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Determination of Niobium, Tantalum and Lithium in Niobium-
tantalum-lithium Ore from Nigeria by Inductively Coupled
Plasma Atomic Emission Spectrometry

XU Hongliu

(Hunan Non ferrous Metal Exploration and Research Institute Testing Center ,Changsha, Hunan 410000 ,China)

Abstract In this paper, the method for determination of niobium, tantalum and lithium in niobium and
tantalum ores from Nigeria by inductively coupled plasma emission spectrometry after the sample was
dissolved by hydrofluoric acid-perchloric acid-aqua regia and leached with tartaric acid-aqua regia was
studied. The working conditions,such as the analytical spectrum of the elements and the concentration of
tartaric acid, were optimized,the best analytical spectrum of each element was selected,and the recovery of
each element was discussed by adding standard experiment. Nb 269. 7 nm, Ta 240. 0 nm and Li 670. 78 nm
were selected as the analytical lines. The detection limits of Nb 0.5 pg/g,Ta 1.5 pg/g and Li 15.0 pug/g
were calculated. In this paper, a simple and convenient sample pre-treatment method was selected and
verified by GBW07153,GBW07155 and GBW07185. The relative error of the determination was —2. 82%—
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1.77%. The precision of the method was 0.11%—1.2%, there is no significant difference in the

determination of Nb, Ta and Li in niobium-tantalum lithium ore in Nigeria. This method can be used for

accurate determination of related components in niobium-tantalum lithium ore in Nigeria.
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Table 1 Working conditions of the inductively coupled

plasma emission spectrometer

TAESH Ve S
- R Nb,Ta(1 150)
FETRIR/W Li(750)
BHS(AD Fi /(L + min™h) 15.0
BB (AD ik /(L » min™1) 1.0
FALR(AD R /(L » min~™1) 0.75
#FHE/(mL » min 1) 1.0
A E] /s 500
WL 755 BE / mm 10
Wt St ] /s 8

FE R L PR 5 SRIX-4-9 710 5 g g (K v i 4K 1
P HUE R 950 °C 5 g 18 8 4% AL204 Y
Gt K- (R e M 2 B/ AR A ED . D=
0.1 mg,

1.2 fRAEBRRMEZRKA

Nb. Ta JE & br % W - 500 5 b5 UE fif 25 1 W
(1 mg/mL) & M B 2 2 W BE A TR & b v V4
R AR (2 %) BT B

Li A5 HEVE U A A 25 W (1 mg/ mL) 3B 9 i
B R 2 W AR HE VW A ORI AT R (200) B
HBEL ,

LR CAH TR SRR = SR A R LR R i A
AU W R R b T = ) QN i
E>18 MQ * cm),
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Table 2 Content of Nb, Ta,Li in standard solution

/(pg+ mL™")
b T WL S Nb Ta s E ¥ U Li
STD1 0.00  0.00 std 1 0. 00
STD2 0.01 0.01 std 2 0. 20
STD3 0.05  0.05 std 3 0. 50
STD4 0.20  0.20 std 4 2.00
STD5 1. 00 1. 00 std 5 10. 00
STD6 0.00  0.00 std 6 20. 00
STD7? 0.50  0.50
STDS 2.00  2.00
STDY 10.00  10.00
STD10 30.00  30.00

L3 AT E A%

JE—

PRI 0. 10 gOR5 i 2 0. 000 1 g) il A T 2% DU 96t
IR A 15 mL R PR R IR LW 2 min. i
A5 mL A2, 10 mL S IR, 2 mL & & W, i T
200~250 °C At FOH IR 2 P RO E oS R
27 0.3 mL IR 10 mL 50 % (1) Tk (Eh iz ¢
MR+ AK=3+:1:4).4 mL A (+1), 465
IEPOVE S i BUT E A T 100 mL &, #2
5] 988 I ] ICP-AES BEE .

