C, roasting
time 3 h, mass ratio of sodium carbonate to waste catalyst 1.3, leaching temperature 95 °C, leaching
time 1 h, stirring speed 500 r/min. The leaching rates of V, As and W are 52.26%, 98.24% and 99.9%,
respectively. High efficient titanium extraction can be achieved by leaching sodium roasting slag of the
spent SCR catalyst with sulfuric acid. The optimum conditions are as follows: 40% sulfuric acid, liquid-
solid ratio 4 : 1, leaching temperature 90 °C, leaching time 3 h, stirring speed 500 r/min. The leaching
rate of titanium is 93.4%. Metatitanic acid was prepared by hydrolysis. The hydrolysis rate of titanium is
94.05% and the purity of metatitanic acid is 94.07%.

Key words: titanium extraction, spent SCR catalyst, selective separation, NaOH, HCI, sodium carbon-
ate roasting, water leaching
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Table 1 Chemical compositions of spent SCR denitration
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Al As Fe K Mg Si Ti \Y% W
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Fig. 1 XRD pattern of spent SCR catalyst
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Fig. 2 Process flow of selective separation of V, Ti and W
from spent SCR catalyst
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Fig. 3 (a) E-pH relationship of V-Na-H,O system; (b) E-pH relationship of W-Na-H,O system; (c) E-pH relationship of As-
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Table 2 Contents of elements in leaching solution of spent denitration catalyst leached by NaOH

BN TTR S i/ (mg L)

NaOH#JE/(g-L™)

12 AR /mL

Al As Mn Mo P S Si Ti 4 w
50 330.7 148.9 0.25 8.51 10.08 1048 1415 0.41 388.2 838.2 198
100 545.1 176 0.33 11.13 9.81 1220 2 409 091 463.4 1405 170
200 292.1 207.6 0.46 14.78 11.62 1322 3645 4.78 569.2 2418 160
300 497 184.3 0.55 12.61 8.94 1148 4185 18.93 510.2 2629 188
ool th &1 S 7T, B2 NaOH ¥ T35, 2 thiig
L As. VI W GBI . 4 NaOH Wk JE
80 1 300 g/L i, V. As Al W 132 H R 551 8 50.88% .
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Fig. 5 Leaching rates of main elements at different NaOH
concentrations
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Table 3 Concentration of elements in solution of spent denitration catalyst leached by HCI solution

RHWrh AT E SR/ (mg L)

R K0 % A e a < Mg S S - v W B AABYmL
10 1247  27.57 170.4 167.9 2193 792.3 69.43 1152 2763  0.62 230
15 146.5 33.01 183.6 170.2  23.76 792 3345 2184 2906 243 219
20 114.2 27.8 169 148.9 18.78 699.8 1848  360.2  270.6  5.09 240

R4 RERRHERMEECHEELRRHE
Table 4 Leaching rate of main elements in waste denitra-
tion catalyst leached by hydrochloric acid

) ¥R /%
SRR i 530 % e v ? v
10 18.12 33.71 0.02
15 20.65 33.76 0.08
20 19.06 34.45 0.19

