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Research Progress of and Discussion on Clean Metallurgy and
Purification Techniques for Tantalum and Niobium

HAN Guihong, SUN Hu, CHE Yusi, HE Jilin

(Zhongyuan Critical Metals Laboratory, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Tantalum and niobium are crucial strategic metals. Amidst the escalating demand for advanced
materials in high-end manufacturing industry and the profound implementation of the green development
concept, the purification and refinement of products as well as the cleanliness and circularity of processes
have emerged as pivotal transformation goals for the hydrometallurgy of tantalum and niobium. In this
paper, an overview of the characteristics and current utilization status of primary and secondary tantalum
and niobium resources in China was provided. The latest advancements in green decomposition technologies
for tantalum and niobium raw materials, separation and purification techniques for tantalum and niobium
solutions, and value-added utilization technologies for metallurgical wastewater were systematically
introduced. The advantages and disadvantages of each technology were compared and analyzed according to
industrial practice, and the prospects and suggestions were put forward from the aspects of resource
security, technology development direction and comprehensive pollution control, so as to provide support
for the sustainable and high-quality development of tantalum and niobium metallurgical industry.
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Table 1 Basic information of tantalum and niobium mines in China and overseas holdings
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Table 2 Summary of types of secondary tantalum and niobium resources and methods for their enrichment or extraction
ZWRBR Mg E R T A s R U CEET IV E3 &
0.29% Ta.0.58% Nb JE e — IR — TR 12 T ey gL 3.75% Ta.3.57% Nb
0.23% Ta.0.47% Nb NaOH-HCIO, 2 i} Hi & $£20] 0.79% Ta,1.28% Nb
Bt 0.23% Ta,0.47% Nb Kb — NaOH/H; PO, 3 ) 751 5 #2021 0.85% Ta.1.45% Nb
11%(Ta,Nb),Os Tk 7 e AL B TR I e 4R 4H 4R 22 34.69% (Ta,Nb),Os
4.0% Nb NH, F-HClLiR & 2 H i 2s 100%
s 0.30% Ta,0.48% Nb BT i — KR A H e 1.5% Ta.3.72% Nb
TR B 6.1% Nb T R % e — B TR I 4R B4R 92%
SALEK T A 2.4% Nb R R 4R e 90 %
TiCly kb3 0.23% Ta.2.23% Nb 3 e — HCL 5 2 45 40 426 5.57% Ta.53.4% Nb
By An & 26.7% Ta,14.8% Nb 3 15— A UE: JUH 48 127 99 %
36.49% Ta FLS I ML A) B e R AR T 72% Ta
I H 75 2 22% Ta i F P B 1 — 94%
1.1% Ta R P Bl B A R R R AR 20 98%

2 RBRBRAGE S BEKR

ARG B — LR BN W A A O
Pev i E N, LB S HAb H o w12y 1%
GE o3 i H R 5 1 FE R B SRR - 45 A 5 BB A R
TSR T R T S R I 8 55 0 Al R A

T ~F )

LRI PR ZER LR AR TV (H A A R B T7 10

2.1 TRERS X

B — TR R A3 A 1558 FH T Ak B — SR 47 4 B D
Ko BAEED R TRBED (T Ta, O 3.59%0)
R HNERE T Z S8 7 YR JE 25 pm,
H, SO ¥ 10 mol/L B Bt [k 2.5 ¢+ 1 A5 5EIR
JE 300 C K5 BE I H] 4 ho e 5% 45 R BRI R AT Gk
89 %0, WL VE S Xt B R 43 A BH HE R A T 1 BL B



+ 8 - A 1048 GREEE) (http://ysyl. bgrimm. cn)

2024 4EEE 11 W)

HEAT THFSE, & B SnO, . AL SiO; Fil SiO, § 1 A~
SRR MnO Fl Nb, O, # H 5 B B2 52 7 V%5 i 5
4 mol/L By IR ¥k LA IR 0 W) 245 44, s ik 1R o xf LA
R PEH ) s Nb-SO, & Nb 3d B iy &5 R T
Ta-SO,7E Ta AL FUIE b 0y 5 e, 156 BT 98 AR X T80 B
Ty B fift

H T8 TR R v B A B T LR
VSV TP A BB 43 B B R 0 S B T DAL R 4 A 1k X
PR VR AE PR A, 8 R T A AN A
PREE M (& Nb,O; 6.1%) . JF &K T BB e — 5L
PR — A 25 A )RR 4l T2, LR i & 2
JIT7R o 5 38 2 B R 6 B /K Y B 25 T 5 Ik B IR R 5 1
R R (N235 AL A R - il TR e S A A5 B
YW 5 e J5 78 25 JBURE 4% R AR B 7 . I
T 2R R R 43 M R0 4R 8 -5 B R K R o Ak
12 NSl AR L H O e B A B R 2 A
B PRR . 7 1 38 R A0 A% ¢ e o R TC 25 AH I 19 [ i

