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Fig. 1 Schematic diagram of energy dispersive

X-ray spectrometer
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Table 1 Measuring conditions of analyzed element
i SIHTTE R G L B LI E=ainn ] Hikug
G B Analytical Tube Tube Measuring Tube
0
roup line voltage/kV current/pA time/s filter
1 4 (F~SD NaKa, MgKa, AlKa, SiKa 5 2000 600 None
2 4 (Cl~V) CaKa, KKa, TiKa, PKa, SKa, Cl Ka, VKa 12 833 300
3 (Cr~Co) CrKa, MnKa, FeKa, CoKa 20 500 300 Al-50
Ni Ka, CuKa, ZnKa, GaKa 50 6 300 Al-200
4 41 (Ni~Nb) AsKa, BrKa, RbKa, SrKa 50 6 300 (EufBOO
YKa, ZrKa, NbKa, Bala 50 6 300 Cu-300
Lala, Cela, ThLa, ULa 50 6 300 Cu-300
L5 1 4Dk A AN, AR 4 A5 Bila . BrKa B TG R .

+ HE br B GBWO07401, GBW07405, GBW07407 ,
GBWO07449~ GBWO07451 4 15 A Fr . A ke 4%
o BEA 08 TE Y o Y L, SO Y 1 S R
RER ERAE S P & A 20 1 S VU W3R 2,
1.4 H&EHEHE

FREUTE 650 °C 4 4% 1 #9 (10. 000 + 0. 0005) g
Li, B, O;-LiBO, I & Gn = m =67 = 33) FAE
105 CHET A9 (1. 0000+0. 0002) g ¥EM T4 8 4
SR (95% P+5% Aw LI I 2 i% 48 A LINO,
WU .1 500 g/ L LiBr W . ¥ 40 & IR B8 2 0%
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Table 2 Content range of each components

in calibration samples

W C3 | Hilb R
Component Content range Component Content range
Na; O 0.061~8.99 Ni 2.3~276
MgO 0.082~7.77 Cu 2.2~1230
Al; Oy 3.52~29.35 Zn 20~680
SiO; 15.06~90.36 Ga 5.3~39
P:Os 0.031~0.946 As 0.7~412
SO3 0.0125~6.75 Rb 16~466

Cl 24~6300 Sr 24~1100
K, 0O 0.15~5.01 Y 1.9~62
CaO 0.10~35.67 Zr 62~490
TiO, 0.252~3.37 Nb 4.5~685

\% 24~245 Pb 7.0~552

Cr 3.6~410 La 21~62
MnO 0.02~0.23 Ce 25~108
Fe; Oy 2.14~18.76 Th 1.9~54

Ba 120~1140 U 0.4~18

Co 3.4~97 Hf 1.8~28

7 :Naz O MgO, Al; O3 . SiO; \P; 05,805 .K; 0, Ca0 . TiO;
MnO.Fe; Os W& L0 6 AR 000 me/ke.

N
C,=D,~XL,Z,+ER (14 2a, + Z) (D
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Fig. 2 Calibration curve of Al,O; deconvolutioned with Gaussian function
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Fig. 3 Calibration curve of Al,O; deconvolutioned with the region of interest (ROI)
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Table 3 Comparison of the theory L, and the calculated L, mg/kg
4y GBWO07401 GBWO07407 20 43 GBWO07401 GBW07407
Component Lo 3SD Lo 3SD Component Lo 3SD Lo 38D
Na, O 30 870 26 1350 Zn 1.2 4.6 1.3 2.5
MgO 100 240 140 270 Ga 3.4 1.3 1.6 0.3
Al, O3 400 810 300 330 As 4.8 5.0 5.5 0.7
SiO; 88 1740 52 240 Rb 2.7 4.8 0.7 6.2
P05 82 240 200 290 Sr 1.2 14 2.1 1.6
SO 100 270 200 460 Y 2.9 4.0 2.1 0.2
Cl 14 97.4 13 116 Zr 1.6 2.0 1.5 2.6
K, O 20 90 23 30 Nb 2.4 2.5 1.9 3.3
CaO 14 90 15 30 Ba 38.7 97.3 8.6 131
TiO; 11 30 14 90 Pb 0.8 4.6 0.4 3.1
Vv 6.7 5.0 9.4 10.9 La 11 3.5 13 0.2
Cr 3.3 38.4 4.3 57.3 Ce 7.1 10.0 5.5 11.6
MnO 4 90 4.9 12 Th 0.3 2.3 0.1 1.9
Fe, O3 4 90 5.3 90 U 0.3 1.6 0.2 1.5
Ni 1.3 2.5 1.9 3.2 Co 0.3 3.0 0.5 3.6
Cu 1.3 2.5 1.3 0.9 Hf 3.0 0.5 3.6 0.3

TP B 25 X R A AR BE B I A2 10 WG HUHEBR XA ME i 25 (RSD) 2 0.12% ~10. 5% (Na, O 1
W 22 609 3 5 VE A R, R BCE TR E X E, M RSD & 29. 4%, il REJ2 K A /NETE o R A% . H Na #

BARF RS E X, TCE T HUC . &= AC . R Na B8 %5 5 2=
2.3 FHENBRE 2.4 FEWEBHE
B A JERE 5 GBWO7405 $2 18 52 36 7 32 75 Bl i F FC g 4 B9 R o A v R L T o oK 2 Bl 15

6 AT A g A B D B AT AL eI RO R AR EAE Y GBWO7362 FII GBWO07385, 45 R UL
GERR TR 4, R AGREKW L HA M ELORM £ 5, R 5 4R IE EH 5P EER 5
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Table 4 Precision test results of soil samples

