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Abstract: An experimental study on the beneficiation of a granitic pegmatite type Nb-Ta ore in Hubei
province was carried out, and a combined beneficiation flowsheet was determined, which consisted of
gravity and magnetic roughing, flotation of rough concentrate, acidification roasting, leaching, extraction
and stripping, and flotation of feldspar and quartz from magnetic tailings. The Nb,O; and Ta,O; grade of
the Nb-Ta concentrate was 53.96% and 21.33% ., respectively, and the recovery of Nb,O; was 63. 48%
and 53.05%, respectively. The effects of grinding fineness and magnetic field intensity on the
preconcentration of Nb and Ta were investigated in the roughing stage of gravity-magnetic separation. A
sericite product of first-class with a yield of 9.47% was obtained. The influence of collector types on the
flotation performance of the high intensity magnetic concentrate was investigated. Under the conditions of
styrene phosphonic acid to n-octanol dosage ratio of 4: 1 and reagent dosage of 1 500 g/t, the flotation
concentrate with Nb,O; grade of 10.578% and Ta,O; grade of 4.753% was obtained by twice
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cleanings. Acidic roasting-leaching test of the flotation concentrate products in pure sulfuric acid system was

carried out, tantalum was extracted by methyl isobutyl ketone (MIBK) under low acid condition, niobium

was extracted by tributyl phosphate (TBP) under high acid condition, the extract was stripped by pure

water, and the stripped niobium and tantalum solution was precipitated by ammonia water and roasted. In

this way a high-purity Nb,O; and Ta,Os; product was obtained. The feldspar concentrate and quartz

concentrate which can be industrially utilized were obtained by flotation of the magnetic separation

tailings. Most of the useful minerals were enriched in the test,

and the associated minerals were

comprehensively recovered and utilized while efficiently enriching Nb and Ta.

Key words: niobium-tantalum ore; beneficiation process; comprehensive utilization; mica
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Table 1 Results of chemical composition analysis of the ore sample /%
o Nb; O; TazOs SiO; Al O Na; O K;O Fe; O
g 0.0112 0. 0054 66. 71 19.76 6.61 1.73 0.82
)% CaO MgO MnO P, 05 TiO, Rb, O HoAth
Ha 0. 64 0.14 0. 080 0.030 0. 027 0.022 3.414 4
x2 RKETVHABRENEE
Table 2 Mineral composition and relative content of the ore sample /%
W4 4 B e gkm- PR LRNe) A5 Hzbk Rt e e
i 0.013 0. 0052 59. 31 21.17 7.96 4.33 3.15 1. 19
4 4 FR gl — KA YA B Wy BERA LG HAt
T 1. 06 0. 46 0. 22 0. 080 0. 030 0. 030 0. 020 0.971 8

R 1 g, AR Nb,Os & &
0.0112% ,Ta,O; ZrftHR 0. 0054 % ; Hifth 3 T Ak 2% 1%,

S S0, (AL O, Na, O K, O il Fe, O, , i 4 4 ¥ 4
CaO.MgO . MnO.P,O; . Fa B IR INE LY & &
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Table 3 Results of particle size screening tests of the ore sample /%

- - st oL VARES
Nb; Os Ta, Os Nb, Os Ta, Os
+0.9 12.95 0.009 5 0.004 3 11.03 10. 31
—0.940.5 17. 33 0.007 1 0.003 9 10. 97 9.45
—0.5+0. 25 15. 46 0.012 9 0.008 3 17. 83 19.99
—0.2540. 15 16. 31 0.008 5 0.005 9 12.45 14. 06
—0.1540. 106 7.01 0.011 2 0.002 2 7.01 5. 25
—0.106+0. 075 6. 11 0.013 5 0.003 0 7.36 7.09
—0.075+0. 038 13. 74 0.014 7 0.007 8 17.99 18. 64
—0.038 11. 09 0.015 5 0. 006 3 15. 36 15. 21
Git 100. 0 0.011 2 0. 005 4 100. 0 100. 0
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Fig. 1 Principle flowsheet of the test
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Fig. 2 Flowsheet of the niobium and tantalum
preconcentration tests
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Table 4 Results of the grinding fineness tests /%
JEE 841 B (—0. 075 mm) —0.075 mm il o
Nb, Os Ta, 05 Nb, Os Ta, 05
61.26 0. 94 0.791 4 0.370 7 66. 63 64.73
72.33 0.93 0.996 4 0. 480 2 82. 32 82. 28
80. 96 0. 97 0.843 3 0.4117 73.25 74.17
91. 35 0.98 0.780 1 0.369 7 68. 39 67. 22
RS HHEERBER
Table S Results of the magnetic field strength tests /%
ot fir I i 5%
%98/ (kA. m™") Hw 77 %
Nb; Os Ta, Os Nb; Os Ta, Os
1500 0.98 0.865 1 0.421 2 75. 43 76.17
1 600 0.93 0.996 4 0. 480 2 82. 32 82. 28
1700 0.91 1.199 6 0.567 1 97. 89 95.98
1 800 0. 97 1.039 8 0.504 1 90. 04 90. 54
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Table 6 Results of the niobium and tantalum preconcentration tests /%
it 3L Ve