HH 3¢ 4 nl R, Bl SRR B B e, A5 00K
HIR R AN, M ER IR T B 20% B, V
As F1 W 193z 8535k 34.45%. 19.06% . 0.19% .
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MR 5% SCR Bims bR Bt tb ol 1.3 F1 1.4 B94%
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Fig.7 Effect of mass ratio of sodium carbonate to spent
denitration catalyst on leaching rate of main ele-
ments
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MR B -5 AR A AL R B Lok 1.3 B, vV, As AW
2 H RN 52.26%, 98.24% F11 99.9%., A T
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Table 5 Chemical compositions of spent SCR denitration catalyst and the leaching residue %
Al As Ca Fe K Mg Si Ti \% w
i AR 1.03 0.14 1.06 0.30 0.12 0.13 4.32 45.12 0.75 2.59
2 i 0.02 0 0.70 0.22 0.021 0.071 0.16 38.88 0.31 0.07
3.3.3  JE SCR LRI bt iR I2 44k ISR 3 h, W& HE 4:1, 40% BRIR S50 T #EAT IR IR )
BT N7, SR E, ik, vk RIS TR &
IREAR SRR R AR RO 90 °C, R EEILER 6, Bl WLk 7,
Fz 6 WMERFEH Na,CO, EREBRERETLHEKRE
Table 6 Concentration of elements in leaching solution of Na,CO; roasting residue leached by sulfuric acid mg/L
Al As Ca Cr Fe K Mg Na Si Ti \Y% w
238.3 0 827.1 3.12 210.9 15.56 156.8 22 540 1 441 80 550 1155 52.75
=7 WBERIRH Na,CO, ERBMEBR S 7
Table 7 Chemical compositions of tailings from sulfuric acid leaching of Na,CO, roasting slag %
Al As Ca Fe K Mg Si Ti \% w
0.13 0.007 5.53 0.10 0.044 0.025 0.36 48.88 0.42 0.43
BRI AT e (P 8 JIT7R) S 4 )m, S BBy A0 A BR A I (R 230 1 X A R 2 92
B HERD, RIS FE 0 SR T T/ SCRAEAFI AN ALK e it #E1T RGALES) o i
N 27 KRR B TEITRIE R 48.88%, 1] ICP Bl M h TR & &, ROt R R &
PAE o i — 2P A S 0 (B s R R PRI BE Y 78 N 93.4%.
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Table 8 Element content of solution before and after hydrolysis

A R S/ (mg L)

BUL
G Al As Ca Fe Mg Na Si Ti \Y w
K it 0.42 37.12 0.11 463.20 49.79 62.32 7 346 336.50 9420.0 115.90 3.21
KRG 1.03 10.29 191.80 12.62 20.46 3301 115.90 228.7 2.71 1.15

2R AT R 7K A 2R 94.05% . 80 °C Mt
PR3 B [EAR 20 BT W32 9, 2334115, ImEKIR Y
4lifE R 94.07%. X% 9 v B Tl LR A Tolk ek

MBS LA T T XEEE, A il R A BOCR VLT
TP AwERER, Si. W ITER A i il e, Jo S b 7
XHE A TR R AL BE

®9 BERMEIERKERRS 2T

Table 9 Chemical compositions of metatitanic acid prepared by in-situ seed %
25 Al As Ca Fe K Mg p Si Ti \ W
H il kR 0.005 0.001 0.049 0.080 0.085 0.013 0.003 0.318 46.078 0.384 0.018

Tl kiR 0.003 0 0.021 0.085 0.070

0.005 0.067 0.021 49.556 0.473 0.005

4 %

P T —FhE AR BUK SCR LT R BT R
7%, BT T S AR R AL $hIRR
HRHEALH . BT e -/ R AR PR ) B R
HIBIFSE, B5E 1 R 8 125 SRR HEA T TR
T R PR BRI ST B BRI 1 A I i i 26 B PR
AIBEFE . IXIRAS AR, i 120712 ] ASEBUR SCR
AR S P, BR B AR BUASSIBITT:

)R B =R BBk T5 vk (A AL Bl iR
B2k

WIEAET] SRR R AR IRIR AN KR
JEREALT) T, BRER MRS 8- 7K 2 T IR AT, v,
As FI W BYIZ R A3 50R 52.26%, 98.24% F1 99.9%,
FEARSIIER S V, As T W 1535,

2) RHBRIRIE R W AR AR B AR i, BT
R EICRAT IR 93.4% ., BHLR W 5RF R ROV IR
& 90 °C, N FIE] 3 h, B EE 4 0 1, 40% BRiR, $id
FEHF 500 r/min,

3) SR A A SRR K S £ R BRI AF 5T, K
HI7K AR 94.05%, TERIRAILERE N 94.07% .
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