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Fig. 1 Pressed-powder method: (a) 0.1g weight sample mold; (b) 0.1g weight sample was pressed; (c) 4g weight sample was pressed.
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1 RAEDN 0.1 (UEMRALIE S 1

Table 1 The optimum instrument parameters for 0.1g sampling weight.

4y IR HLE (kV) HLIT (mA) iR LN BMAS PHA
Sio, Ka 30 120 S4 PET PC 110 ~ 320
ALO; Ka 30 120 S4 PET PC 90 ~ 320
TFe,0, Ka 60 60 S2 LiF(200) SC 100 ~ 350
MgO Ka 30 120 S4 RX25 PC 110 ~ 330
CaO Ka 30 120 S4 LiF(200) PC 100 ~ 320
Na,O Ka 30 120 S4 RX25 PC 100 ~ 320
K,0 Ka 30 120 S4 LiF(200) PC 110 ~ 300
Mn Ka 60 60 S2 LiF(200) SC 100 ~ 350
P Ka 30 120 S4 Ge PC 100 ~ 300
Ti Ka 40 90 S2 LiF(200) PC 100 ~ 320

F2 FEANEDN 4g UERIE AT

Table 2 The instrument measurement parameters for 4g sampling weight.

il IrHTE SRR HUE (kV) HLE (mA) HIRER RIS B PHA
Sio, Ka 1/10 50 50 sS4 PET PC 100 ~ 305
Al,O, Ka 1/10 50 50 S4 PET PC 100 ~ 310
TFe,0, Ka 1/10 50 50 S2 LiF(200) sc 100 ~ 350
MgO Ka 11 50 50 sS4 RX25 PC 110 ~ 350
Ca0 Ka 1/10 50 50 sS4 LiF(200) PC 100 ~ 320
Na,0 Ka 11 50 50 sS4 RX25 PC 130 ~ 270
K,0 Ka 11 50 50 S4 LiF(200) PC 120 ~ 280
Mn Ka 11 50 50 S2 LiF(200) sc 110 ~ 345
P Ka 11 50 50 sS4 Ge PC 155 ~ 270
Ti Ka 1/1 50 50 S2 LiF(200) SC 100 ~ 345

# 3 bR ZREAHI R BIE N DL

Table 3 Standard curve drawing and correction.

4153 L EARRIE HERE (%) LTS
SiO, 32.69 ~ 88.89 Si, Al, Fe, Ca, Mg, K, P 1.10 0.9947
AlLO, 2.84~29.26 Si, Fe, Ca, Mg, K, Na, Mn, Ti, P 0.41 0.9966
TFe,0; 1.46 ~ 18.76 Al, Fe, Ca, Mg, K, Na, Ti, Mn, P 0.087 0.9997
MgO 0.12~3.40 Si, Fe, Al, Ca, Mg, K, Na, Mn, Ti, P 0.085 0.9964
CaO 0.10 ~8.27 Al, Fe, Ca, Mg, K, Na, Ti, Mn, P 0.11 0.9991
Na,O 0.039 ~ 8.99 Al, Fe, Ca, Mg, K, Na, Ti, Mn, P 0.064 0.9994
K,0 0.125~4.31 Al, Fe, Ca, Mg, K, Na, Ti, Mn, P 0.033 0.9992
Mn 218~ 1780 Al, Fe, Ca, Mg, K, Na, Ti, Mn, P 0.0019 0.9986
P 166 ~ 1520 Al, Fe, Ca, Mg, K, Na, Ti, Mn, P 0.0034 0.9943
Ti 127 ~ 20200 Al, Fe, Ca, Mg, K, Na, Ti, Mn, P 0.0100 0.9996

T SEEEEEET, Mo, PL T FEEAAN mekg, HARAD S PAN %.

J ] 15s, MERESATE 4. 10, 15, 20, 25, 30,35 2.2 {X#s&f-iit

M40t FEJ1F Si. Al fll Fe JUE(G S . i 505, SEHSXTHLE . R AR A M LA AR A8 Y
TEARRI R IE] 40N, SRIESGRIEBRA Y] 83507 Tk, Hob s R d i 4L EE Ry
WA, BT RN RIS 2R . T NG R B3R R, 3 A G S R o PR Y
AHIRERTE], B R BERE 60s, He 7356 4E 30t. M) 43 A7 R BE R o 06 B o T AN 2% iR 4% LiF(200).
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Table 4 Precision tests of the method.

