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HP10 fin#Az (78 IKA A A .

TSR . SR | 2K 120 ] 24 4 A1 Ak 2735 A B
A AR AR, BT R bR A A R (100 mg/LL,
i O R 2R OF 5T BE) L 8RB T R A E AT A T
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i), S g Fr B 4l K il Milli-Q £ St (L BH %l
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Table 1 Operating conditions of the instrument

Parameters Normal mode

RF power/kW 1. 36

Plasma gas flow rate/(I. * min ") 9.0
Auxiliary gas flow rate/(I. * min~ ") 1.50
Nebulizing gas flow rate/(L * min ") 0.88
Sampling depth/mm 5.0

Pumping rate/(r * min ") 15

Steady delay time/s 30

Gas source for the intercepting cone No

Gas flow rate of the intercepting cone/(mL * min~") 0

1.3 KHE
1.3. 1 SR %

(a) B S

WERG AR BURE Sh A 1.0 gORE # £ 0. 1 mg) T3
Vi i B DU B AR R, AT mL RS AR L 10 mL & R
TR 1 100 CLEM i 2= K 5 58 R %, R )5
180 “CZ&E Kk & if T, W5 H 10% s e 7 % % 25 mL
e, AR, AR B, FIECOEATRE

(b) LA T B

W (a) P B T IR b, W 1+ 14
K, A E W pHAE 2 10, ¥ A5 i3 g 2R UUE, 19
FNUEWE C 5 17 YRR C Hh i AR B4 500k 10 %6 1 il 12
R pHEZEG6, SR JEWR D, HE EREHE, HETH
I K B R 7= A UUSE , T pHAE 2 41598 E b F
D
1.3.2 HRAERHRC T

EH R BURE M BE A 1 000 pg/mL 5 GBW(E)
080536 4RFRUEAM 0. 1 mL, BEEVEE K 100 pg/mL
1 GBW(E)080217 Wli#R#EFS W 1 mL T4+ 100 mL
PPM AT, B FRMBEEZIE, 25,18
FIE BB EE M 1 000 ng/mL BIBRHERR C, HERRF
BRI C 0.1,0.2,0.4,0.8,2.0 mL Fi5
100 mL PP BT 25 B e, 2% 8 7 6 B 2 20 2 4
), S EER IR EE N 1.2, 4.8, 20 ng/mL [ R I bR
WEVA R o
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2.1 HmiAmARNIEE

e SRR PR AR AE , I IR AL, R LA IR | R R 5
— R AL . ARSI T 1.0 ghEbn A FIR
BT M SOR . SKRERILR 2.

R2 TEEMHEABRNRBHER

Table 2 Dissolution effect of different dissolving acids

Dissolution Dissolution
Acid system Ratio - effect after
effect :
heating
The initial
reaction was
severe, and Insoluble
Hydrofluoric acid the insoluble  matter does not
substance was dissolve
found in the later
stage
Nitric No obvious No obvious
. . 1:10— . .
acid+hydrochloric R reaction was reaction was
. 10:1
acid observed observed
Nitric Ravid
acid+hydrofluoric 1:10 Slow dissolution _hape
. dissolution
acid
Hydrochloric .
. . . . L Rapid
acid+hydrofluoric 1:10 Slow dissolution . .
acid dissolution

TUREE R, PR PR K R T 8 R A
TSR + S R A 3 76 IS5 1 1 ] S0 V5 o R 5
I ZHE R 1.0 g FERIT, 8 1 mL AR . 10 mL
SRR , 1R i TR
2.2 BB N

