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Fig. 1 Schematic diagram of the ICP-MS measurement method platform based on online-standard-addition. The platform was in-

house set up based on an auto-sampler and two peristaltic pumps. The digested sample solution (3) was introduced from B

tube continuously by using a peristaltic (@) to a T-joint (®) in which the sample solution from B and a series of standard

solutions (@) from A tube using an auto-sampler (D) were mixed thoroughly. After that, the mixed solutions were introduced

through nebulizer (®)and rotary spray chamber (), ionized in the plasma (®), and then introduced to mass spectrometry (9)

for analysis.
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Fig. 2 Comparison of signal intensities of elements or ratios of signal intensities by using different pipelines for sample injections.

The elements shown were in order of mass numbers shown in Section 2.1. The intensities of elements for sample injection from

A (or B) tube represent the intensities that the standard solution with nominal mass fraction of 20ng/mL was introduced from A

(or B) tube, and at the same time the blank solution (2% HNO;) was introduced from B (or A) tube, shown in Fig.2(a). For

the simultaneous sample injection means that the 20ng/mL standard solution was introduced from A and B tube at the same

time. The intensities of elements for simultaneous sample injection were compared with the sum of the intensities using A tube

and B tube sample injection, respectively, shown in Fig.2(a). The ratio of intensity using A tube injection to the intensity using

B tube injection was about 1.5 for each element, indicating the difference of injection flow for A and B tube, shown in Fig.2(b).

The ratio of intensities for simultaneous sample injection to the sum intensities of A and B injection respectively was about 1,

shown in Fig.2(b).
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Table 1 Methodological parameters for ICP-MS method based on online-standard-addition. The method detection limit (MDL) was
evaluated based on the 3o criterion. The precision was represented by the relative standard deviation (RSD) of 6 repeated
measurements. The linearly dependent coefficient » was evaluated based on the concentration range of 0-500ng/g.

oz PR RSD ARMEARIC AL % ferth bR RSD LRMEAR AR AL
(ne/g) (%, n=6) r () (%, n=6) r
B 0.44 33 0.9566 Zn 0.10 2.2 0.9999
Na 0.19 1.7 0.9998 Ga 0.004 33 0.9998
Mg 0.17 3.9 0.9995 As 0.10 35 0.9997
Al 0.25 0.8 0.9999 Sr 0.013 2.0 0.9997
Si / / 0.7839 Zr 0.075 2.0 1.0000
P 0.32 1.3 0.9986 Nb 0.057 6.1 0.9999
0.90 3.9 0.9998 Cd # # —-0.3704
Ca 0.16 32 0.9998 Sn 0.018 1.8 0.9986
Ti 0.12 1.1 1.0000 Sb 0.054 1.1 0.9905
\% 0.018 2.6 0.9999 Ba 0.071 3.9 0.9998
Cr 0.033 2.0 0.9997 Hf 0.023 3.8 0.9990
Mn 0.046 1.7 0.9999 Ta 0.059 2.9 0.9985
Fe 0.18 1.4 0.9999 w 0.12 2.0 0.9999
Co 0.014 1.6 0.9999 Pb 0.021 34 0.9997
Ni 0.080 1.0 0.9998 Bi 0.012 2.7 0.9997
Cu 0.10 3.0 0.9995

T VFORXT SioR, mTEAERR, BORSHA R A RSD £dli; “#" "% T Cd JLR, BT MoO M MoN iy TR R 2 4%

PR IEIE B, WORS A H R B RSD #idli .
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FRiE—2B AT
233 JkKEEE

FEIE 1.4 PRSI, 7 A KGRI
JUE F iR Sng/mL MIFRHEA R, B B S ATFIRE
Fi VAR (1.3.2 795 it T AR T ), X I B Ty 12 A A 2 T2
HEAT 2% 8%, % B2 E BRI 6 VR Y A X b E e 22
(RSD) %1 F%% 1, RSD & Nb %15 (6.1%) 4, 28 Fht
F A RSD 7E 0.8% ~ 3.9%, FEW )5 155 B BT,
P TREASGE P TR T T B R (5% &
) BRICZAN, AT TS AT HEA THE S -t
RA, BT RMZE e 2 sz mEs i
HERERIRE S -FRifEfESs = iR A, BA H R IR AR
(], IS T EA SRR I BN
2.4 JiTEEE