RSD (%) RSD (%)
40y rGBW07376 GBW07377 || 47 [GBWO07376 GBWO07377
(n=12) (n=12) (n=12) (n=12)

Si0, 03 04 | Nao| 138 27
ALO, 1.0 12 K,0 0.7 1.0

TFe,05| 0.9 0.8 Mn 1.5 26
MgO 1.7 15 P 34 2.0
Ca0 0.9 0.8 Ti 36 0.9
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Table 5 Accuracy tests of the method.
GBW07425 GBW07428
WMoy ARSI EE BRI E A ARSI EE W EE
FrifEdE FRifE(E
0.1g FEftiE  [RE(%) | 4g FRdhiE  |RE|(%) 0.1g Hfhit  |RE|(%) | 4g FEdhEE  [RE|(%)
Sio, 69.42+0.28 69.64 0.3 66.26 4.6 64.51+£0.36 61.70 4.4 60.72 5.9
AlLO; 13.14+0.06 13.27 1.0 12.35 6.0 14.4340.13 15.16 5.1 14.23 1.4
TFe,04 4.21+0.06 437 3.8 4.19 0.5 5.324+0.06 5.51 3.6 5.48 3.0
MgO 1.20+0.04 1.13 5.8 1.01 15.8 1.90+0.06 2.14 12.6 1.95 2.6
CaO 1.33+0.03 1.44 83 1.32 0.8 2.45+0.05 2.69 9.8 2.52 2.9
Na,O 1.98+0.07 1.98 0 1.74 12.1 1.59+0.07 1.34 15.7 1.14 28.3
K,O0 2.70+0.04 2.76 22 2.69 0.4 2.46+0.07 2.54 33 2.56 4.1
Mn 572+14 603 54 556 2.8 688+15 715 39 676 1.7
P 483+24 485 0.4 498 3.1 730+28 724 0.8 701 4.0
Ti 3920+60 4071 39 3802 3.0 4060+130 4234 43 4072 0.3
GBWO07388 GBWO07378
4oy g ARSI E BRI o ARSI E(E W EE
RCIE PR
0.1g FEfE  [RE[(%) | 4g KERR  |RE|(%) 0.1g Bt [RE[(%) | 4g BES  |RE|(%)
SiO, 67.33+0.36 67.34 0 64.43 43 68.62+0.55 68.12 0.7 66.92 2.5
AlO; 14.49+0.17 14.35 1.0 14.04 3.1 13.21 ~ 13.38(13.31) 13.00 23 12.00 9.8
TFe,04 5.52+0.07 5.78 4.7 5.62 1.8 4.24+0.13 4.33 2.1 4.19 1.2
MgO 1.34+0.11 1.38 3.0 1.33 0.7 1.4140.05 1.38 2.1 1.16 17.7
CaO 1.09+0.05 1.15 5.5 1.10 0.9 2.944+0.10 2.74 6.8 2.75 6.5
Na,O 1.26+0.07 1.24 1.6 1.02 19.0 2.48+0.09 2.66 7.3 2.44 1.6
K,O 2.07+0.08 2.06 0.5 2.06 0.5 2.484+0.10 2.5 0.8 2.42 2.4
Mn 841+15 878 4.4 812 34 960+24 990 3.1 950 1.0
P 287+32 305 6.3 296 3.1 499+15 485 2.8 493 1.2
Ti 4630+70 4809 39 4589 0.9 30204120 3018 0.1 2943 2.5

