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Table 1 Operation parameters of ICP-MS and ICP-OES

ICP-MS TAE{X# 2 5 AEIEN ICP-OES T/E{X#% 25 HfE
RF I /W 1550 RF I /W 1200
RFEIREE /mm 8.0 FE TR G/ (L s min~ 1) 15.0
HAWE/(L s min 1) 0. 90 TS ViE/(L e min ") 1. 00
B E/(L s min D) 0.35 FEASR R E/(L » min~ 1) 0.70

T/ (res™ D) 0. 20 F/(r+ min~1) 12

W 77 = Bk i WL =5 B2/ mm 8

EEE R/ €1 3 Uit Rl /s 5

FRArEriE /s 0.1 — _

1.2 #RE5H

Nb, Re, Sc, Cs fil Tl AT EAR#fEH K (100 pg » mL ™',
R A 48 X T AR BT st s i ER (MOS 4%, b
SRR T IT AT s SRR . 2K (MOS 9%, KT B 425 ik
T RFARATD s 2. ZBRE O Hral, 765 RL 2 5
BRAFD: ZBRE (FBEL TR A BR A FD s = ol 48
(99.999% , KIWBREMA LB AHRAFD .
1.3 Hik
1.3.1 #&H

HERIFRER 0. 500 0 g = 44854 F 3R VUl 2 B A o, Jn
A5 mL BRI 5 mL SRR . ARIR AN B AL SRR, B
HJGEAT 50 mL BV IR A I, %R S s i i 3
YR 10 mg » mL ',
1.3.2 A%k B

I 1 mL ZEAARYREE R 10 mg » mL ™' BRI FRMUF L
WEBERR R, I 600 pL F K (1+1)F1 1.0 mL Z k- BR #&
ZOhHE . BT RME LINIE 250 ClamEZEHmA 2.7
mL10 g« L7 BRI, AR FEINEA 5 min, B HISH A 15
mL BLEP. ABOIABEIE. ¥ LEEREBE 10
mL F R, A WA E LB FRER. R, 1§
W, A R B S AORR 2s

2 HER51EHE

2.1 BESTFHREMNERCEREHMIEE
KT ICP-MS ¥ 5E s 4 485 h 2 B & Nb Al Re I R

PRI 2R 52 TS BL L% 2.

F2 ICP-MSWUESL4EH Nb 0 Re 2 HRIE T
Table 2 The mass spectrum interference of the determination

of Nb and Re in high-purity tungsten by ICP-MS

il o & T T
93 Nb 186 W+ +
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B AR HER WO ND F1 Re B9 THUSRBEUNIE 1 PR o SEER 45 R 3%
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WS BB/ T 2 pg e mL T, £ET ND AR R
SRR EZ N 0.01 ng « mL™", £ Re 1" Re 4b ) 15 5 45
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Fig. 1 The interference on Nb and Re of W standard

solution with different concentrations
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T I B UTE A R T U0 R 58 42 5l KR
255 B RN AR ORI A7 AR 7 AR AT TE S 1) U R . AT 5
Wi A4S 2 B9 A 5 R 5[] e o P T O R L 2 i R AR A A
FRUS R P AR R MR BE AT A, X ICP-MS W RE 7R A S . SR A
R - TR TR R Vi R b 5+ Ol 25 SR 0 B8 70 A 4 % 3 1A 43 B
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902 A o B, SIS AP 2. 7 mL 10 g « L7' iR
SV W AT HEARYTIE 4 B
2.2.3 BE

AR E PSR R TR R ESBMIE K2 RBAR
B, BRI MBS R I 2 R AR B 5 S R A T Dl iE B K
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Fig. 3 The effect of the amount of buffer solution

on the residual amount of tungsten
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Fig. 4 The effect of aging time on the residual amount of tungsten

2.3 HWiMRTERERE

GO BRI P RRGFEDRWEE T, BB TR
FR AR ES F o 3B Tt 7 2R R TR A RO ) e e
PAUERE S AT RE R AR A . AR SCH R AN AR I R IEAT AL IE
h 5 EEAN TR Y A 06 2 B RO L AR AT B R Y AL IE L
e, IEERRAG . R T =R R B0 P AR oG AT LR
TE 48 AR B8 J5 R SRR M 5 ng + mL ' Nb fll Re #Rfi
WO PR W EE Y R 10 ng » mL~' Se, Cs M1 THRA MR IR
WEAT ICP-MS 5 . 60 min J5 XF AR [ 75 ¥ a8k 47 7 — vk )
FE S TPEAFM TR MBI, g% 3,

R3 ARTERMEE

Table 3 The selection of internal standard elements

2% /0
[ERIPTE SR /%
TR Sc Cs Tl
Nb 101¢121)  90.1(103)  103(11D1) 110(115)
Re 97.9(119)  90.2(86.1) 100(93.5)  107(113)