1 T [ N M = SH SRR AR DG HR HED) T, TR ik
PF AT PR TR JL IR U AR T W) Tt GBW(E)082429 |
GBW(E)082430 L) &2 GBW(E)082431 X il 48 J7 1 )
ALEEMEEATI0AE, ST A RUTF R

c=(c,—co)-R,-F/1000 (1)
K ¢ HEER P RFINDCR IR E (ng/e); o, ARFINIT
R EIEN R (ng/g); co NMHFINICER Y25 17T 5t
WIE (ng/g); R WA HEHAEE (A ) 5 HAE
(B &) ATV BV B 3 L F oA RS 4K

AN TCER B 45 2R D R 5 b v A O 22
%2 Fias, R TTAIER Ca. Zn 9575 A S8
TN 2 9 A M 95 2281 (Ca Zn FH R 22 23 5 K 32% .
13%), 27 Ff o€ & 09 W & o 5 P A X e 2 7
—6.8% ~ 5.1% Z [}, H b F K 43 50 3 1Y AH X i 2
FEE2% S B, R BIIZ T R T A . AR D7 il
SRR S R RGE B FE BRI A ST B ER P
Ry P23 R TIERNARRE DT iR 0 R Tk e
VW BTE AR A T4 e R AR A
AT DA S0 AARRION; 1) 58 A A0, T PN AR 25 5% A [
JCE B IE AR BE R[] A T F ah#h SR T 4
FRdEII A, 55T XGH [ SE R i A5 AL 5 AT
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(B UL A A0 2, 78 SE PR Mo JEARRT, AT REAF
FE R[] F fi SR PR LR 19 B3 T . B4R R HR-
ICP-MS, 43 #E & (Fh 43 #E % > 4000, & 47 HF R
>10000), A LR KFR R R4 2 5 T4 40 9F, 1
B FEAE TS %Mo 00 it ''Cd 38 FU Y 1% 40 L &
Mo'*0 XI'"*sn BT 4T Mo't0 g T
Yo, T TR FEERR (0.019%), L6 75 FE S brEE
i Sn () E B L, TR T LZBS Y . X Cd
W, g 1 R Z 432 8 MoO B4, A4t
JER, TaZ2ms, PRIAIFE oA Cd i, Xk
g LD L T DR - 7 A - R 4 B T
PREROTET e Ag AOMIHRESR, oA Rl
SRR, 2Nb" O B TP BRI (387cps), Mifii
TR T X Ag BT, IHR 8 1h 25 25 A e 1) £l die
fif BT NbO+0,—NbO, +O H K& [ i Y HLEE, 3 X
T Cd il A BRI R
2.5 SR ERREBSE A RS R

[ (57 28 i B B T 12 S A A R B A 88 SRt 1Y
M R R TR AR B R
VAR, I 45 5 T 0 5 2 [ PR R - EE R,
UTAR R H Y VSRS 2 R . R TE—20 5
EJ7 25 AT SR, 254 TAREE ST I 5 A5, SR
(] 457 2 5 ¢ o 1 vk X 4l AR b S KL Crooe Rtk
AP, AT 4 Y. X T SiL K. Cr J6E 435k
FSi7°Si, VKK PCrCr [ F HAE ST o
FEd R R EMNMELSE LT E AL T
BN

D RuM,

R,—R = ,
B L SV x s, (2)

X n
Rb - Rx Z Rini m,
i=1

X

K o, NTFINTTR R (RAIBRE H, ng/g)i ¢, N
W 4 [R5 2 W SR Hh AR T R RIS (ng/g)s m, 5
my, G359 R o - R A () 50 2R R ) B TR 5 T R R
i 5 AR R L R AR BT (); M, A AR R
MIAZ T (g); R AFRFIOCER M [FIAL 2R FFE LG R, R,
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AR Z BRI oo R RIALR R, B SR
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o 6 1 FE—I, & FELRNINbR-HL BoR & 45 B IR B el i 4l g R e 24 ot R A2 3
2 {ELIbR ICP-MS 1575 IR UE (.. 0
c_(c)‘ = 1000)/ M (3)

Table2 Method validation for ICP-MS method based on
online-standard-addition. The calibrated values were
calculated based on the measured values multiplied by
the intensity ratio R;. For the certified values (or
nominal values), the calculated values were used based
on the certified values of standard solutions and the
dilution factors. The relative deviations (RDs) between
the calibrated values and certified values were used to
evaluate the method reliability and accuracy and
calculated by using the equation: RD=(calibrate values-

certified values)/certified valuesx100%.