SCELL6 ng/mL B Ni FFFExT 4, i il 6 {338
HHRAIN Ta¥e ) J50.50,100., 200,500, 1 000 ng/mlL
(AR SL{A, 22T B10, B11, Ni60., Ni61., Ni62 3% 5|
BRI T O, 45 R IR 1,

i & 10T LA H, 78 S2 56 F 5 35 B PY Ta X 6 1)
TH A LA, AR A T4 2 B S 1 K5 i A
E BYAH L o 7E B0 BE ARV FE AR T 100 ng/mL B, ZH XA |
B TIBREMRT 0%, Hidx—kEE, e
B 5 B A v B g 1 R T K, MR IR T 17 %4
FEah A HE 5 NN I R T 100 ¢ 6, A
e B R ILR TR SR s o B R VA A ST
B BEARVCEC . NARIESE. BT IZRE h mali g
A DC 5 T v 2l B0 R 25 A5, L JE R 25 % %)
RGP WH 4 LA AR AT A AT (81 2), R B
FEAK 200 ng/mL DL S bR 25 B0 25 0 R4, ARl
FHFR LRI LERG N, B(LL L HNFR) 45 R A & i
KB T Ni(LL Sc ol INAR) K I 25 F B i /M 3.
SIS VEE Ni60 fIB11 MWFFEXT 42

Measured values/(ng-ml")
)
T

1 1 1 1 1 1
0 200 400 600 800 1000

Tantalum matrix concentration/(ng+mL™")
BEl1 [ TaE @R EXNE 4 R0

Figure 1 Influence of Ta matrices with different concentrations

on the determination results of other elements.
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Figure 2 The influence of different Ta matrix concentrations on

the determination results (with internal standard calibration).
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TEpH A A ] 10 B, AT PLIE £ 99. 99 %0 LA F B 4K
[ IR X5F 5 00 B N L B A 72 A A S T3
2.4 UBESHMRUAHAR

WHAWGE T 0. 8~1. 4 kW, R IR
5~9 mm, B AR 7. 5~12 L/min, 1<
W 0. 6~1. 1 L/minXf i i 52w, R 45 5% I
3.
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Figure 3 Influence of instrument parameter adjustment on signal intensity.

AL R, —H B E AN RSN, FE
TARWERAET. 5~12 L/min AR & B B M, mEik
AP 0. 6~1. 1 L/minH 7] 0. 88 L/min i {5 5 5
JEEA R A 0 B ERAEG, T R Y R AR R I A
1o 1) 55 A0 I 38 2 R R R T B AR RIOR T Bl
S R D

A E RFIIZ L. 36 kW, SREEIRAE 5 mm | %
BFAME9. 0 L/min, S W 0. 88 L/minfE
ALES Ay AT S8, H Al S e RS A 1 S Bk AT
W,

2.5 ZHEAEERHR

XFRC ]9 Ni L B R RE TAE B A I, A
o R R A AR, BT SR B (cps) S AR BR 2 AR
W 2k, DA 2200 5 10 00 25 110 VR A o A 22 3 8%
VR R H BR , St Jr Bt L A G R BB RS s BR 25 R 5 1
%3,

% 3H LA I, Ni, Bhy i % W ik 1
0~10 ng/mL i B 5 5 S ELMEX R R
U, Bn T L L AR OC R 52 0. 999 4.0..999 8.
Nif B A 0.3 ng/g, B HFR M 1. 2 ng/g.

3 Ni.B&MSEE. ZKMEFREEXRBKLHR. EER

Table 3 Ni, B linear range, linear equation, correlation coefficient, limits of detection, limits of quantitation

Linear range/

Elements Linear equation

Correlation coefficient

Limits of detection/ Limits of quantitation/

(ng+mL ") (ng+g ") (ng+g ")
Ni 0—10 y=79201x+95. 734 0.999 4 0.3 1.0
B 0—10 y=28989x+16662 0.999 8 1.2 3.9
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2.6 BEEXR

e WSI2 56 Oy Tk ) e Al AR B R AT 6 Ukl a2,
Ni. B I {8 A A X5 A5 o A 22 (RSD) 4351 8 1. 7% .
2.2% . ULHAA RS R AR, HARSE IR ILER A,

2.7

AT E LI

SR IR 151 Wsg 3 98 ik D7 vk v B2, 1) AR A

H 23S A 50, 100, 150 ng/g Rl Je %, 5286 45 B
W5,

*4 BUHEHRNBEERBZEENESR

Table 4 Precision test results of Ni and B contents in high-purity Ta

Elements Measured value/(ng+g ") Mean value/(ng =g ") RSD/ %
Ni 73 75 74 73 73 76 74.0 1.7
B 66 66 68 67 65 69 66. 8 2.2

