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Determination of 19 Impurity Elements in Pure Ruthenium by Laser
Denudation-Inductively Coupled Plasma Mass Spectrometry
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Abstract A method for the determination of nineteen impurity elements Mg, Al, Fe, Ni, Cu,Zn,Rb, Rh,
Pd,Mo,Ag,Cd, Sn, Ba, Ir, Pt, Au, Pb and Si in pure ruthenium by Laser Ablation Inductively Coupled
Plasma-Mass Spectrometry(LA-ICP-MS) was developed. The instrument parameters have been optimized:
Giving a laser energy of 60% ,denudation pore size 110 um.the scan rate 50 ym/s.pulse rate of 10 Hz and

the carrier gas flow rate of 0.74 L/min, signal strength and stability is optimum. Because ruthenium
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standard sample is difficult to obtain, in this paper, the ruthenium powder was dissolved at high
temperature and high pressure,elements other than silicon determined by ICP-MS. The relative sensitivity
factor (RSF) of ruthenium powder was determined by ICP-MS. The relative sensitivity factor (RSF) is used to
correct the measured results, the method is accurate and quick. The detection limit was 0. 007—12. 8 ug/g,and the
relative standard deviation ( RSD) was 10%—30% . The method was applied to the quantitative

determination of impurity elements in pure ruthenium. The results were in good agreement with those

obtained by ICP-MS glow discharge mass spectrometry.
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Figure 1 Effect of laser energy on signal strength.
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Figure 2 Effect of laser energy on signal stability.
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Figure 3 Effect of denudation aperture on signal intensity.
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Figure 4 Effect of denuded aperture on signal stability.
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Figure 5 Effect of scanning rate on signal strength
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Figure 6 Effect of scanning rate on signal stability
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Figure 7 Effect of pulse frequency on signal strength.

0 1

RSD/%
n
T

5 10
Jik wh$i4/ Ha

8 BKMIREINESHREEMNTIN
Figure 8 Effect of pulse frequency

on signal stability.

2. 1.5 HA R

FA(He) 1y 3 24 0 4 30 0d™ A i <%
Ji R 5 IR A IS A MS R R K
AIBESS Ml MS H8 K, 52 Fs g Pk AE ST A /N, T
AR 0 ol A ) A R UL A% i 0% R I 5% T
W A AR M o AN [R) ) 2800 I 0 K ot 25 4%
FARTC R G5 0 E AR e I R A S M B
(B 9.10) . 255 F B P M & N 740 mL/min,
2.1.6  Fphra

F 1 7 B — ORI B % 4% L Point



2 BBk AR HOLR - B A SF B R B (ICP-MS) IE I E 2l 57 h 19 R 2R TR 55

80+

60

i Z/(x 10%ps)

401

0 1 1 1 1 1 1
300 400 500 600 800 1000 1200

He/{‘blﬁi‘/(m]‘ * mim™)

B9 HEMEWESEENZI

Figure 9 Effect of carrier gas flow

rate on signal strength.
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rate on signal stability.
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Table 2 Relative sensitivity factor of each element

JLE RSF|Jt#%E RSF|Jt#% RSF||Jt& RSF| K& RSF

Mg 0.82| Cu 0.93| Pd 0.34| Sn 0.93| Au 0.07
Al 0.22| Zn 0.92| Mo 1.51| Ba 1.18| Pb  0.87
Fe 0.92| Rb 0.27| Ag 0.87| Ir 0.34| Si

Ni 6.31|| Rh 1.36| Cd 2.41| Pt 6.13
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Table 3 Detection limit for each element
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JUER KRR MR TR BRI TE R R AR
Mg 1.09 | Cu 0.014| Pd 0.024| Sn 0.026| Au 0.007
Al 0. 39 Zn 0.024| Mo 0.045| Ba 0.009]| Pb 0. 36
Fe 0.25 Rb 0.014] Ag 0.019( Ir 0.010| Si 12.8

Ni 0.014( Rh 0.010| Cd 0.023| Pt 0.029
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Table 4 Results of 2 analytical methods and
precision results of LA-ICP-MS

o~ ICP-MS/ LA-ICP-MS LA-ICP-MS
R gegH P/ (ugeg D RSD/Y
Mg 7.15 8.0 24
Al 28. 44 18.0 16
Fe 3.22 3.0 29
Ni 0. 55 0. 50 15
Cu 0.75 0.70 19
Zn 0.68 0. 60 20
Rb 0. 44 0. 40 29
Rh 3. 14 2. 80 10
Pd 0. 39 0. 40 26
Mo 0.19 0. 40 25
Ag 0.27 0.25 23
Cd 0. 24 0. 30 22
Sn 12.79 11.8 10
Ba 1. 10 1. 30 12
Ir 0. 38 0. 56 23
Pt 0. 45 0.33 29
Au 3.08 2.21 25
Pb <0.1 <0. 36 -
Si - 34.5 30
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