- WHHE REHE RIEM BELSET ARMm2ET
P age R g gy %)
B 14.1 148 209 206 1.8
Na 132 1.60 21.0 21.6 25
Mg 144 1.52 21.9 21.6 1.3
Al 13.8 1.54 213 21.6 -15
Si 79.5 1.12 88.8 20.6 A
P 133 1.59 21.1 206 28
K 13.5 1.547 20.8 21.6 -35
Ca 182 1.57 28.6 21.6 32.0
Ti 12.9 1.60 207 206 0.5
% 13.8 1.58 217 21.6 0.6
Cr 13.6 1.56 212 21.6 -1.7
Mn 13.5 1.63 22.0 21.6 2.1
Fe 132 1.62 214 21.6 -0.9
Co 12.8 1.67 214 21.6 -0.8
Ni 144 1.58 227 21.6 5.1
Cu 13.0 1.66 215 21.6 -0.4
Zn 152 1.60 243 21.6 13.0
Ga 13.5 1.61 21.8 21.6 0.9
As 14.1 1.55 217 21.6 0.8
Sr 13.9 1.53 212 21.6 -1.8
Zr 134 1.52 204 206 -0.9
Nb 12.9 1.52 19.6 206 -4.6
cd 17.6 1.51 26.5 21.6 A
Sn 16.1 1.50 24.1 243 -0.7
Sb 15.7 1.59 25.0 243 28
Ba 14.0 1.50 21.0 21.6 25
Hf 16.8 1.50 253 243 42
Ta 13.5 1.53 205 206 -0.1
w 133 1.50 19.9 206 3.4
Pb 13.8 1.46 20.1 21.6 6.8
Bi 143 1.48 21.1 21.6 2.1
CRIN R, CHPRUEIEREE (A B SRR (B &) MR E
WS SWEL, IREEARERT; < FORBRISAH MR

HEVE RS (500 1) JE TS VR BE(E,  Am o) 00k B R
10mg/kg, P RBATEEN 3(k=2); “4"FmRHHABITEN L
M <& FmdtTFCd, BT Mo' 0 T, W
IR FH 8 PR SR B BOHE LA T AT S, R A Hh AR R 2

FFSi, T SRR B0 A T E AR R, RS A
w2 # M AR (RO - B )/ % 100% .

K o AR RFINTCR R (ng/e); o ARFINTT
R CRINBEZ A, ng/g); ¢ WRFMNIT R ML
H (ng/g); m, NIE M EIRER & (2); m ARG
TWRINLE: (g)o

X Al B A AR b AT 00, SRR S R RN OT R
G341 B 5] B bR HE ) A P, R DN T 3R e
0.1 ~200ug/g. %J:HZ'KI’VE@J_E"JT{ZJ%ﬁM‘/F ICP-MS

D7 i 235 SR 5 R0 2 TR T v I o 5 SR A T L
B, 2 34 %i‘%@ﬁiﬁﬁi{) g5 IDMS 7%

M 25 R HA R — B w25 1E 1% DLN, E—25
BoUE T ORI EEME . X SiJnE, IDMS i i Tk
Bk FH SRR I A, PR L R DA 35 R ATG Si 25 1, M
Wﬁ% SRR P EE AL, R AT A AT DA %

S Ho SRR 1 £ FH LA S A P vy 4t IJ%I)L Si
E‘J/’E@%{)ﬂ' o AR TR 7 I RS % B (RSD)
SR RM BRI EAR Y W T K., Cr oo®, AJrik
RSD N 1.8% ~ 3.2%, IDMS ¥ ) RSD iy 0.9% ~
1.4%), {03277 15 AR T [RA R A B 15 1 v] AR R
PEm AT AR, BT LUA SO 29 3 iiAs, A W
BRI RY, ZPEAEA T 15min AT SERY 29 FROCE )
M, TSGR e IDMS 35 AT E A
2.6 FrRUEVIBEIEYIRE S

