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Table 1 ~ Working parameters of the ICP-MS instrument

TS BOE KA TAEEH BOE KA
ICP 1350 W Bl 3 5/ R

BHS(AD) WS 13.0 L/min || {0 10 ms/ 5

B (Ar) it 0.7 L/min Hiosk 40 WK

EHS (A i 0.93 L/min || B3] 1s

HUREAE (NI FLA2 1.0 mm

AP (NI LA 0.7 mm

#2 VU T HOCE N TIEA
Table 2 Working parameters of the ICP-AES instrument

TAESHL WE & TAESH WE &
i SN B 1200 W BT 1.0 mL/min
BHIR (Ar) ik 13.0 L/min F43 1t ] 500 ms
WA (Ar) i 1.5 L/min WL v 10 mm
FHA(Ar) it 0.75 L/min R G [H] 8s

fE R B PR, SX2 - 10 — 13 B4 =X &5 1
(AL R K 24 A R A PR A F)) « fe s il AT
1300°C , K% £1C

CPA124S B Afr KAV (AL 8 2 R Rl 22 AU A%
Z5wl) JEa £0.0001 g,

UEAR A 8 BUR IR AL
1.2 briEiaig - 2545

Nb \Ta JE & b #E %5 1 - R F B 0T R b o i 45
VST R B, TC I BT B AR TV VR (% 3) , LA
PBL

ESI PR a8 S RGEVToE 371) S

Table 3 Concentrations of Nb and Ta in the standard solutions

PR O G/ml) || faE @ (ug/ml)
i Nb Ta G Nb Ta
Stan — 1 0 0 Stan -9 1.0 1.0
Stan -2 1 1 Stan — 10 2.0 2.0
Stan -3 10 10 Stan - 11 0 0
Stan -4 100 100 Stan - 12 5 5
Stan -5 200 200 Stan - 13 10 10
Stan — 6 0 0 Stan — 14 20 20
Stan -7 100 100 Stan - 15 30 30
Stan - 8 500 500

Rh Re W45 % W: Rh, Re % &£ 5 24 20
ng/mL, i Rh Re JUE i #1512 2 B C ] 110 Ao

IR 6 mol/L filFR — 5% W A1 1R — 1% HIR

IR AW : Li,Co In Ce U, &L KW
WEEY SN 10 ng/mL,

i AR R SO A R R AT AL

R EEAEIR FhR SRR B .

K (HLBHAE > 18 MQ + em)

1.3 FEShRITACER K sy B i 18

FE& Y Nb Ta (¥ 754G 200, REAER
B H R R A R ET B R R
LS B AT A s K
AR A A B vk o o SRR BT B RE I A
SIS AR X/ 2 fE I A B 8 R IR A R i 4R
TREABIE 2 o AT S RV R FH 3K P AR il Ak 380 7 =
FHE A o
1.3.1 SR - MR - B IR 4 R 1H R v #0
(IR

(1) YERGFREL 0. 1000 ~ 0. 5000 g (ki % 0. 1
mg) & F 105 CHETHFE S, BT 50 mL UG
BRI/ 258 KR

(2) R PUIR L IF B AR UOMA 10 mL &K
2 .10 mL A2 .2 mL GiEe ", F i B in 10
min Ji5 ¢ ELUR , HCE R o

(3) i F B AR ZE T TG Ol n (& 1
FR o

(4) eI AGHT L A9 10 mL KR, 282
VSRR 2 ~3 mL, F/b i 4K s e AR EE R A S
ERE 25 mL @B, HIERICHN A,

(5) U A % 1 mL 2 EAEH, H 3% MR
FEAZE 10 mL, BEEWIEHN B,

1.3.2 4 bahmkls

(1) FREL 0. 1000 ~0. 5000 g( K Z 0.0001 g)
s T NI E b, o 1 g 2k A 88, IR 51, #HA0
0.5 gid A b 5

(2) F5 R B H A B FHR E 700°C 1 3 4
INERERE T R RLIR B

(3) FRHH IR 205, F H A A K2 80 mL
WK RERR 78 FHHR IR ZE 0 ) 58 2V
Yo I BEE B A b R AL, B 7

(4) BEBUR A IELCRL 8, F 20 o/ L SR AL AN o
VEREARRITTNE , PR TR 2 Wk, 55 R U8 .

