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Application of Minipal 4 Portable Energy Dispersive X-ray Fluorescence
Spectrometer in Geochemical Exploration Analysis
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Abstract A method for the determination of 30 components including Na,O MgO AL, O, SiO, CaO Fe,O0,
K,0 As Ba Br Ce Co Cr Cu Ga La. Mn Nb Ni P Pb Rb Sr Th V Y Zn Zr Tiand Mo in
geochemical exploration samples by Minipal 4 portable energy dispersive X-ray fluorescence spectrometer has
been developed. The method provides the advantages of simple operation and more efficiency. The accuracy and
precision of the method can meet the need in field site analysis.
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1 1.2
1.1
Minipal 4 X
49.5 cm x 53 cm X 6¢g
21.5 em 28 kg 1 75 pm
SDD 145 eV 10t
X 9 W 30 keV
1000 pA 75 pm 1.3
100 ~ 240 V 45 ~ 65 Hz
5~35%C 5 Kapton 50
pm Al — thin 50 wm Al 200 pm Mo
100 pm Ag 100 pm 12
Na U 10 7% ~100% GBW 07401 ~ GBW 07415 GBW
90 000/s 07312 ~ GBW 07317 GBW 07103 ~ GBW
1 07109 2
i 2 !
Table 2 The concentration range of each component
in calibration samples
wp wy Wy
iy AlLO;  0.68~29.26 Cr 3.6 ~410 Br 0.8~8
Si-Pin .
£y 58 Si0,  6.65~90.36 Cu 3.1~390 Ga 5.3~39
K,0 0.13~7.48 La 5~164 Nb 1~95
e = Ca0 0.1~51.1 Mn 28 ~2490 Pb 5 ~636
AEH R Fe,03  0.24 ~24.75 Mo 0.4~92 Rb 4 ~1470
Na,0 0.4~3.86 P 140 ~4130 Sr 24 ~1160
MgO 0.08~7.77 Ni 2.3~276 Th 0.5~79.3
Ce  4.2~412.0 || T 78 Y 2~67
LiEa i Ba  10~1210 | V. 3.8-768 | Zn  7~680
Co 1~98 As 2~412 Ir 11 ~1540
@ Al 05 ~ MgO % 107
1 XRF
Fig. 1 Schematic diagram of portable energy 14
dispersive XRF spectrometer )
1
Table 1 Measurement conditions of analyzing elements
U/KV  i/pA t/s ¢=D, -3 L,Z, +ER [1+Y aiij 1
Na Ka Mg Ka Al Ka Si Ka =t
8 70 300 P Ka S Ka 1 c; i D,
K Ka Ca Ka Ba La Ce La
13 650 400 Al-thin  CoKa CrKa FeKa LaLa ' L "
Mn Ka Ti Ke V Ka i Z,
As Ka Br Ka Ga Ka Nb Ka Pb LB m Ei i
30 200 400 Al Rb Ka SrKa Th La Y Ka
Zn Ka 7r Ka Cu Ka 7Zn Ka R; l
Z J o
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5 Minipal 4 26
n ij m 4 v
Table 4 Precision test of the method
XRF RSD/ % RSD/ %
XRF Na, O 1.58 0. 64 Mo 1.3 20.2
MgO 2.48 0.41 Ti 5601.5  0.27
Kg Ka AL O, 9.80 0.48 \% 106.7 2.44
L M Ka Sio, 64.90 1.05 As 8.4 4.76
1 K,O0 1.93 2.07 Br 1.9 2.63
Ca0 6.31 0.063 Ga 13.2 0.38
Fe,0, 5.33 0.056 Nb 16.5 4.24
Ba 426.0 0.94 Pb 22.0 2.27
Ce 65.0 0.77 Rb 70.9 0.99
Co 11.3 3.54 Sr 178.5 0.23
2.1 Cr 81.4 3.19 Th 10.6 5.66
Cu 37.4 2.14 Y 21.9 1.83
La 29.0 12.11 Zn 75.7 0.79
Mn 638.4 0.40 Zr 216.2 0.37
8 Ni 29.0 2.70 P 581.9 4.62
3 @ Na, O ~ Fe, 0, % Ba~P 10°°
Ly 5 ®
3 /R, Table 5 Accuracy test of the method
L,= 3 2 (SS 31 GBW 07309 GSS 34
th
2 S cps/ ug: g R, Na,0  1.37+0.03 1.28 1.44+0.04 1.52 0.11+0.02 0.40
t, s MgO 2.60+0.03 2.66 2.39£0.06 1.70 0.78£0.01 0.93
ALO; 9.45£0.07 9.34 10.58+0.10 8.80 16.20+0.11 14.80
Si0, 64.64£0.13 66.17 64.89=0.11 62.74 65.87+0.14 67.5
3 K,0 1.86+0.03 1.89 1.99+0.06 1.75 1.62+0.02 1.39
Table 3 Detection limits of the method Ca0  6.12£0.07 6.18 5.35+0.09 5.10 0.13+0.04 0.11
Fe,0; 5.03+0.04 5.17 4.86+0.07 4.31 6.35+0.05 6.59
LD/il LD/il LD/il As  5.97£0.35 8.9 8409 87 159x1.0 13.5
per 8 pe' 8 ne* & Ba 4086 430 43018 4627  406+11 360
Na, O 1000 Cr 1.5 Ga 1.5 Ce  59.3:2.0 75 86 731 1163 136.0
MgO 500 Cu 0.7 Nb 1.7 Co  14.2%0.3 11.0 14.4+1.2 12.8 20.6+0.9 18.7
Al 04 130 La 5 Pb 2.0 Cr 71.7+4.7 80.4 85+7  70.2  94.0£3.0 98.2
Si0, 100 Mn 4 Rb 1.2 Cu  38.7+1.4 36.6 32+2 333 28.8+2.0 25.8
K,0 20 Ni 0.5 Sr 1.4 La  32.0+1.1 31 40 £3 32 43.1:1.2 41.3
Ca0 10 Mo 0.6 Th 1.4 Mn  596+7.7 622.5  620£20 557 898 23 922.1
Fe, 0, 6 Ti 5 Y 0.8 Ni  31.6+1.2 33.3 2+2 343 41.3:1.9 427
Ba 5 v 2 Zn 1.0 Ti 5275460 5454.7 5500 £160 4650 677360 6930
Ce 5.0 As 0.6 Zr 1.7 Vo 96.3£2.5 107.7 97+6  89.0 127+2  127.8
Co 1 Br 0.4 p 30 Br  1.2£0.28 2.0  1.2:0.3 2.0 2.310.21 2.30
Ga  13.0£0.6 13.3 14.0£0.6 13.4 21.7£1.0 22.7
2.2 Nb 15+0.5 15.4 182 157 23.5+1.5 23.4
Pb 22.6:x1.4 22.1 233 18.0 30.8+1.4 31.0
GSS 31 Rb  71.8+2.4 71.3 803 80.3 122+2  111.5
12 4 Sr 180 £4 177.5  166+9  163.5 39.3:1.0 39.8
RSD 0.056% ~12.11% Th 8902 10.5 12.4+0.7 12.5 18.7+0.5 20.7
Y  20.7%0.7 21.3 27+2 258 31.8+1.0 31.4
2.3 In 77.2£1.3 75 84 753 T71.23.2 728
5 Ir 2115 213.9 37020 360.3  342£17 334.8
P 576 549.4 67023 695 314.2 340
Mo 0.91 0.60 0.64+0.11 0.30 1.08 1.70
a =" Na, O ~ Fe, 0,
% As ~Mo 10°
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