R i
Nb, O3 Ta, Os Nb, O3 Ta, Os
S TG 1 0.91 1.199 6 0.567 1 97. 89 95.98
55 RERE 0 1.35 0.000 8 0.001 4 0.31 1.09
TR 9.47 0.001 6 0.001 4 1.32 2.47
R 85. 27 0. 000 06 0. 000 03 0.48 0. 46
Js Ay 100. 0 0.011 2 0.005 4 100.0 100. 0
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BUCPR T o A ORI 2 B2 A 0 A T
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# Nb,O; 1 Ta,O; ik 5] 2. 784 % Fl 1. 226 %,
B8 VB IR R B LE 80X L I,

MR 7 I g5 R R AR S 4 R A7 &l 3
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Fig. 3 Flowsheet of the flotation tests on high intensity magnetic concentrate
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Table 7 Results of flotation rougher collector type tests on high intensity magnetic concentrate /%
. . . ) LEEDA N AmEyies
W 2 7 b A R AL 2
Nby Os Tay Os Nb; Os Tay Os
TR 25. 46 2.080 4 0.963 9 44.15 43.28
K I /R =27 74. 54 0.898 9 0.431 4 55. 85 56. 72
9%Hw 100. 0 1.199 7 0.567 0 100. 0 100. 0
TR 29. 67 2.160 2 0.957 4 53.42 50. 11
IR B 70. 33 0.794 6 0.402 1 46. 58 49. 89
e 100. 0 1.199 8 0.566 9 100. 0 100. 0
- TR 34. 45 2.695 5 1.204 8 77. 41 73.19
KA NG B - B
o B 65. 55 0.413 4 0.2319 22.59 26. 81
IEEmE 41
“wy 100. 0 1.199 6 0.567 1 100. 0 100. 0
! TR 37.03 2.784 0 1. 226 0 85. 96 80.07
AW
o B 62. 97 0.267 0 0.179 0 14. 04 19.93
IEEfE 4 1
%Hw 100. 0 1.199 5 0.567 1 100. 0 100. 0
*8 BHRBTEFEAKRER
Table 8 Results of flotation tests on high intensity magnetic concentrate /%
it oL P [l g 2
B E XS FEME 7 3
Nb,O; Ta s Nb,O; Tay s
A 7.32 10.578 0 4.753 0 64. 56 61.33
1 11.56 0.865 3 0.479 9 8. 34 9.78
e 2 17. 14 0.870 5 0.473 6 12. 44 14. 31
i3 15. 36 0. 860 5 0.396 3 11. 02 10. 73
=2n 48. 62 0.089 8 0.044 9 3. 64 3.85
B 100. 0 1.199 4 0.567 3 100. 0 100. 0
2.1.3 M BRIk AT BUR % 88K AT % 68K M I LSO, A

FEX I R AT T ARG IR R T W AL b b 12

I AEAIRIR A5 1 N SR L S5 T 0 Y (MIBKO
AU TR = R A5 R R IR RR = T IR (TBP) 2 i
T8 o 25 IO 38 2R T 4K 3R A7 I A6 ICZE a1 9 S B
FHZE K ULTE J5 K5 b - 45 ) 5 4l Nb,O; #1 Ta, O 72
m > IR I R DL TR 4

