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Abstract: A method of inductively coupled plasma tandem mass spectrometry (ICP-MS/MS) under
O, and NH; reaction modes was developed for the determination of tantalum (Ta), sulfur (S),
phosphorus (P), and silver (Ag) in high-purity hafnium (Hf), and the reaction mechanisms were
investigated. Ammonia precipitation effectively separated the matrix, thus eliminating spectral
interferences and matrix effects from zirconium (Zr) and Hf on the determination of Ag and S.
However, poor recoveries were observed for the detection of Ta and P, necessitating direct

determination. Product ions scanning revealed complex reaction products between Ta" and O,/NH,.
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After parameter optimization, when the O, flow rate was set to 45%, the mass-to-charge ratios (m/z)
of the first quadrupole (Q1) analyzer and the second quadrupole (Q2) analyzer were established at
m/z 181 and 263, respectively, effectively eliminating Hf matrix interference on Ta. At an O, flow
rate of 30%, the primary ion products of P" and S” were *'P'°0" (m/z 47) and *S'°0" (m/z 48), respectively,
allowing interference-free detection by setting Q2 to these m/z values. Under an NH; flow rate of
35%, Ag' formed Ag(NH;)," (m/z 141), which was detected by setting Q1 and Q2 to m/z 107 and 141,
respectively. Internal standard correction was performed using scandium (Sc), caesium (Cs), and
thallium (TI), under optimized experimental conditions, the calibration curves for Ta, S, P, and Ag
determination exhibited excellent linearity (R>>0.999). The method demonstrated detection limits
ranging from 0.000 82 to 0.13 pg/g, with relative standard deviations (RSD, n=11) of 4.3%-9.4% and
spiked recoveries of 92%-110%. This method offers low detection limits, high accuracy, and excellent
precision, making it suitable for the rapid and accurate determination of trace Ta, S, P, and Ag in
high-purity hafnium.
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Table 1 Operating parameters of ICP-MS/MS

28 Parameter Bl Value
SR/ W 1550
SRAFETRE /mm 8.0
BT AER/(L/min) 15.0
A0S it/ (L/min) 1.01
T i/ (L/min) 0.20
JNAEAT A5 L /v 180
AR AT s i /v -5.0
Re R /v -7.0
I8 2 38/ (r/min) 0.10
FALEIRE/C 2
Fiext (m/z) P: 3147
S: 3248
Ag: 107—141
Ta: 181263

T, IR WE Ag. STCER, MK
Hin A 450 pL 2K, KR N2 5 min 5 BT
B, AR 10mL BB P, RS KRR L
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&R2 Q-ICP-MS AEEX TRHEMNTENE RELRE
Table 2 BEC of test elements under different modes by Q-ICP-MS

[y TR S0 BEBEC/ (ng/L)
Mode p g 81T Ag YAg
FRifE(No gas)HEE 7.13 2823 8.5 3.67 0.31
AR (He) B, 89.21 377 17.4 3.95 0.52
ARH) B 54.33 2831 98.19 7.79 1.79
22 BEESBEXI W5 5 5 B2, 10 B 7E NH, 82X J0 75 A 350H B
53 B SR AN RE T BR FEAR RN, 18 RE R K7 T
R R . AL H L T EUKDITE 4 B R Ta—O # it D=799 kJ/mol, O—O % &

BRCH . FRELS 6y 0.10 g @ 4ligAFE S, B 0.2 mL
R A 0.1 mL i B2 #5572 10 mL
BLE W, A Ta, S, P, Ag 22 i 4% 200 ng, 43
SIA 300, 350, 400, 450, 500 uL Z K ITVE; &
BB L AL, LA 4 000 r/min B0 5 min; I 5E
EiEW R Ta, S, P, Ag &8 I IR, [6] i
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Table 3 Effect of ammonia water addition on the determination results

FkE it SO JEAR Y I Matrix concentration [A i % Recovery/%
Weighing sample/g Ammonia added/uL Hf/(g/mL) Zr/(mg/L) Ag Ta P S
0.1002 300 10 31 20.7 28.4 20.1 50.4
0.1013 350 10 31 51.2 20.1 9.5 75.4
0.1035 400 8.2 28 97.8 5.4 35 101.9
0.1021 450 0.5 5.2 100.5 0.5 0.8 103.0
0.1008 500 0.05 0.5 102.8 0.3 0.7 105.8
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Table 4 BEC of S and P under different operating modes of ICP-MS/MS

T Het# 3, He mode H, 17t H, mode 0,f#5 0, mode
Element 5% % Mass pair  BEC/(ug/L) BihiXf Mass pair - BEC/(ug/L) B %F Mass pair ~ BEC/(ug/L)
S 3232 211.4 3232 961.7 32—48 0.97
P 31-31 24.85 31-31 59.79 3147 0.25
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Table 5 Selection of internal standard elements

% R Y i 3t I Recovery/%
Element ORC mode Mass pair (m/z) Sc 45/61 Cs 133/133 Re 187/187 T1 205/205
Ta 0, 181263 62.1 90.3 83.5 99.8
P 0, 31547 100.2 125.8 130.1 120.4
S 0, 3248 99.6 110.5 110.6 105.5
Ag NH, 107141 88.5 101.3 105.4 103.4
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Table 6 Calibration curves and detection limits
JLR i=90) PRiETI 2L LIRS R iz H BR
Element Mass pair (m/z) Calibration curve Correlation coefficient Detection limit/(pg/g)
Ta 181—-263 =0.0026x+2.8x107° 0.9999 0.13
P 31—47 y=0.0022><1074x+0.0024 0.9997 0.088
32—48 y=0.0031x+0.0292 0.9999 0.10
Ag 107141 3=0.0126x+2.9863x10™ 0.9995 0.00082
R BHBRNELSRKmMREIKZE
Table 7 Results of high purity hafnium and spiked recovery
JCHR MEE AR B UE M 22 s i HEEISS = [
Element Background value/(pg/g) RSD/% Spiked/(ng/g) Measured value/(pg/g) Recovery/%
Ta 10.45 4.5 10 20.05 96.0
P 8.86 43 10 19.52 106.6
S 4.24 6.2 5 9.74 110.0
Ag 0.55 9.4 0.5 1.01 92.0
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