(5) FE A IR AR PTVE — &k [l R AR o, A
AR 20 mL 6 mol/L £hFR (% 100 ¢/ L il A1 BRI W)
TR R _E B E kA DOVE S8 VAR, R A S E A
%50 mL, HEWICH Co
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(b) RS IR A TRIEMRAET I ER

Pl 1 ZU0RUIER — AR — WAL 1R T 45 1R Il Pl PR 6 e T A
FERME RN DL
Fig. 1  Effect of sample digestion by HF-HNO,-H, SO, with

electric heating plate at constant temperature

(6) FEH A e 10 A EALIE . MRICH Do

PRI AL PR 3 Hh %  RERIRE df f FE P 0325 1
. A M CERBAIICP - AESTI &, B LR N
B, 2 R HE 2, AR [ U2 5 R H R s 114
WHE. B AN D ¥R ICP - MS J5E , SE A I8 1 73
M2, 2 Ao sl 2, e o 0o 2 i AR 3l 1] 0
TR AR R IR P R

2 g5
2.1 ICP - MSHMTIRFRIG T-HL AR RON B 5 1E
ICP — MSpHr o 9 F- P03 0 Jo i TP Rk St 1%
T (AN PRk, X F Nb, Ta itk
PE,Nb R I T AL %, Ta % HoO W
105 B AT, — SRR R Ho 35 AR, 76 P
(AR S FE 25 AR T X Ta S0 M7 64 R >
e, FE 43 HTND  Ta B ST ER I, B 56 7% I8 J2 KR 1R sk
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BT R I A BT R 25

ICP — MSERAARL R f5e K11 oy BRAPEAE T v P i)
B BRI AR AR S (TDS) RRER R . — e
SRAE0.2% LLF (5 4F 500 ~ 1000 pg/mlL) 0, Hjifd
TR 0. 2% BE LLR , FIREAEAE 5 B 15 5 B )
(3G EERL (B S o XF Nb Ta (94387, i 1 5256
B T RE SRR B 40K 10005 364%™ Rh 1 Py
FEIE” Nb, '™ Re fF A P b5 A% 1™ Ta s % F 33 S Ak 4
A RRE R B TVE VL 23 B MK YA 8 25 PR B A T
N Nl R S LN VR TN ST A0 2 TE S
2.2 ICP - AES /pHrit LR E

HICP - MSZEAL, ICP — AES fA7E 615 T4 Ak
TP T, LGRS T4 RV HAA SO A XK
17 2 (A Ty M 70 5 7 72 A 7 S
S 55 v 3 R I R R T VR R B R — BOR B
TRFEARRIN , 8 2k 3 5 3 1) 3 A i 2 R R I 4k
T

Nb F1 Ta 53 J| A £ 53k 26, i HI BT 2256
R M T R IR TR, & 252k
Sy M A5 2 AR E ) BT E fE A Nb Ta 9 JL4%
TELRIRE GRRT AN TR 4, SCIAE AR, 2
i Nb RV B 7 VR BS (0 ~ 0.5 pg/mL) ,309. 417 nm
T2 I S RV, AT Y R AR bl TR A R R AR
PRI A ARG , 55 32 He At e 2231 26 T il 4500
s , PRUTTR B 309. 417 nm 26K 43 #r Nb, 76
i Ta fIRVEEEVE NS (0 ~0. 10 pg/mL) , KER /3L
45 0 i 225K ,240. 063 nm JEZEAR T HAB I £ ;
FEMNAYA W Ta YREE 25 F 0. 10 pg/mL B, 268. 517
nm 240. 063 nm ZFRELREERACAT , T Ta L08R
e A 55 , P 32 R Ak 268. 517 nm,,
2.3 PERETALEL ;IR PR

