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Abstract: Electron probe microanalysis (EPMA) is a method for in-situ analysis of major element contents in minerals. However, it is a

challenge to improve precision and accuracy for the analysis of trace elements by EPMA. Changing accelerating voltage, increasing beam
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current, and increasing counting time are the common methods to improve the precision. However, these methods are easy to destroy
the samples and cause element migration, resulting in the inaccuracy of the analytical results. Increasing the counting time will also reduce
the analytical efficiency. In this paper, a method of simultaneous determination of an element by multi-spectrometer is proposed to improve
the intensity of characteristic X-ray. In this method, multi-spectrometer is used to measure the characteristic X-ray intensity of an element
simultaneously. The total characteristic X-ray intensity of standard and unknow are obtained by multi-spectrometer. Then, combined the content
of the element in the standard, the content of the element in unknows can be calculated. This method can significantly improve the characteristic
X-ray intensity, leading to high precision and low detection limit. In this study, the contents of Al and Ti in a reference quartz standard were
measured by the method of simultaneous determination of an element by multi-spectrometer, to verify the application of this method in trace
element analysis. Two wavelength dispersive spectrometer with one TAP crystal and one TAPL crystal were used to measure Al simultaneously,
and three wavelength dispersive spectrometer with three PETL crystals were used to measure Ti simultaneously. The multipoint background
method, and the condition of 20 kV accelerating voltage, 500 nA beam current, and 20 um beam diameter were used. The detection limit of
Al and Ti in this study were 2.6x10°3 &) and 2.1x10°(3 o), respectively. The analyses result of Al and Ti in this reference standard were
163.8x10°£5.8x10° 3¢ ) and 56.5x10° £2.0x10™° (3 &) respectively, which are all close to the reference values (154 x10™*£15x 107 for Al

and 57x10™°+£4x107 for Ti), and show a good long-term stability.
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Table 1  The working parameters of WDS
5 TR X-Ray AR 4V /mm FHEE ] /s PHA/SCA
CH1 Ti Ko PETL 87.943 200 Int
CH2 Ti Ka PETL 88.312 200 Int
CH3 Al Ko TAPL 90.876 200 Diff
CH4 Al Ko TAP 90.552 200 Diff
CH5 Ti Ko PETL 88.164 200 Int
2 KRAERE R
Table 2 The counts of peak and background in this study
MR H = Al (cp;{f](z() nA) = Ti (cps/500 nA)
. A+TAP PETLI PETL2 PETL3 PETLI, 2,3
U S5 1 1694.2 919.5 2613.7 2286.1 2093.4 2672.9 7052.4
U S35 2 1685.0 917.3 2602.3 2297.1 2102.8 2678.0 7077.9
W RT3 1693.9 919.0 2612.9 2285.1 2099.7 2678.0 7062.8
U S5 4 1688.1 919.0 2607.1 2291.0 2102.3 2676.6 7069.9
-SR] 1683.9 916.3 2600.2 2291.3 2099.9 2670.6 7061.8
I RITH 6 1698.0 921.0 2619.0 2280.8 2102.1 2677.7 7060.6
U SR 7 1688.8 917.1 2605.9 2289.5 2100.8 2678.8 7069.1
U 2315 8 1694.7 920.5 2615.2 2289.8 2104.4 2669.2 7063.4
W B4 9 1699.4 919.5 2618.9 2283.4 2098.6 2678.7 7060.7
R 1304.1 714.9 2019.0 2139.4 1970.6 2523.6 6633.7
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®3 REMAHSPTASENRER ( x10°)
Table 3 The analytical results of Al contents (x107%) in the quariz standard.
e TAPL S.D.(%) DLBo) TAP S.D.(%) DL(3o) TAPL:TAP  SD.(%) DLBa)
1 165.2 0.36 3.2 161.9 0.51 4.4 164.7 0.30 2.6
2 161.3 0.37 3.2 160.2 0.51 44 161.6 0.30 2.6
3 165.0 0.36 3.2 161.5 0.51 44 164.5 0.30 2.6
4 162.6 0.37 3.2 161.5 0.51 44 162.9 0.30 2.6
5 160.8 0.37 3.2 159.4 0.51 44 161.0 0.30 2.6
6 166.8 0.36 32 163.1 0.50 4.4 166.2 0.29 2.6
7 162.9 0.37 32 160.0 0.51 44 162.6 0.30 2.6
8 165.4 0.36 32 162.7 0.50 44 165.1 0.30 2.6
9 167.4 0.36 3.2 161.9 0.51 44 166.1 0.29 2.6
HiE 164.1 0.37 3.2 161.4 0.51 4.4 163.8 0.30 2.6
R4 AEWEHESFTIEENLER ( x10°)
Table 4 The analytical results of Ti contents ( x10™°) in the quartz standard
JF2  PETLI  SD.(%) DL(3o) PETL2 SD.(%) DL(3o) PETL3 SD.(%) DL(3o¢) PETI(,2,3) SD.(%) D.LQGo)
1 59.1 0.58 3.6 55.9 0.64 3.9 54.3 0.58 3.5 56.2 0.35 2.1
2 63.5 0.56 3.6 60.2 0.62 39 56.2 0.57 3.5 57.7 0.34 2.1
3 58.7 0.59 3.6 58.8 0.62 39 56.2 0.57 35 56.1 0.35 2.1
4 61.0 0.57 3.6 60.0 0.62 3.9 55.7 0.57 35 56.9 0.34 2.1
5 61.2 0.57 3.6 58.9 0.62 3.9 53.5 0.58 35 56.9 0.34 2.1
6 56.9 0.59 3.6 59.9 0.62 3.9 56.1 0.57 3.5 55.5 0.35 2.1
7 60.4 0.58 3.6 59.3 0.62 3.9 56.5 0.57 3.5 56.7 0.34 2.1
8 60.5 0.58 3.6 60.9 0.61 3.9 53.0 0.59 3.5 56.7 0.34 2.1
9 58.0 0.59 3.6 58.3 0.63 3.9 56.4 0.57 3.5 55.9 0.35 2.1
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Fig. 4  Long-term results of simultaneous determination of Al (a)
and Ti (b) contents in quartz standard by multi-spectrometer
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