Hk

FREL 0. 10 g5 A 2 0. 000 1 g) ik AE T 5 PU 48
CHEHT LM 10 mL A9 R .2 mL iR .10 mL
FoKEERR « WBR =3+ 1).7E 260 °CHL #AR _Efm 2
43 30 min, JUF 3 T, B A FH iR 2 330 CHE M2
R A E RN . ZERBCIRAE T INA 10 mL $2
IR (5 %6 35 AU Ak S0+ 5 Vo i R ) 8 L Al = 200 “C
PAREL ARG B 10 IR € 2 & 100 mL & &= il

B, WMEIBP TR ZE 400 C, 8 R E R % [F A
T S 8 b FRIR ZE 700 °C I HE Rl 5 min, B
RS R A AT 50 mL I /K B BEAR b L i #E
VG UTVE S8 AV Ve S L 55 SR R R
R 2 B R 408 . H 20 g/ L & A AL 8 vl vk Ben
2 W TRULTE 4 KL, £ KTk 2 R F Rk sE . H
JBE R AR 2 TR AL JS B DB T S AR IR AR — R
A 20 mL 10 %0 ER R (5 2 Y08 A1 R V45 frt UL »
IS AW SV H A T 100 mL A EIR 45,

2 HR5R

2.1 HRATAIEFGEREE

Je H R M X AR 7= i P8 AR BT 1 RO
—MEAE 0~20 000 pg/g, TEHEAE & REIEHE M 17,
27 3T E NI JP B E E R MY R
GBW07153 .GBWO07155 Fil GBWO07185 1 Ay iff 58 %f
SR RA b = AR i mir A B L 17 (27 AR RN
GBWO07153 I GBW07155 1 Nb, Ta | STDI ~
STD5 VEbR#EMIZE .37 BE &L Fl GBWO7185 H Nb, Ta
i [l STD6 ~ STD10 fE 45 i i1 £, Li ffi Al stdl ~
std6 VERRUERZe . B0 FE A8 6y A JF U
S-S E B B L OF R R AR — B bR i R
PEOCR WL 3, BF 58 A FF 5 I 45 25 2R 0L 3% 4, Hirp
17,27 (37 e G ad 2 R 5 1 X B 2 36 38 L X A5
H A X AR A . GBWO07153 ,GBW07155 fil GBW07185
Z: 7% HARUEAE .

3 TENREMERBEXRY
Table 3 Standard curves and correlation

coefficients for elements

e v TCE MK R K AL/
T, RES] L TS A T ICP-AES 3&0 e T Ta Li (g mL D
7‘5‘{23 STD1~STD5 0.999 918 0.999 675 0~1.0(Nb,Ta)
WEX 0.10 g(ﬂ%ﬁﬁﬁ 0.000 1 g)ﬁtﬁéﬂﬁﬂﬂifﬁ STD6~STD10 0.999 952 0. 999 878 0~30(Nb,Ta)
Wb B 1 g A IR AT AN 0. 5 g it B Lomon o
F4 Nb=MENFZE6RXENERHERBIIRE
Table 4 The mean and relative error of the six detection results of three Nb detection methods
BE PR {E/ T/ AR 1% 22 k=) AR X 15 22 k=) A X 15 22
(pg+g b (pgeg™H RE/% (pgeg b RE/ % (pgeg b RE/%
17 25 25. 00 0. 00 22. 67 —9.31 21.00 —16.0
2% 36 35.33 —1.80 31.33 —12.97 31. 67 —12.0
GBWO07153 40 40. 66 1. 65 36.33 —9.17 34. 00 —15.0
GBWO07155 300 303. 33 1. 11 292.33 —2.56 299. 00 —0.33
3% 1518 1 518.33 0.02 1 498.6 —1.27 1 518. 00 0. 00
GBWO07185 3 630 3613.67 —0.45 3 596.0 —0.94 3 601. 00 —0. 80
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MZ 3 A LLFEH . Nb, Ta 7 STD1~STDI10 [X
] 0 [ B Li A std] ~ std6 X [1] 38 FBl b v iy 2k 26
KER R,

M 4~6 AT LIFE . Nb, Ta, Li & & il & 1 A
PR 2E R ATAE 10% LA . 24 Nb, Ta,Li & & 7F
0~100 mg/kg 7l Fl P I, Bk 5 50 &0 9 R -k IR -