FE i Ta 1953 A A BE 2 4 BT e s 2 —
AFF 5 R AR PR AR AR it i Ah By A P M R A~ Bl
R R G BR ) S50 W 0 A bR T, 15 31
(1 A B C.D Y5 5 W 53 590 76 AH A g AT U
FE o Hrp ICP — MSA AR 73 H7 I %6 FH AR UE WK Stan
—1 ~Stan =5 ,ICP — AES 7E il 7 b 2R 1k 2 8 A 4
B ) I3 Bof 326 FH AR HEVA T Stan — 6 ~ Stan — 10, ] 3
i A s A1 bR ) BT 6 AR MEVA W Stan — 11 ~
Stan — 15, S0 s M 12 100 2 1 10 BT A OCG &
BN 32 5, ICP - MSHll 245 1.5 6, ICP - AES
MEZE R T,
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Table 4  Spectral line intensity, interference and the determined results of Nb and Ta analyzed by ICP-AES
MESH Nb B Rl 2k T3 oL Ta A FITEL T PR DL
. " 313.078 nm 309.417 nm 210.942 nm 268.517 nm 263.558 nm 240.063 nm
TR FR
(50150.8) (19247.5) (3555.8) (8190.6) (6740.0) (3206.4)
N - - . Hf(316) Hf(322) 5
FETIOCRMHRE  Ti(5089) OH(2527) Zr (261) Mn(1.7) Fe(46.2) Cu (42.9)
FRUEY Nb AR 1L A I 1 ( ne/g) Ta ARIELIIEE(py/g)
95 313.078 nm 309.417 nm 210.942 nm 268.517 nm 263.558 nm 240.063 nm
GBW 07309 18.8 17.7 13.4 6.1 8.2 1.9
GBW 07311 25.7 25.2 21.5 6.3 12.6 4.6
GBW 07103 42.1 38.6 37.8 7.4 8.7 6.6

*5  betfethge
Table 5 Calibration curves for Nb and Ta

Prf 2R i TR _ o £ d N
o SEORE R MR
%5 (pg/mL)
Nb 0.9993 0~0.2
Stan =1 ~ Stan -5 ICP - MS
Ta 0.9998 0~0.2
Nb 0.9995 0~2
Stan —6 ~ Stan — 10 ICP - AES
Ta 0.9996 0~2
Nb 0.9999 0~30
Stan — 11 ~ Stan — 15 ICP — AES
Ta 0.9995 0~30

H 3% 6 AT LLF H: Nb | Ta 5 & il 2 1B (%) AH X5
RERFITHE 10% LAN . iX R : ONb Ta % 81
0~200 pg/g " YN, SIRER - AR - BRBR W TR
TR AR H e TH A 1A 28 s SR A A s R o T Ak 2
TN YRR e I . X BLBA SRR F )RR

- fiSIR - =R ERIR A FRAL G, 2K o S R A
PR, 3X S B T B2 A i ol ey, IR b L 4 & iRk
TR S Y H T o0 i &8k B8 AN L oC R e A
AR R EURIR - RS TR — BRI VA R AR
IR N RE R B i L FE 2R R QKT
ICP — MSi K JRi B e, BP& £k 55 | AL (1 AR,
X FHIER I A AL 2 A i A B RS A 5 T IR R IR
s T SR R TR 5 R WY TR VS A , o TR B, AR 84
%, W RE RIS A T 55 2 0= A, BARIR 1Y
WA O A A RS T o

M2 7 AT UAE QW FRAE S RTAL B R, Nb il
FELE TR HER s M FE b Ta 19 7 & BAIRAT, ICP —
AES | 72 1% 2% K @ X F Ta & &% & 1) GBW
07185, 7EVR A TR A0 38T I (R AIG, 7 & & /1)
TE ity B A T A i (A o A8 T ) 7 7 SR
BH B s PAT IR VS 25 B kg A A i s =X

R R 6 TR T MU, X T b BRfb 2= I A A
it S Nb Ta 55 (0 ~200 wg/g) HA D) i

FEah, AR IR IR - 52 — SRR TR & IR 1M A i T
Qb3 3, BT ICP - MSAHXS T ICP — AES HAT B /&
1) R R B AR ARG HE PR, L 00 i et
3G A ICP — MS3 7 5 1 4 T F 2 45 o ELME VA i 1)
FE, BT LA sk A Ak B a2 =X, i g
PEALTE SRR MG Y ICP — AES HE1TIUE o
2.4 ICP - MSH BT L £