®5 BHSEHRNBRIEMREBHIREUELE R
Table 5 Spiked recovery test for Ni and B contents in high-purity Ta

Addition standard

Measured value after adding

Serial number Elements Initial content/(ng * g ") content/(ng * g-") standard/(ng - g ) Recoveries/ %
1 50 122 96.0
2 Ni 74 100 177 97.0
3 150 225 101
4 50 116 98.0
5 B 67 100 170 103
6 150 225 105

5 A I E J7 12 MR TE 96. 096~1050, 5% X #k
H VE R B T EE L ST 4k B 5 M) Ry
ROVEITEHERIL TR, SSRER SEOCHRIIE ) ph wstaemimis 1), 2RI 200200)

BT TR L, SRR —2 (R 6), BE— LUt A T Ik
YA R e, i R S A I A R R

F6 HEHWELIRLER
Table 6 Results of the accuracy test

The values were
determined by glow

The values were determined
by separation matrix and

Elements . . .
inductively coupled plasma mass discharge mass
spectrometry/(ng+g ') spectrometry/(ng =g ")
Ni 74 79
B 67 71
A
3 FHip

A SCHNT T — Pl B AR S B - R A S A
JG VR I E R Al AH N, B R O . BT X aligE
FEAR X 44 Jot o0 2 I 2 O FR G TR, 2 R KR A
PR BR, W BRI T4 A B R B B RE D)3
1. 36 kW  RFEIREE S mm ., 5 T 9. 0 L/min,
FALS A 0. 88 L/min Xt FE b A7 AT, 2845 T il
HRIRZE S AR ERERR YRR, I IR T AR
R ET , AR RS HERCR AN A Bl 35 T w2l
HNIL B 2% BT 3 & i A9 PR i
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Determination of Ni and B Contents in High-purity Tantalum by
Inductively Coupled Plasma Mass Spectrometry with
Matrix Separation

GONG Chen, HUANG Hui', ZHANG Jiaqi, MIAO Shihai, LI Ying, LI Bentao
(Shandong Institute of Non-metallic Materials, Ji' nan, Shandong 250031, China)

Abstract In view of the interference problem caused by the matrix in the determination of impurity elements
during the testing process of high-purity tantalum, a matrix separation-inductively coupled plasma mass
spectrometry (MS) method was developed to measure the content of impurity elements in high-purity tantalum.
After wet digestion, the samples were subjected to matrix separation, which effectively eliminated the mass
spectrometry interference of the tantalum matrix on impurities. This method examined the interference scenarios of
several influencing factors, including matrix interference ranging from 0 to 1 000 ng/ml., instrument power from
0.8 to 1. 4 kW, sampling depth from 5 to 9 mm, plasma gas flow rate from 7.5 to 12 L/min, and nebulizer gas
flow rate from 0. 6 to 1. 1 L/min, and the optimal analytical conditions were subsequently determined. The results
demonstrated that under the conditions of matrix separation, with an RF power of 1. 36 kW, a sampling depth of
5 mm, a plasma gas flow rate of 9. 0 L./min, and a nebulizer gas flow rate of 0. 88 L./min, the instrument achieved
its optimal analytical and testing state. In this state, the correlation coefficients of the calibration curve equations
for both Ni and B exceeded 0. 999. The Limits of Detection (.LOD) were calculated to be 0. 3 ng/g and 1. 2 ng/g
for Ni and B, respectively. The spiked recoveries ranged from 96. 0% to 105%,and the relative standard deviations
(RSD) of sample testing were less than 3% (2=10). This method features a low limit of detection, and high
accuracy, making it highly suitable for the rapid quantitative determination of Ni and B impurity elements in high-
purity tantalum.

Keywords inductively coupled plasma mass spectrometry; high purity tantalum; matrix separation
HIGHLIGHTS

1) The nitric acid-hydrofluoric acid system was used to dissolve the insoluble high-purity tantalum metal to obtain

a clear solution.
2) Ammonia water was used to remove tantalum from the system to eliminate the mass spectrometry interference
of tantalum during the testing process.

3) The optimal analysis conditions was obtained through parameter optimization research.