A BLIR A BT, W B AF B TR T R O
ME LA o BT A FE X 43 T 5 i R B R R -
- T K ¥ B T A R K B Y R A b
DIz
2.2 mERIEZWIERE

i FRprid ik Nb 269. 7 nm, Ta 240. 0 nm, Li

FIKIEE RS %%EWMEE X2 TR A e s R AR 670. 78 nm YE MR TR TR . Jo KIS LA &
Gy R oY K EURR - R - T K I Oy B A TGN IR 7,
RS Ta=MENFX6 XKWMNERHEREITIRE
Table 5 The mean and relative error of the six detection results of the three Ta detection methods
BE B i i/ Fik—/ X 1R 2= HEZ/ X R 22 =/ R R 2=
e (ug+gH (pg+ g H RE/% (ug+ gD RE/% (ug+ gD RE/ %
1% 85 84.63 —0. 44 78.15 —8.0 76.32 —10.2
2% 112 113. 64 1. 46 99. 32 —11.32 98.99 —11.6
GBWO07153 100 98. 74 —1.26 98. 64 —1.36 92.32 —7.68
GBWO07155 570 568.71 —0.23 573.16 0.55 542.1 —4. 89
37 4513 4 514.92 0. 04 4.499.16 —0. 31 4 509. 1 —0.09
GBWO07185 8 350 8 363. 81 0.17 8 278.62 —0. 85 8 256. 4 —1.12
Fo6 LiZfRMAENXREVNERYERBITIRE
Table 6 The mean and relative error of the six detection results of Li three detection methods
BE FrifE(E / Fik—/ AH X 15 2 Hik=/ AR 1R 2 Fik=/ AR 1R 2
e (pg+g b (pgegH RE/% (pgeg™ b RE/% (pge g™ RE/%
1% 8 546. 46 8 528. 32 —0.21 8 512. 32 —0. 40 8 532. 22 —0.17
2% 5 892.99 5 732.65 —2.72 5 635.35 —4. 37 5 342.52 —9.34
GBWO07153 10 640 10 658. 3 0.17 10 625. 2 —0. 14 10 645. 2 0. 05
GBWO07155 3620 3 625.83 0.16 3612.32 —0.21 3611.29 —0. 24
37 65. 32 63.48 —2.82 59. 33 —9.17 58. 30 —10. 75
GBWO07185 49. 25 50. 12 1.77 46. 66 —5.26 45.52 —7.57
x7T BEZTHER
Table 7 Interference of spectral lines
% #2%/nm R T #2/nm 2 T #2/nm T
Nb 309. 41 =% Ti T 303.0 ~ Ti T 269.7 T
Ta 226. 2 % Nb T4 248. 8 e+ 7B AR X 240.0 I
Li 610. 36 % Nd 13 670. 78 I

2.3 BRBBABRENIEE

— g VB LB A oD R Y B IBOR) AT DL I R AR
PR AR i S A SR A IR 5 X 28 35 e KRR U
JEAT DUERE RS T R R E MG, (HE
7 18 B SRR 2 Ty X B B A4 L 3 100 1k ol R A o
RV VRO ) 55 Ak i AL S B RE S L OCR
TR BCILTE 1Y J7 6 9 A IR 10 98 L 40 L 41 55 08 L Aa
Z5AAW S BH LR WP SO K AR T SR A R
a2 T O s v U b R o33 O i T 2% 3 A
A 7 B A 2 [) B A R rh ke B e A S 51 R
ASCERHE o PRI X TS A IR T B BRUGR) Uk B AT TR

g8 BRI 8,

8 AR BN AEW AT FRIE R BE Ry 206 ~3 %0
I, R X 2 22 1 PRl A/ s B S2 B e % 200 ~ 30

PRV LI I
2.4 FENBEEMERE
) FH 7 1R - S 90 R -4k PR - e S TR TR 5 TR VA ik A

i KT A R 4 U X GBW07153,GBWO07155,
GBWO07185 = AArdEik B 4T 6 AT E , -5
TR VB =R R BORE BERE RE R L T LR 9,
THR SRR W] AR AE W) BT & o0 R DU E (8 H bR e
FEA — B, A X FR R 22 (RSDY I HE 5% LN 75 &
b BT AT 7 S g A I 4k BT A 4 R (DZ/ T0130—
2006) Hr X4 VBH B T 3R T A B A R
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Table 8 Study on the concentration of tartaric acid medium