ICP - MS Tif £k | it B2 fig 1 ik T ICP — AES, 7
B S A T T ZEXTTICP — MS AT 1) o I VA Jot
HATIAL . 1CP - MSARHrH HIBI A B 2% ~ 3% i
R, T Nb Ta 76H i RV W th AT e, & T Ko
JUHJE Ta WK f 5 & B A AT RE ME 2R T
Nb2' 2l g 1 4 00 9 Y00 A R 1T A R L R
Rk SRR T AT B R sE Nb Ta g4 . A
XFFICP — MSHMIT , A7 R Y 51 A 23 B8 S AR 55 17
ARRSPENFERGE, R S5 AR E R EAAF
THERH AT

AR, YIF W Al Fe Mg Ca 55 5:{4
JGE L Nb Ta & H(EAE] 1 x 10*AF Nb Ta W FEAS
SEAFAE  TACH S (4R i 1 B 8 I # RE S 31 i
FUAE, JIr L 225 18 Nb Ta IR AARHER R A A BT Ep
Ao Jrirh e 6 mol/L AR — 5% A TR — 1%04,
SRR A TR S b o i 2, 220 R B
FAREY) T AE R (D3 6) , HARE RN 2R Al 5 it
A2 WA IS AR R GE 55 1 R

ARSI T ST T A k) Ta U2 )52 1
—JEH 3% GEFR A JT Y Ta 2 51 bR HEVE TR0 5 A i
W, R GBW 07184 Fi R A TR i A SR i 24 -
AR 75 — 2R H 6 mol/L iR — 5% W A1 TR
— 1% FFRA TR Ta R FVHRAEE IR, 76 7] B ] )
7€ 10 ng/mL }% 100 ng/mL (1) 3% A5ERA 1) Ta BT
RIAYIFIICP — MSIUE , 255531 UL 3¢ 8 Fn 9.
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Table 6  Analytical results of Nb and Ta by ICP-MS with two different sample pretreatment methods

bR 5 Nb € {E (ng/g) HX 22 (% ) Ta € H (ng/g) AR 522 (% )
G FRE(E RAIRIEM WE IRSIRIEW U PRE(E  RERRIEM B RERRIEM B

GBW 07309 18 17.3 18.5 -3.89 2.78 1.3 1.18 1.4 -9.23 7.69
GBW 07311 25 26.5 26.1 6.00 4.40 5.7 5.56 5.5 -2.46 -3.51
GBW 07312 15.4 16.7 15.3 8.44 -0.65 3.2 2.99 3.4 -6.56 6.25
GBW 07313 9.0 8.2 9.2 -8.89 2.22 0.52 0.49 0.56 -5.77 7.69
GBW 07314 72 70 78.5 -2.78 9.03 5.0 4.3 5.1 -14.00 2.00
GBW 07402 27 26.9 29.3 -0.37 8.52 0.78 0.84 0.8 7.69 2.56
GBW 07403 9.3 9 9.2 -3.23 -1.08 0.76 0.78 0.77 2.63 1.32
GBW 07404 38 41 35.2 7.89 -7.37 3.1 3.4 3.2 9.68 3.23
GBW 07405 23 20.3 22.1 -11.74 -3.91 1.8 1.5 1.6 -16.67 -11.11
GBW 07406 27 26.5 26.1 -1.85 -3.33 5.3 5.24 5.6 -1.13 5.66
GBW 07103 40 40.8 39.7 2.00 -0.75 7.2 7.5 6.7 4.17 -6.94
GBW 07104 6.8 7.2 9.1 5.88 33.82 0.40 0.42 0.38 5.00 -5.00
GBW 07105 68 78 71 14.71 4.41 4.3 5.2 7.1 20.93 65.12
GBW 07106 5.9 5.2 6.3 -11.86 6.78 0.38 0.32 0.42 -15.79 10.53
GBW 07107 14.3 14.2 13.5 -0.70 -5.59 0.90 1 0.81 11.11 -10.00
GBW 07184 56.6 57.8 60. 1 2.12 6.18 108 109 110.2 0.93 2.04