TE A3 VAR AN ] i) R 4700 5 o 65 AN A TGRS 2R, 355

9 60 min J5 {45 4
Note: The same solution was measured at different times; Short-term
test results are outside brackets and results after 60 minutes

are in brackets

B2 3 WA, S SR A A AR 0T K HEA TR I S 00 N I
LER TG BRI . i 60 min J5 JG P AR G E K IE 3K 45 R
I Wi 2 A 2 K, U A AT I B TR e A B B R 5 &
B, AMERFAWNAREEITRIE; KA Sc, Cs Al THES
NFRICE BT IERT . Nb Hil Re 1y 5l Uit 4 86. 1% ~115%
Z ], BRI R R . AR — AR T
BB, Lh Cs VBN WARSE AT IE I B3 fe B2 3 F 100 %,
g5 b, AT Cs fE RN ILE,

2.4 KMHRFEZR

B0y e sl Akt dh 12 IR 1. 3. 1 S2 38 7 vk JEAT AR S BT A
P, B TR B 1 mg « mL A RE SRS B R AT
ICP-MS Wl 5, Ze vt dm w225 03 B 11 1 v 20 2 4 it 4% B
1.3. 2 SCI0 77 1 A Ak 43 5 )5 4T ICP-MS W5 » 48 v 5 o I
25 VRPN A J5 1 38 P AR o O 25 0 3 A5 A 10 A% T S A R
MERR, SR WME 4 iR, L gEREN, @A E
TR T RIS TH0. KO0E BERE R T Nb Al Re iy & i KR A @
PR RSy B 5 AR A5 Y Oy 1% o BR ATl M2 /e 40483 % Nb Al Re
Fa i ERRERO. 10 pgeg D,

F4 AERURMEEMR(pg - g™')
Table 4 The limits of detection and quantitation(pg + g=')

PR B SRSy B I
[ERILUBIES - — — =
£t B 7 G B 7

Nb 0. 81 2.70 0.007 0.023
Re 0. 61 2.02 0.036 0.12

2.5 EZEMMARE WS
W5 foy e i AR G IR 1. 3 SISy B HEAT N A2 A RS
B, X AT AR B SE 5, SR WK S5,

x5 FHEBEEZEMMAREKE

Table 5 Precision and recovery of the method

R WEME/  RSD/ fnbRd/ I8 Wi fE / m] i
LR (ugeg H % (pug+g b (pgeg /%
Nb 0.024 12 0. 050 0.078 108
Re 0.21 4.8 0. 20 0.42 105

2.6 SEEREERAHT

R A SCHEST A J5 1 08 56 T 8 B AL 1) 135 4 85 4 B of N
A Re S HEAT 5 WCFAT I AE » Jf X A7 A B i 52 56
T E S5 RN 6 FioR

®6 SEMRMEMINE

Table 6 The analytical results of sample

- 7 fE/ Jnbr i/ bz
ERUbr S RSD/?
LR (ug+g D /% (pg+g b m i 2%/ %%
Nb 0.021 8.8 0. 050 109
Re 9.42 1.0 10. 00 100
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Determination of Nb and Re in High Purity Tungsten by Precipitation
Separation-Inductively Coupled Plasma Mass Spectrometry
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Abstract High purity tungsten is an indispensable material in military defense, nuclear industry, semiconductors and other
fields for its high melting point, high density and corrosion resistance. Its physical and chemical properties are greatly affected by
the content of impurity elements. With the rapid development of new material research, the manufacturing of some key
components puts forward higher requirements on the purity of tungsten, and this demand corresponds to strict detection of types
and contents of trace impurity elements in high purity tungsten. Inductively coupled plasma mass spectrometry (ICP-MS) is an
inorganic mass spectrometry technique with a low detection limit and rapid determination of multiple elements. However, some
elements encounter serious mass spectrometry interference problems. Nb and Re in high purity tungsten determined by ICP-MS
are interfered with by the doubly charged ions and hydride ions respectively, which are difficult to be eliminated by reaction cells
and other techniques. In this paper, the tungsten matrix was separated from the solution by precipitation method using lead
acetate as a precipitator to eliminate mass spectral interference. The interference intensity of tungsten matrix on Nb and Re, and
the correction effect of standard internal elements on residual matrix and signal drift were mainly investigated. The experimental
conditions, including sample dissolution solvents, the dosage of precipitator, acidity, temperature and aging time, were also
discussed. The results showed that tungsten matrix solution with a concentration of 1 mg « mL ™' had a significant positive
interference effect on the determination of Nb and Re, and interference intensity enhanced with the increase of tungsten mass

concentration. When tungsten concentration in solution was less than 2 g « mL™' the mass spectral interferences produced by
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tungsten could be ignored (considering the requirement for a determination limit of 0. 10 g+ g '). Through various condition
tests, the final conditions were as follows: sample was dissolved by mixed acid of nitric acid and hydrochloric acid, 600 pL
ammonia (1+1) and 1.0 mL acetic acid-ammonium acetate buffer solution were added, 2.7 mL lead acetate solution with a

! was dripped at 250 °C, and then the solution was heated for 5 min, and entire separation process was

concentration of 10 g « L™
about 10 min; Cs was chosen as the standard internal element. The detection limit of Nb and Re was 0. 007 and 0. 036 pg+ g ',
the relative standard deviation was 12% and 4.8% , and the spiked recovery rate was 108% and 105%, respectively. This
method is simple and fast, and the precision and accuracy of results meet actual requirements for the analysis of high purity

tungsten.
Keywords Inductively coupled plasma mass spectrometry; Matrix separation; High purity tungsten; Niobium; Rhenium
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