KRR TAEE ST (AL inbr ICP-MS J7 ik, X)
FrUEY) s e Py sh A R b 31 ARl i oo R AT
T, D S AR R E R 2 (RSD) F1 T3 4. T
DX T 5 8 KT 2pg/g M 45 51 RSD 7E 0.6% ~
7.0%, ¥ %5 BE R AF, BRAE T bn HEY) 008 (B 1 75 2
XFF Si. Cd I, h T2 AR LK MoO T4
SO, 2T ETCE SRR HERR Y A5 R, M A5 R A
R VA ] R R v I 1 (B S 3 S0 1 L e
PEPEAL Y(JIF 1343—2022) BYESK, 7EAREY) o2
B, T R 2 D RO [R] R ik o AR TAREEE ST
()7 ENE R Al R R Bn ) S e e P e (R T R 2 —,
XF 29 Fh s 2 0 £ 25 SR AT AR A bR v A 5T R R 45
T2 —, TR UED) TR S (BRI S

3 4iig
T SRR, KR AR S AR (RS bR
HES MR A S Re) Rl 5] A =T IR A, SR )5
Ze 5 ALHE A ICP-MS HEAT R, INITTEEST. T 5 T7F
LRINPRAY ICP-MS DUk vERIN ik, A RO A T
o PR R A 0 e R 1) LA ) [, [) B o
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Table 3 Comparison of the measurement results by using ICP-

MS method based on online-standard-addition and

using isotope dilution mass spectrometry, respectively.

The relative standard deviations (RSDs) and standard

deviations (SDs) of 4 repeated measurements were

listed for each element.

ErEIEM (ng/g)
R IR ICP-MS 1 OO0 | M R D
(%) (%)
Si / / 24.8+1.5 6.0
K 87.4+2.8 3.2 87.7+£0.8 0.9
Cr 50.1+0.9 1.8 50.4+0.7 1.4

IE: IR FIMHESD(i=4); /" FoR T RIVERBRIEMR, Si =
PR, BORFIHMAEZE R & RSD $uif

R TR SRSy B FEARVCHD  BRUEIIA L R0 R A
PRI A M AR5CRAR S Im) , 3E a A h-AR vE ERE I
AR, SEBL T 4l gH 29 AR A% T D
HERRI i, UE TR 5 1 T Al B bR v T
H1 29 FIOCEMEE TAE. FEM-PRiEdE R 22 5
JERZ IR A P A B R, BRSNS T
HERAAS IE, e S0 R P R — 3k . AR vk
Wik SOKE % 5 5 TDMS 940 24, RE9E T 2 br ) i
SEAE T 2L, BAMHTRCRARIETE, 15min A58, 29 Ff
JCE MY, S HrRCR H IDMS 2T B A, A
I e A PR N

TS T AREIN A I 1Y =5 vER 7 LA e
Bl o BT 0 R 0T, TR R RN L A PR

4 AUHEAREV R IR PR S rh A BT R I RS R

Table 4 Measurement results of impurity elements in high

purity molybdenum powder reference material

candidate sample by using ICP-MS method based on
The standard

online-standard-addition. relative

deviations (RSDs) of 4 repeated measurements were

listed.
o FaillEE  RSD P GHEM  RSD
(ng/g) (%, n=4) (ng/g) (%, n=4)
B <15 / Zn <0.3 /
Na 73.4 5.7 Ga 0.4 46
Mg 85.1 1.8 As 12 24
Al 18.1 13 Sr 17.8 3.4
Si / / Zr 16.4 3.0
P 83.3 1.9 Nb <0.2 /
87.4 32 cd / /
Ca 18.6 7.0 Sn 171.2 2.6
Ti 99.6 22 Sb 150.1 29
A 17.7 3.4 Ba 182 3.0
Cr 50.1 1.8 Hf 16.7 1.4
Mn 178.4 15 Ta 19.4 1.7
Fe 122.5 2.8 W 18.7 5.1
Co 20.2 0.9 Pb 15 9.4
Ni 31.6 0.6 Bi 15 10
Cu 199.2 1.5 / / /

B4R T, SO0 T KA Mo FE S B v B B sk ) 4
SR, AR T A #7871 A8 FH T 5 AR s 4 s 1Y)
Si TG E VA MAFTERS S Bl T3 h Cd oo ®, 4 )5 1]
i 2o e v R A5 S RRARAS G, A SCR: FH il 4/
2 AR (R RR) BT % T 6 DA Bk SiL Cd
T P XA

Rapid Determination of Trace Impurity Elements in Pure Molybdenum by

Inductively Coupled Plasma-Mass Spectrometry Based on the Online-

Standard-Addition Method

TANG Yichuan', FENG Yuanyuan'?, ZHOU Tao', CUI Yanjie', ZHANG Jianying"

(1. National Institute of Metrology, Beijing 100029, China;

2. Tianjin University of Technology, Tianjin 300384, China)
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HIGHLIGHTS

(1) A dual-channel simultaneous sampling ICP-MS method based on online-standard-addition was established by
calibrating the difference in sample-standard injection flow rate, and the accurate analysis of 29 trace impurities
in pure molybdenum was achieved.