AT WIRRERRTARPES S ICP - AES e g5 R

Table 7 Analytical results of Nb and Ta by ICP-AES with two different sample pretreatment methods

bR 5 Nb U E (A (ng/g) HX 22 (% ) Ta 52 H (ng/g) AR 22 (% )
G FRME(E TRATRIEM W IRSIRIEW i bRE(E  IRBIRER B RERRIEM B

GBW 07309 18 17.9 18.8 -0.56 4.44 1.3 1.56 1.55 20.00 19.23
GBW 07311 25 25.5 26 2.00 4.00 5.7 5.8 5.83 1.75 2.28
GBW 07312 15.4 16.9 16.2 9.74 5.19 3.2 3.12 3.21 -2.50 0.31
GBW 07313 9.0 8.2 8.8 -8.89 -2.22 0.52 0.8 0.79 53.85 51.92
GBW 07314 72 70 73 -2.78 1.39 5.0 5.6 5.5 12.00 10.00
GBW 07402 27 25.7 28.5 -4.81 5.56 0.78 1.1 1.13 41.03 44.87
GBW 07403 9.3 8.6 9.7 -7.53 4.30 0.76 1.02 1.03 34.21 35.53
GBW 07404 38 42 35.8 10.53 -5.79 3.1 3.3 3.2 6.45 3.23
GBW 07405 23 21.4 21 -6.96 -8.70 1.8 2.1 2 16.67 11.11
GBW 07406 27 27.4 29.2 1.48 8.15 5.3 6 5.6 13.21 5.66
GBW 07103 40 39 43.1 -2.50 7.75 7.2 7.2 7.4 0.00 2.78
GBW 07104 6.8 9.3 7.1 36.76 4.41 0.40 0.62 0.67 55.00 67.50
GBW 07105 68 74 65 8.82 -4.41 4.3 5.2 4.1 20.93 -4.65
GBW 07106 5.9 5.2 6.3 -11.86 6.78 0.38 0.68 0.56 78.95 47.37
GBW 07107 14.3 13.8 15.6 -3.50 9.09 0.90 1.12 1.2 24.44 33.33
GBW 07184 56.6 58.2 60. 1 2.83 6.18 108 110 112 1.85 3.70
GBW 07185 * 0.36 0.34 0.36 -5.56 0.00 0.84 0.75 0.83 -10.71 -1.19

TE s " FR B A %

Hi1ZE 8 WTLLAE T, LA 3% MR A R Ta B0 R, Bt ] 46 T J8 19 80 80 ey T A 7 2 0 AL
RIsER ST GBW 07184, Ta gl EH T Ml Fe Ca Mg SFRAOTHKAEE T2 E Nb Ta IFEH
L VU IR & Ta 28 T —REIKAR. RO MW Nb Ta & BARN, KBGO A UL,
ERE— BN AR A P Ta R A TOKAR, H Al 6/ 51 AT A BR M &R, LA IS 5 R
IR [ 3B K i R RE MR R A D, FE RG] ICP - MSART .
1CP — MS/3fr FH b 1 il e 38 v 7 5 AT A1 TR L R
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H33 &

48 LA 3% Wl A iR Ta ST #bsifE R 4150 r GBW
07184 &5 5L
Table 8 Analytical results of Ta in GBW 07184 using Ta single

element standard with 3% nitric acid as medium

IR Ta Wi f Iz
e o) ()
GBW 07184 -1 119 10.08
GBW 07184 -2 132 22.11
GBW 07184 -3 126 16.56
GBW 07184 -4 117 8.23
GBW 07184 -5 122 12.86