4oy bR AEqR R RSD/ 4oy bR A V31 - RSD/
Component Standard Average % Component Standard Average %
Nay O 0.12 0.11 29.4 Zn 494 484 4.8
MgO 0.61 0.58 2.1 Ga 32 33 1.8
Al O5 21.58 21.26 0.96 As 412 409 0.55
SiO2 52.57 51.72 0.78 Rb 117 116 3.9
P, 05 0.069 0.086 10.5 Sr 42 45 0.23
SO, 0.10 0.30 1.9 Y 21 17 4.0
Cl 76 90 10.3 Zr 272 271 0.84
K;0O 1.50 1.55 0.58 Nb 23 20 5.3
CaO 0.10 0.07 2.8 Ba 296 280 1.4
TiO: 1.63 1.02 0.12 Pb 552 560 1.1
\% 166 151 4.7 La 36 40 0.4
Cr 118 126 1.7 Ce 91 118 5.3
MnO 0.18 0.18 0.56 Th 23 22 1.5
Fe, O3 12.62 12.61 0.54 U 6.5 5.1 2.4
Ni 40 44 2.3 Co 12 15 3.4
Cu 144 127 3.4 Hf 8.1 6.5 5.7

¥ . % Na, O, MgO. Al; O3 .Si0; P2 05,805 K, 0.Ca0, TiOz \MnO. Fe, Os 15 B 547 Hg % HAH 4> 19 50547 F mg/kg.

x5 HEBRIEERHOSWERIR
Table 5 Comparison results of silicate samples
GBW07385 GBW07362 GBW07385 GBW07362
M) H 4y
Component  WIEML  WERL B WEE | component | PEM  BUEML il WEf
Standard Found Standard Found Standard Found Standard Found

Na, O 1.32 1.25 0.83 0.98 Zn 96 95 74 70
MgO 2.17 2.14 2.34 2.28 Ga 18 18 17 15
Al O3 13.24 13.40 11.25 11.26 As 9.3 9.9 7.7 4.7
SiO; 63.16 63.49 66.02 66.03 Rb 105 106 121 122
P2 0O; 0.25 0.25 0.09 0.077 Sr 132 133 117 115
SO; 0.066 0.062 0.20 0.17 Y 28 28 34 33
Cl 106 100 758 798 Zr 235 237 275 285
K, O 2.31 2.33 2.41 2.40 Nb 18.2 18 15 14
CaO 3.13 3.17 3.82 3.79 Ba 506 509 567 596
TiO, 0.89 0.91 0.88 0.89 Pb 32 29 19 17
\% 105 105 120 110 La 41 38 45 39
Cr 80 79 79 78 Ce 78 82 90 77
MnO 0.098 0.099 0.1 0.1 Th 12.9 15.0 15 14
Fe; O3 5.44 5.51 6.31 6.33 U 2.6 2.0 3.5 3.7
Ni 38 35 70 68.5 Co 16 13 20 26
Cu 35 37 43 48 Hf 6.5 7.2 7.8 8.1

1 :Na, O, MgO,Al; O3.,Si05 . P, 05 .S05 . K, O,CaO, TiO2 \MnO . Fe, Oy 1Y & 507K % AW 4 #407 H mg/kg.
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Determination of thirty-two components in silicate by energy

dispersive X-ray fluorescence spectrometer with

fusion sample preparation

LI Xiao-li' , XIE Ying-qiang”, WANG Xue-lian? , DU Xue-miao'
YANG Jian-guo* ,PENG Meng®
(1. Institute of Geophysical and Geochemical Exploration, Chinese Academy of Geological Sciences, Langfang

065000, China;2. Haohua Chemical Science & Technology Corp.s Ltd.s Luzhou 646000, China;3. Chengdu

Analytical & Testing Center, Sichuan Bureau of Geology and Mineral Resources, Chengdu 610000, China)

Abstract : In order to give full play to the functions of small laboratory instrument, 32 major, minor, trace
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components in silicate sample (including Na, O, MgO, Al,O,, SiO,, P,0O;, SO,, Cl, K,0O, CaO, TiO,,
V, Cr, MnO, Fe,O,, Co, Ni, Cu, Zn, Ga, Rb, Sr, Y, Zr, Nb,As,Ba, La, Ce, Th, U, Hf and Pb)
were quantitatively analyzed using energy dispersive X-ray fluorescence spectrometer (EDXRF). The sam-
ple was prepared by fusion sample preparation. The optimization of analysis conditions for elements was
focused. Moreover, three different spectrum unfolding methods were compared. The region of interest was
selected for spectrum unfolding for Na, Mg, Al, Si, P, As, Ce, Cr, Cu, Ga, La, Nb, Ni, Pb, Th, U,
V and Y, while the least squares fitting of Gaussian function or modified Gaussian function was selected
for other elements. Several representative silicate samples were used to compare the theoretical detection
limit and the detection limit calculated using three times of standard deviation (n=10). It was found that
the average of detection limits calculated using three times of standard deviation was more representative
and meaningful for use. The detection limits of components ranged from 0. 2 ug/g to 1740 ng/g. The preci-
sion tests indicated that the relative standard deviations (RSD) were between 0.12% and 10.5% (Na be-
longed to light element. The determination precision of small energy spectrometry was poor due to low
content). Two certified reference materials of soil were used for accuracy verification, and the found re-
sults were consistent with the certified values.

Key words: energy dispersive X-ray fluorescence spectrometer (EDXRF) ; silicate; fusion sample prepara-

tion; major and minor component