TTHE FRUEME/ (pg s g~ D T A R/ V0 SRR IE/ (pg - g™ 1) TR 2 RE/ %
1 37.2 —7.25
2 39. 8 —0.50
40(GBWO07153)
3 40. 3 0.75
5 37.8 —5. 66
1 273.6 —9.21
2 299. 6 —0.13
Nb 300(GBWO07155)
3 300. 4 0.13
5 281.5 —6. 36
1 3 548.7 —2.27
2 3631.3 0. 04
3 630(GBW07185)
3 3 625.4 —0.13
5 3 554.8 —2.09
1 85.7 —15. 40
2 102. 3 2.27
100(GBW07153)
3 99.7 —0.30
5 83.4 —18.10
1 532.4 —6.82
2 569. 8 —0.04
Ta 570(GBWO07155)
3 573.2 0. 56
5 544. 3 —4.61
1 3 055.4 —6.48
2 3 261.3 0. 04
3 260(GBWO07185)
3 3 218.7 —1.27
5 3 000. 8 —38.28
1 10 544. 4 —0.90
2 10 635.5 —0.04
10 640(GBWO07153)
3 10 642. 8 0.03
5 9 288. 33 —13.57
1 3 201. 4 —1.81
2 3 261.4 0. 04
Li 3 260(GBWO07155)
3 3 262.4 0.07
5 3 007.7 —8.05
1 44. 32 —10. 54
2 49. 77 1. 05
49. 25(GBW07185)
3 48. 3 —1.95
5 44. 58 —9.95
£9 REFEEMENBTE
Table 9 Accuracy and precision of methods
GBWO07153 GBWO07155 GBWO07185
JTTE Y/ TEAE/ Y (E / wHEAE/ -2 {E / ~E(E /
218 FrAE1E RSD/ % T HME/ T A RSD/ % 21 T Al RSD/ %
(pgeg™ " (ugegH (pgeog ) (ugeg™H (pgeg ) (ugeg M
Nb 40. 66 40 1.2 303. 33 300 0.78 3613.7 3630 0. 32
Ta 98. 74 100 0. 90 568. 71 570 0.16 8 363.8 8 350 0.12
Li 10 658 10 640 0.12 3625.8 3620 0.11 49. 25 50.12 1.2
2.5  hnAR[EU LG A EL, I fiE ] ICP-AES 3 iF 17 0 22 , 45 R WL %

FRIC 1 (27 £ 0.100 0 g, 435l m A & 10 10, B 5 10 AT L FE B, & 5 ax Bk R 1E
rb v B AR U L R RN R -AL LR - - A 95. 7% ~102% .t 7% J7 1k oE 0 B 2 RE RS 0
TR A TR i RE L L 5 K- £ R 2 Bk E A7 RE B AT R,
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Table 10 Increased recovery rate
e G TE WA/ (pg + mL D) MRt/ Cug + mL 1) IS5 WA/ (g + mL D) Il i %/ %%
Nb 0.025 0 0. 05 0.073 5 98.0
17 B Ta 0.085 0 0. 20 0.280 5 98. 4
Li 8. 546 4 1. 00 9.553 0 100
Nb 0.036 0 0. 05 0.082 3 95.7
27 FE &L Ta 0.112 0 0. 20 0.318 5 102
Li 5.892 9 1. 00 6.878 3 99. 8

2.6 FHEWHR

D5 ¥t B VR 43 A 1 B AN 2 P i Y
HEAEAR AR R R T vk AR E Y B
IKF PN AT D P b DA e A AR I A B Y A /)
e B sl dre /N I 5 AR I SRR RS 4 R R AE
o 3 PR G, 5 000 2 95 R 25 1 (B R0 v Y R R
FESH K, 78 ICP-AES JfE& N, #2200 % 10
Oy B 2 VR IR BT A9 bR o 25 3 DL 3 1A A8 3
Ji kR R 2390 8 Nb 0.5 png/g.Ta 1.5 pg/g.Li
15.0 pg/g.

3 #Hit

FEXS HE =M A [ 1R L B i iy A B 5 3k S i L
T E fild - IR R R TR o SRR TR & PRI R AR b L £
KT AT BR AR U J5 3% A D JE B R Sl IX AR A B A1
TR BH BT R 1 HT AL BT v L AL ICP-AES : 4
AT . B RE AW e H R b X 4 VB FE T R
2o I E L O Je H ORI X R AT A7 A
Il 5 423 L A 48 L A LB B I 4R ) T — b g
EHEIF HA Tzl W B T vk . SERRUE T 0T 1k
TN T R R R R I RS e A
1+ B I AR AL
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