#9 LL6 mol/L iR — 5% Wi F1lR — 1 %o 2 MR K Iv Ity
Ta ¥T R bR RFIEA I FIE TR Ta i

pIvE 3123113
Table 9  Analytical results of known concentration Ta solutions
analyzed at different time using Ta single element
standard series with 6 mol/L nitric acid-5% tartaric

acid-1%o hydrofluoric acid as medium

HRES Ta il 7 (i (ng/mL)
s il 10 ng/mL i) Ta FOLEARME 100 ng/mL ff) Ta BATLEFRYE
EARIPN 9.2 93
H2 R 7.8 38
H3 K 5.2 89
CHEIPN 2.8 78
$5 K 2.3 82

2.5 okslalfcE

VIR HRE S AT bR [ S S 56 o FRIBUR HIRE
i, — AR, — 0 I A S5 2 /9 GBW 07103 (Jinds
1), — M IMASERR GBW 07184 (bR 2) . #EHUHIA
HIRE AR Nb 2 68 we/g,Ta 52 pg/g. RIXH
TP it Ak $HL 752X A o7 AL 000 5 P v i 258 3
10, H13€ 10 W] LU t, #F 5 BkcR 7 89. 2% ~
105. 2% Z[8], 2.7~ 7 ¥ HER BTG R AR A 752K

410 Jikslabfc

Table 10  The spiked recovery tests of the method

Nb 91 CR (% ) Ta (% )
SHHTTiE Rl k2 gL k2
(40 pg/g) (56.6 pg/g) (7.2 pg/g) (108 pg/e)
WA -1ICP-MS  91.2 91.8 90.1 93.1
B - ICP — AES 9.5 105.2 89.2 102.3

2.6 JiTERE LR

X+ 3 (GBW 07403) . K & I B9 ( GBW
07309) . 41 (GBW 07103) . #i A i L4 £1 (GBW
07184 ) PUA> 251 i Bk Ak 7 73 B b HEH) S5, 3 Sl Bk
20 fy, Hovp 10 453 5% T8 B 1R 3 R W 1 0 filk A0 9%

AEFE, 55 10 43 R FH I AR BRA AL 3 . RS R
VS A AL I 28 1Y) B I A ICP — MS AT 2, 25 R
LR 11, S AAN B H 2 1 C 7T ICP - AES
PEATIN A , 25 R DL 3R 12, 43 0 i 58 O vk m R 4%
(RSD) FIAEREE .

H12 11 Af LA, DUFR SRR HEDY) BT Nb  Ta
I 5 5 LA HBAE 6% AT, VAR B 8 -, DB
FEIR SR H FEALEE — ICP — MSAMHT 7 138 T — i
BRI 2 S R S RS G L A, BR
12 A UL i S8 AL P B b B — ICP — AES 43 B 77 7
FEDE Nb B REARAS AR & B AL HICP - MS4y#7 7
AL ARG 5 R B 1R 40 Ta & AR
o RS 5 RN A B R S 2 (FE 5 GBW 07309)
FEXR 25 B =i 18 43.08% ,RSD 35 10.4% , i S it B
W7 AR RS A T 20 B Nb . Ta 5 & & AR A o
2.7 JIERRIER