(2) Based on the principle of the standard addition method, this method can effectively compensate for the matrix
effect of high concentration samples and meet the accuracy requirements of measurement for pure molybdenum
reference material candidates.

(3) The established analysis method is comparable with the IDMS method in terms of accuracy and precision, but
the analysis efficiency, which is hundreds of times higher than that of the IDMS method, is greatly improved.

The measurement of 29 elements can be completed in 15min, and it has the advantage of high throughput.

Online standard addition ICP-MS Merits of this method

® ©) 15min for 29 elements analysis

T ® - _D:Dj MS & . h_undreds oftir‘nes faster _thar_1 IDMS
4 ® ¢ D DA ; * simple and easy for application
| Ei:H:i:b _ = / 1D Auto-sampler

2. (@ Standard solution

R factor (3)Digested sample solution » * +1% relative deviation from IDMS
actor (@ Peristaltic pump

O (3 T-joint Accurate ‘ * —0.1% to 6.8% relative deviation for
(©Nebulizer 27 elements
(DRotary spray chamber
(8)Plasma
(9 Mass spectrometry (HR)

ABSTRACT
BACKGROUND: Molybdenum (Mo) is widely used in aerospace, nuclear industry, integrated circuits, flat display
and photovoltaic solar energy and other fields”™. The purity or impurity content of high purity molybdenum has an
important effect on material properties, so the accurate measurement of trace impurities is the key to quality control.
In the China national standard “Molybdenum Powder” (GB/T 3461—2016), the limits of impurities such as Pb and
Bi which are commonly in the range of 5 to 50mg/kg, are specified. Rapid and accurate analysis of trace or ultra-
trace impurities is necessary with the development of high purity Mo requirements of high throughput analysis.

The ICP-MS method has become the most powerful method for trace impurities analysis in high purity
Mo, but the tedious and time-consuming matrix effect calibration strategies makes it a big challenge to
achieve rapid and accurate analysis. I[CP-MS has the advantages of high sensitivity, good accuracy and the
possibility of simultaneous measurement of multiple elements, compared with AAS, ICP-OES, and GD-MS
methods. However, the matrix effect is heavy in the analysis of high purity Mo, which seriously affects the accuracy
of the measurement results. Matrix matching method, standard addition method and isotope dilution mass
spectrometry (IDMS) based on isotope abundance ratio measurement can effectively compensate for the complex
matrix effect, and accurate analytical results can be obtained, but the analysis processes are complicated, the
efficiency is low, and the cost is high, making it difficult to meet the measurement requirements of high throughput.

To meet the requirements of rapid analysis, on-line analysis based on flow injection™ and tandem

1

calibration®” was used. The online matrix separation and pre-concentration process for flow injection not only

eliminates the matrix effect and reduces the detection limits, but also improves the automation level, and achieves

31331 Wang et al."*! measured a variety of trace metal elements in seawater samples

high throughput measurement!
within 28.5min based on online ion exchange. An online calibration process through a new analytical methodology
called tandem calibration could be achieved based on a dual sample introduction system with two nebulizers

working in parallel*” or a multiple-channel nebulizer®*!, for which the special design of the nebulizer is necessary.
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OBJECTIVES: To develop a rapid and accurate method for the analysis of trace impurities in high purity
molybdenum to meet the requirements of high throughput sample tests.

METHODS: A dual-channel simultaneous sampling ICP-MS measurement method based on online-standard-
addition was established by calibrating the difference in sample-standard injection flow rate. The in-house online
platform was set up based on an auto-sampler and two peristatic pumps. The pure Mo reference material candidates
containing homogeneous impurities with mass fraction of 0.1-200ug/g were used as samples. About 0.1g sample
was digested based on the China national standard GB/T 4325.26—2013 and diluted about 1000-fold for analysis.
The digested sample solution was introduced from a tube (designated as A) continuously by using a peristaltic to a T-
joint in which the sample solution and a series of standard solutions from another tube (B) using an auto-sampler
were mixed thoroughly. The mixed solutions were introduced through a nebulizer and rotary spray chamber, ionized
in the plasma, and then introduced to mass spectrometry for analysis. For more accurate results, the difference flow
rate between the sample and standard tube (the internal diameter of the sampling tube was 0.25mm and 0.38mm for
the sample and standard, respectively) was calibrated by using the 20ng/mL standard solution. The ratio (R;) of
intensity using A tube injection to the intensity using B tube injection was 1.54+0.06 for each element, indicating the
difference of injection flow for A and B tube. The ratio of intensities for simultaneous sample injection to the sum

intensities of A and B injection respectively was about 1.