HE: Mn, P Ti &R0 mgkg, HABHISSGHIBAN %, ALO, MR 95% FARXIH M AT EBIER, 755 N AEERE bR

LHVAT

Fo FERMENO0.1g M 4g GG RN LE

Table 6 Comparison of analysis results between 0.1g and 4g

samples.
SEBRRESD 1IN SEBRAE A 2 I
2H4)
0.1gBEfhiE  4ghEihE | Ol1ghEihE 4gHEiNE

SiO, 72.8 67.88 71.88 70.31
ALO, 8.73 8.59 11.75 11.51
TFe,0; 3.32 3.54 3.52 342
MgO 1.17 1.04 0.75 0.67
CaO 4.72 4.98 2.86 2.99
Na,O 0.49 0.65 2.26 2.16
K,0 1.75 1.83 3.14 3.18
Mn 648 707 774 756
P 361 385 388 428
Ti 2535 2909 2292 2345

e Mn, P, Ti & BAfly mgkg, HAWAL M &N %,
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Table 7 Detection limits of elements.

GBW07120 GBW07730
IS
Sio, ALO, TFe,0, Na,O Mn P Ti MgO CaO K,O
s 0.024 0.0049 0.005 0.01 4.6 4.6 25 0.116 0.003 0.0005
KR 0.07 0.01 0.02 0.03 14 14 75 0.35 0.01 0.002

H: Mn, P, Ti &HALH ng/g, HAMHIS RPN %,

Determination of Major Elements in Small-Weight Soil and Sediment
Samples by X-Ray Fluorescence Spectrometry with Pressed-Powder Pellets

ZHAO Hongkun'?, LIU Yaxuan™", MA Shengming® , ZHANG Yanfei', ZHANG Pengpeng’,
LI Qiang', LI Zhenging', CHEN Qishen', LI Yong®, GU Xue®*, CHEN Honggiang®
(1. Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China;
2. Institute of Geophysical and Geochemical Exploration, Chinese Academy of Geological Sciences, Langfang
065000, China;
3. Tianjin Agricultural University, Tianjin 300384, China;
4. Regional Geology Survey Institute of Hebei Province, Langfang 065000, China)

HIGHLIGHTS

(1) The sample weight necessary for XRF analysis can be optimized by reducing the preparation sample weight and
adjusting the irradiation radius (field of view light barrier).

(2) An XRF method was established to determine the 10 major elements in geological soil and sediment samples
with a weight of 0.1g using pressed-powder pellets.

(3) The test results of reference materials and practical samples verify that the established 0.1g weight sample
analysis method is accurate, and the method precision is higher than 4%. The established method is suitable for

green analysis of small-weight samples.

ABSTRACT: The analysis of small-weight samples utilizing X-ray fluorescence spectrometry (XRF) poses a
pivotal technical challenge in determining the chemical composition of valuable and scarce materials. Furthermore,
the application of XRF to verify the homogeneity of reference materials has sparked debates regarding the minimum
sample weight. At present, most of the geological samples (including reference material) are at the particle size of
74um (—200 mesh) and the conventional sample weight is approximately 4g for XRF analysis with pressed-powder
pellets. Here, 0.1g weight soil or sediment was used for pressed-powder pellet preparation. The diameter of the XRF
spectrometry sample box mask was changed to 12mm, and the diameter of the field view light barrier was reduced
to 10mm. Based on the previously optimized instrumental measurement conditions, we successfully established a
0.1g sample weight analytical method for the quantification of ten major elements (SiO,, Al,Os, TFe,05, MgO, Cao,
Na,O, K,0, Mn, Ti, and P) utilizing wavelength dispersive XRF, which significantly reduced the necessary sample
weight. This method lemployed a diverse range of 32 geochemical reference materials, encompassing variou types
and content gradients. The detection limit of the 0.1g sample weight analysis method was between 14p/g and 0.35%,
and the precisioniitalic>=12) was less than 3.9%. Through comparative analysis, the results of the erence materials
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were all within the standard value range, and the absolute value of relative error (JRE|) was between 0 and 15.7%.

There was no significant difference with the 4g sample weight analysis results (|RE| ranged from 0.3% to 28.3%).

The practical sample results determined by the method of 0.1g sample and the conventional method of 4g sample are

consistent. The established XRF method for the 0.1g weight sample is reliable.

KEY WORDS: X-ray fluorescence spectrometry; pressed-powder pellets; sample weight; soil; sediment
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