J5 At BR A DA IR 15 43 B 3k e A o o E Y
FARFGHR , 55 1 R 1 A0 R B AR A
FRAT A, 34055 0 2 5 R 1) 2 A R 3 1 s
B . TEMALER &5 B BB AT, 5L
D7 10 By i 2s VSR, T A5 21 04 A o i 2 e LA 3
THAAR BB RN oA 7 2 0 PR R - TR A R
JEALFE - ICP - MS 73 #7 77 % Nb Ta 3 th B 73 71 oy
0.01 pg/g.0.05 wg/g; it E AL TIE AL - ICP -
AES J3H7 777 Nb Ta £ H BR300 0.2 ng/g.2.5
ne/go AL Y, ke A BE T BT FH A0 3 59 L 3
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Table 11 The precision and accuracy of the method with mixed acid pretreatment-ICP-MS at constant atmosphere
B Nb Ta B Nb Ta
) 5 B e 5
= MEM AIX R WEM  AXFRE =l WEM xR MEM X
(pg/g) (%) (ne/g) (%) (ng/g) (%) (pe/sg) (%)
GBW 07404 -1 36.2 -4.74 3.16 1.94 GBW 07309 -1 17.7 -1.67 1.19 -8.46
GBW 07404 -2 35.9 -5.53 2.72 -12.26 | GBW 07309 -2 17.9 -0.56 1.14 -12.31
GBW 07404 -3 36.2 -4.74 2.97 -4.19 GBW 07309 -3 18.3 1.67 1.34 3.08
GBW 07404 -4 40.2 5.79 3.12 0.65 GBW 07309 -4 15.5 -13.89 1.23 -5.38
GBW 07404 -5 39 2.63 3.16 1.94 GBW 07309 -5 17.4 -3.33 1.15 -11.54
GBW 07404 -6 35.1 -7.63 2.98 -3.87 GBW 07309 -6 17.3 -3.89 1.32 1.54
GBW 07404 -7 35.4 -6.84 3.05 -1.61 GBW 07309 -7 18.2 1.11 1.14 -12.31
GBW 07404 -8 41 7.89 3.45 11.29 GBW 07309 -8 18.7 3.89 1.42 9.23
GBW 07404 -9 38.5 1.32 3.21 3.55 GBW 07309 -9 17.6 -2.22 1.24 -4.62
GBW 07404 - 10 36.7 -3.42 3.15 1.61 GBW 07309 - 10 17.3 -3.89 1.23 -5.38
RSD(% ) 5.3 - 5.8 - RSD(% ) 4.7 - 7.2 -
GBW 07103 -1 43.2 8.00 7.7 6.94 GBW 07184 -1 57.3 1.24 114 5.46
GBW 07103 -2 39.1 -2.25 6.96 -3.33 GBW 07184 -2 56.8 0.35 104 -3.79
GBW 07103 -3 41.7 4.25 7.31 1.53 GBW 07184 -3 52 -8.13 101 -6.57
GBW 07103 -4 40.8 2.00 7.18 -0.28 GBW 07184 -4 56.9 0.53 112 3.61
GBW 07103 -5 45.7 14.25 7.68 6.67 GBW 07184 -5 61 7.77 110 1.76
GBW 07103 -6 39.2 -2.00 7.13 -0.97 GBW 07184 -6 51.8 -8.48 117 8.23
GBW 07103 -7 40.5 1.25 7.28 1.11 GBW 07184 -7 55.9 -1.24 109 0.83
GBW 07103 -8 38.6 -3.50 6.55 -9.03 GBW 07184 -8 59.4 4.95 121 11.93
GBW 07103 -9 40.8 2.00 7.35 2.08 GBW 07184 -9 63.2 11.66 122 12.86
GBW 07103 - 10 41.2 3.00 7.42 3.06 GBW 07184 - 10 56.8 0.35 106 -1.94
RSD(% ) 4.9 - 4.4 - RSD( % ) 5.9 - 6.0 -
212 AALWIBRIGALER ICP - AES 537 J5 TAIRRT % B AR
Table 12 The precision and accuracy of the method with Na, O, fusion pretreatment-ICP-AES
B Nb Ta B Nb Ta
) I B e 5
L= WEM X WEM  MXFRE i WEM  AXTRZE MEM XS
(ng/s) (%) (hg/g) (%) (ng/'g) (%) (ng/s) (%)
GBW 07404 -1 36.7 -3.42 2.76 -10.97 || GBW 07309 -1 17.4 -3.33 1.68 29.23
GBW 07404 -2 38.7 1.84 3.08 -0.65 GBW 07309 -2 16.2 -10.00 1.49 14.62
GBW 07404 -3 41.7 9.74 3.17 2.26 GBW 07309 -3 17.2 -4.44 1.52 16.92
GBW 07404 -4 42.1 10.79 3.27 5.48 GBW 07309 -4 18.5 2.78 1.54 18.46
GBW 07404 -5 39.7 4.47 3.11 0.32 GBW 07309 -5 17.1 -5.00 1.86 43.08
GBW 07404 -6 36.9 -2.89 2.76 -10.97 || GBW 07309 -6 16 -11.11 1.43 10. 00
GBW 07404 -7 38.5 1.32 3.28 5.81 GBW 07309 -7 16.9 -6.11 1.26 -3.08
GBW 07404 -8 43.2 13.68 3.41 10.00 || GBW 07309 -8 18.9 5.00 1.67 28.46
GBW 07404 -9 38.5 1.32 3.14 1.29 GBW 07309 -9 17 -5.56 1.71 31.54
GBW 07404 - 10 38.1 0.26 3.21 3.55 ||GBW 07309 -10 18.8 4.44 1.45 11.54
RSD( % ) 5.4 - 6.4 RSD(% ) 5.6 - 10.4 -
GBW 07103 -1 40.1 0.25 7.31 1.53 GBW 07184 -1 57.2 1.06 109 0.83
GBW 07103 -2 39.1 -2.25 7.42 3.06 GBW 07184 -2 58.5 3.36 114 5.46
GBW 07103 -3 42.7 6.75 7.73 7.36 GBW 07184 -3 55.6 -1.77 108 -0.09
GBW 07103 -4 40.2 0.50 7.58 5.28 GBW 07184 -4 51.6 -8.83 100 -7.49
GBW 07103 -5 37.7 -5.75 6.73 -6.53 GBW 07184 -5 59.4 4.95 118 9.16
GBW 07103 -6 42.1 5.25 6.83 -5.14 GBW 07184 -6 53.5 -5.48 101 -6.57
GBW 07103 -7 40.5 1.25 7.31 1.53 GBW 07184 -7 54 -4.59 103 -4.72
GBW 07103 -8 38.3 -4.25 7.23 0.42 GBW 07184 -8 55.7 -1.59 107 -1.02
GBW 07103 -9 44 10.00 7.08 -1.67 GBW 07184 -9 53.8 -4.95 109 0.83
GBW 07103 - 10 42.7 6.75 7.29 1.25 ||GBW 07184 - 10 60 6.01 115 6.38
RSD( % ) 4.8 - 4.0 - RSD(% ) 4.7 - 5.2 -
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Determination Systems of Nb and Ta in Geochemical Samples and
Rare Earth ores by ICP-MS and ICP-AES