FE R AR 58 o BEBR R FH 2t o5 e 7026, 7E 200 C
FUE TN RBE 1 h, @B BRI 2500 T at b Y
H, SO, . 7EW [F 1 4 = 1.85 CHIS&ME TS 2.5 h 158
FIPRAH R R PR Gk B 91, 46 00, 4R Rk
FI| 88. 33 %0 ; A WUy B xt 48 41 12 R F MIBK 78
A1 1 4F FZEY 15 min 25 BUH L 4 9115 3

HF J### 5 H™ & 7.5 mol/L J5§ % Jfl TBP # EU 4,
A3 A5 20 5 P ML RUKAH . & 8 A ML & A AL
WORA G F2iKAE 1+ 1 M5 F7ERR Y 15 min [ 2
JE A B8 VW 2 S5 T A UK LB 0 AR A R
B (0 B VA VRS b L B AE 800 C IR EE R K ke
3 W B A e A 7= . Al R A 7 4 A 4 R L R
9. HIR 9 "I ALK be— I R FE T Z
TR VE RS O W AR T L N, O; i
Ta, O S 74> B35 5] 53.96% F1 21.33% ., TRk
W B e AL 53 AR K R B B BB R RN B
BB Be Nb, O Al [ i %y 98. 33 %4, Ta, O5 AE Ak
6] i #& -y 86. 50 % ,

R BURESTRONER

Table 9 Results of the niobium and tantalum products analysis /%
N Nb; Os Tay O Fe, O3 MnO TiO, SiO, Al Oy
it 53.96 21. 33 13.43 6.47 2.49 1.03 0.52
2 5 43 Na; O MgO CaO P, 0s KO Rb,O Joft
it 0.41 0.18 0. 07 0. 030 0. 020 0. 020 0. 040
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Fig. 4 Flotation concentrate chemical beneficiation
test process
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Fig. 5 Test flowsheet of recovering feldspar and
quartz tests from high intensity magnetic
tailings by flotation
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Table 10 Test results of recovering feldspar and quartz tests from high intensity magnetic tailings by flotation
/%
ih {7 [EES
7 il 24 el 7 5% _ = .
Sl()z Nag() Kg() Sl()z Naz() Kg()
KA KB 42.19 48.01 10. 03 2.21 30. 05 67.06 79. 69
i 14. 33 36. 46 8. 54 1.14 7.75 19. 39 13. 96
YR 43.48 96. 45 1. 96 0.17 62. 20 13.55 6. 35
“my 100. 0 67. 42 6.31 1.17 100. 0 100. 0 100. 0

2.3 £REkE

T S R A 1T WA I8 B R 58 i R T [T MR A L A
TR ZR A ISR S Aty B R AT T A AR R R oH
e —HURE % e — R ALK 8 IRt — A R — R

PR IF > B R A AR T T AR L A
B AL PR AR 67 S AR SC R ™ b . IR AR UL 6.9
AR 11,
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Fig. 6 Test flowsheet of the whole process
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Table 11 Test results of the whole process /%
LA AL &S
e gt
sz(); Taz(); sz(); Télz()g
RSB 0.013 2 53. 96 21. 33 63.59 52. 14
VoE S 0 35.98 6.47X107° 3.02X107° 0. 208 0. 201
o 12. 22 7.52X107° 3.62X107° 0. 082 0. 082
KA 37.07 5.35X 107! 2.55X107° 0.177 0.175
SRR 4. 35 0.000 8 0.001 4 0.31 0.13
=ERE B 9.47 0.001 6 0.001 4 1.35 2. 46
g 1 0.105 0. 856 3 0.479 9 8. 03 9. 33
2 0.156 0.870 5 0.473 6 12.12 13.68
i3 0.14 0.860 5 0.396 3 10. 76 10. 27
I i 0.041 9 0.358 2 0.171 4 1.34 1.33
58 W 0.005 9 0.3417 0.155 6 0.18 0.17
H O 0. 006 0 0.003 8 0.001 7 0.15 0.14
By 0. 442 0.043 2 0.120 9 1.703 9.89 2
SR 100. 0 0.011 2 0. 005 4 100. 0 100. 0
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