RESULTS: Methodological parameters for ICP-MS method based on online-standard-addition were
evaluated in terms of method detection limit (MDL), linearly dependent coefficient, precision and accuracy.
The limits of detection of this method based on the 3-c criterion ranged from 0.004pg/g to 0.90ug/g for 29 elements,
which meets the requirements of trace impurities analysis. The linear correlation coefficient 7 of the standard curve
was mostly more than 0.999 at the concentration range of 0-500ng/g. The precision was evaluated by introducing the
Mo digested solutions from A tube and Sng/mL standard solution from B tube simultaneously, and the relative
standard deviations (RSDs) of 6 repeated measurements were low, ranging from 0.8%-3.9% for 28 elements, in spite
of the relative high RSD for Nb (6.1%). The multi-elements standard solution of GBW(E)082429, GBW(E)082430,
GBW(E)082431were used for accuracy evaluation. After flow rate calibration, the relative deviation (RDs) between
measured values and certified values ranged from —6.8% to 5.1% for 27 elements. For Ca and Zn, the RDs were
relatively large (32% for Ca and 13% for Zn), which was probably due to the contamination. To further evaluate the
method reliability, the analytical results of K and Cr were compared with those by using the IDMS method. Relative
deviation of less than 1% between the two methods was found.

Calibration of the difference for flow rate between the sample and standard injection. When the sample
and standard is introduced from different tubes or nebulizers, the efficiency should be calibrated. The mathematical
correction used was first introduced by Salin et al.*®) A dual sample introduction system based on two nebulizers
working in parallel was set up by Canals et al.””! The transport efficiencies for online standard addition were
calibrated and the deviations of less than 3% for Na, K, Ba and Rb elements analysis in different matrixes were
obtained. Different from the reported systems which needed to be specially designed®***!, the online platform in this
work was simple and easy to apply, because it only used a T-joint for the mixing of the sample and standard. This
similar setup was found elsewhere”’>®!. In this setup, the same nebulizer was used for the sample and standard
solution, and thus the same nebulization efficiency was obtained. The difference of signals between using A tube
injection and B tube injection only resulted from the flow rates. In the flow process, fractionation could not occur.
Therefore, the very consistent R, factors were found for different elements, which indicated that it was not needed
for the measurement of R, factors for all elements.

The merits of online-standard-addition ICP-MS method.Satisfactory limits of detection were obtained for
29 elements ranging from 0.004pg/g to 0.90ug/g, which was better than the MDL derived from the China national
— 1152 —
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standard GB/T 4325.26—2013(1pg/g) and was comparable with the reported method based on ICP-MS/MS!. In
fact, compared with the traditional standard addition method, the online method would attenuate the MDL due to the
dilution of sample solution, although Schwartz et al.®”! deemed that there was no obvious difference between online
and traditional methods in terms of SNR (Signal to Noise Ratio) and precision. The good precision 0.8%-3.9% for
28 elements was better than literature”™’>*. Apart from Ca and Zn, the satisfactory accuracy for 27 elements (relative
deviation ranged from —6.8% to 5.1%) was obtained, which was better than the online internal standard method™”’
because of the calibration of matrix effect for the standard-addition method. The comparative results of Cr and K by
using the online-standard-addition method (this work) and the IDMS method showed good agreement of +1%,
which further validates the reliability of this work. It can be concluded that the accuracy and precision of this
established method were comparable with the IDMS method. However, the analysis efficiency and cost showed
obvious advantages, because the measurement of 29 elements could be completed in 15min, and thus the analysis
efficiency was hundreds of times higher than that of the IDMS method.

CONCLUSIONS: The method combined the properties of high accuracy and high throughput, and thus can achieve

rapid and accurate trace impurities analysis in pure Mo.

KEY WORDS: standard addition method; online sample introduction; high purity molybdenum; trace impurity

analysis; matrix effect; inductively coupled plasma-mass spectrometry
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