GAO Hui-yan
( China Railway Resources Central Laboratory, Langfang 065000, China)

Abstract: A method to deal with the conditions of incomplete digestion of geological samples, and the complexity of
the analysis for present technologies, along with the routine methods of wet digestion on constant temperature
electric heating plate with mixed acids and Na, O, fusion pre-treatment method and to ease the hydrolysis of Nb and
Ta are describe in this paper. Both Inductively Coupled Plasma-Mass Spectrometry ( [CP-MS) and Inductively
Coupled Plasma-Atomic Emission Spectrometry (ICP-AES) were applied to establish two sets of analysis methods
which can be used to detect the contents of Nb and Ta in geochemical exploration samples and rare earth ores. Wet
digestion on constant temperature electric heating plate is suitable for low content and easy decomposition of samples
with nitric acid-hydrofluoric acid-sulfuric acid by ICP-MS. Na, O, fusion pre-treatment method is suitable for high
content and insoluble samples by using ICP-AES. Through the analysis of a series of national certified reference
samples of soil, stream sediments, rocks and rare earth ores, the results show that mixed acid pre-treatment
coupled with ICP-MS had a linear range of 0 —200 ng/mL and detection limits of Nb and Ta were 0.01 ng/g and
0.05 ng/g, respectively. The relative error was less than 10% , and the relative standard deviation (RSD) was
less than 6% . The Na, O, fusion pre-treatment coupled with ICP-AES had a linear range of 0 — 30 pg/mL,
detection limits of Nb and Ta were 0.2 pwg/g and 2.5 pg/g, respectively. The relative error was less than 10% ,
and the precision (RSD) was less than 7% . The two sets of analysis method satisfy the demand of analysis of Nb
and Ta in samples with a complex matrix, a large range of content and large quantities of samples.

Key words: geochemical exploration samples; rare earth ores; Nb; Ta; constant temperature-electric heating plate
digestion; Na, O, fusion; Inductively Coupled Plasma-Mass Spectrometry; Inductively Coupled Plasma-Atomic

Emission Spectrometry
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