#%

LiGEST
B |<— e

K —(sz_\
Tk Wil

R
Bl | RHBTR AR

[t ] e | mim —] mviims
i |

|ﬁHL$Hﬂ¢$|<—| S |<—fi*ﬁfﬁlJ(HN0‘/NH4xo‘)

— B

bl

Nb, 0, iy

2 BRPEREIZRER
Fig. 2 Process flowchart for niobium

extraction from converter slag

AL TR O ik 1 B AT 2550 JAS IR 010 J 35 (e 9L (AL vk

TR AR I KA 43 2% ot 25 S5 A P8 b Il 8 iy 0 20 H
REAS 3 I v B2 BR P8 V5 W - S S R B A R 4 e 32
fe s HX TAH AR A A B U AT A s J8 40 4 B R R 1
e,
2.2 WEBESEE

1G5 B 43 2 FF 482 97 5 NaOH 5 KOH
RGP RIS HAT M. T IR IR R
B RE RN BE L AT R HH A0 A S AL W Bk R R TR G ik
o DA VAN A ] B0 i A 3 i = (1) (2)
fiin . NaOH 73 fif 5 . 2 80 (88) 2 B . A fk 5 Fl 4R
BRI A UTTE T 8 B 40 5 DL RE R 38 Uk A
W . s AR R e BRI R DT VE Y T A Ak VR
R s ENHERIRA E Y.

Fe[ (Ta ,Nb)O; ], +6NaOH=2Na, (Ta ,Nb) O, +

FeO+3H,0O (@D
Mn[ (Ta ,Nb) O, ], +6NaOH=2Na, (Ta , Nb) O, +
MnO-+3H,0O (2)

£ KOH 43 fif T 20, B8 J5 B 98 fe B 2 LA 2
B P8 PR E 2 A W A LU BN B 16 B i R
SRR Z A R AR T . SHIKIKA %509 3%
H KOH ¥R B 58 10. 3% Ta, 05.58. 6% Nb, O;
HEH B RS B, 76 K% B IR B 450 C AR BE T[] 2 h
KOH 5B E W E/R R 13. 2 W ERMET .
LK R I 4 )R] gk B 87060 A 92,
TANVAR 5 T —Fp iodk 4l B KOH &5 48—
7R HE O 4 2k 7 o 4 ERCER R A B iR L ik
Yy A AE F Rl A% 5% i5F 18] 45 48 %8 5. 6 min, J2 P K
Rt B RR S E 5 88. 1200 H1 93. 57 %,

BRI 53 ifk A R T AR B ok vy R SR R
HAR AN 2, HETOL A T8 0 322 1a) S e >
IEFE R £Z 4 m A Mk, GHAMBI 9V 2T
— I TR A T A Y B PR B BORT T AR R
FEANEL 3 firn . 7E 800~950 Ciapild T . 5k g 4H
HBZH 5315 TC A (4 Bl R A [P A RS 7 o A= U6 7R 4 R
PR AN (=X 3) 5 [A] B 4k S Ak ) 40 43 9 08 I ol 42
R4 . et R AR B8OE B WA FT 5 Ak gk AR
AW A 5 T 4 S A 3 T g o VAt 3 FE (Ol 2Dk
R A O . R be =4 T W A s Bk I ik
B R Rl KR e Ak T e, R R R
BHHE R M i R R R 4R 4. NaHSO, 7 Ak & 1k
Y (5~6), L AE AR 0 B o i A B ERS
TR D — W 3 5 A R T A, A I R 2% T T
B SEEE T VB LBk =R 4 R 2R A R 6 T A B
I+ w Pk SRR A S



2024 4E55 11 1]

A 1048 GREE 4 (http://ysyl. bgrimm. cn) « 9 .

sz ()5 +Taz 05 +2Nag CO; + ZC: 2NaNb()5 +

2NaTaO; +4CO(g) (3
Fe; O, +4C=3Fe+4CO(g) €Y
2NaHSO, (a) + 2NaTaO, = 2Na, SO, (a) +

H, O + Ta, O (5
2NaHSO, (a) + 2NaNbO,; = 2Na, SO, (a) +

H, O +Nb, O (6)

JiEN e

— Na,CO, —,:ké‘bé:’— itk
Wi I—» e Sy

l

AemEEL oy

Ta,0,. Nb,0,

B3 EFRBETRSKAERET
REEETIZRE
Fig. 3 Process flowchart for tantalum and niobium
extraction from concentrates based on

alkaline fusion and reduction roasting
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Table 3 Comparisons among common extractants for tantalum and niobium metallurgy
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Fig. 4 Schematic diagram of tantalum-niobium separation via reductive coordination (a) and photochemical reduction (b)
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