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ZSX Primus [T B3 4 A8 X 5 2 29 G35 X
( HAMEAT]) X SR R s B Rh #8844, T
fEH T 20 ~60 kV, TAEH T 2 ~ 160 mA B J5E &
30 wm, SLEFEAS 0.5 ~30 mm, 7 B 5 : S2/84 5
s, PC/SC, 4y ¢ & K. RX25/Ge/PET/LiF200/
LiF220,

BRE -53 BIEAEHL( H A4S Maekama AN H]) Bk
J£77 50 MPa,
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Fig.1 Effect of working voltage on the excitation efficiency of

(a) Mg and (b) Sr
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Table 1  Effect of working voltage on the excitation efficiency of

elements such as P and V

T s

In/lye Ing/Tye I/l Iy/lye  Is/Iye  Ip/ Iy
(kV)

30 44.53  35.64 12.70 8.26 2.48 3.74
35 43.24  34.69 11.53 8.63 2.99 4.79
40 40.69  34.11 11.70 9.14 3.33 5.76
45 37.90 32.90 11.50 9.37 3.68 6.46
50 37.07 31.98  10.95 9.51 3.94 7.16
55 36.15 30.99 10.94 9.97 4.22 7.82
60 33.63  30.03 10.59  10.41 4.51 8.21

FE AR A (55 kV) IEHF Rk E T
YEHL A 40 .45 .50 .55 .60 .65 Fi1 70 mA , il 2 by
Y5t GBWO7318 PV 4550 2 1% 4k o AT oo
B IR L, 2R 2 MRS SRR, TR R E
SER, TAEHL M 40 mA ZAHEINE] 70 mA PV 1y
T2k O R RN T R B A AP G R T HL LT AN
T BRI TC R A I R B, B A R —
PR B It o (E2 TAE L 3G in 2 S 30 X 5
A T P 3G 0, Y Al )y 858 B e T
(4 kW) [ 80% Lk _EBf , X ST i fli B KK
AR AR S E TAEHLIR N 60 mA

462 LA BRI PLSCR ORI

Table 2 Effect of working current on the excitation efficiency of

Pand V

P v

I,fq:Fﬁiﬁ W N Hb 5 N N db &l
(mA) TELRRE TR Vi TR TR .

I(keps) Tge (keps) I(keps) e ( keps)

40 5.54 0.52  10.75| 10.68 1.06 10.10
45 6.25 0.56 11.08| 12.03 1.21 9.90
50 6.95 0.67 10.40| 13.34 1.35 9.89
55 7.68 0.68 11.28| 14.70 1.46  10.06
60 8.36 0.76 11.01| 16.04 1.61 9.98
65 9.08 0.84 10.83| 17.42 1.72  10.11
70 9.83 0.89 11.09| 18.75 1.89 9.93
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Fig.2 20 scan spectrum of Pb

AR A 75 S0 DR S5 R A 2 (K 3) "] LUE
M, YRR S A S AT HE AL BT, TR A
I e S8 Ol R A ) A P I A, LT 3 o DR
GEEVEAVRERE SN AR SRR 8 SR S UE e
R (R TR ) o 2 S P T A i 0 R AR
e, N AR IE -2 I o AR B A 22 . X TR
— R OL , AN T 05 5 5 a0 T R
JEE, FHFTBRTY 55 00 B2 1y e B2 (o] TS I b £, 0 48
OIMTREE o0 A A CRe B AR S dLor) o Hi 33
IS SR AT UL, SR FH v i B2 [ U1 45 2R ) A 0 5% 22 B
/TR U 50 B Rl VA S5 SR A AR X R 22

263 PP SR SRR

Table 3  Effect of Cu background on regression results

PRI | A | BRI FATRE | RIREE IR
G5 | (we) |FIEZEE (%) |FRZE (%)

GBWO07301a 28.0 27.9 -0.36 28.0 0.00

GBW07302 4.9 8.4 71.43 4.6 -6.12
GBWO07303 177.0 184.2 4.07 183.4 3.62
GBWO07304 37.0 34.6 -6.49 37.2 0.54
GBWO07305 137.0 138.9 1.39 139.9 2.12
GBWO07306 383.0 385.4 0.63 385.6 0.68
GBWO07307 38.0 37.3 -1.84 37.5 -1.32
GBWO07308 4.1 7.8 90.24 5.0 21.95
GBWO07309 32.0 32.3 0.94 32.4 1.25
GBWO07310 22.6 26.3 16.37 23.8 5.31
GBWO07311 79.0 81.1 2.66 78.9 -0.13
GBWO07312 1230.0 | 1252.6 1.84 | 1251.2 1.72

GBWO07317 11.0 14.5 31.82 11.6 5.45
GBWO07318 66.0 59.2 -10.30 61.7 -6.52
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2.4.2 PR Niimi

IEHH R (PC) AR TE 2, IR S T

(SC) HFHMEILE """ . XHF2Ti ~*Mn 10
R, HAARGEPE—Fp I a8 ZA B RS S e . N
I, 435I PC A SCH s 4R I GBWO7313 FRiEY)
R Ca ~ ' Zn [0 F LR, B K 4 W] WL, PC
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Table 4  Optimal measurement conditions of the elements

I3 BRIk RS 5 i
Fig.3 Pulse height distribution of Ni

2.5 (RAEIME AR AT ILSSUE

ity bR LA, W45 o0 Z Ak JE r i i Ak 1
(ZSX Primus Il AU (A H X R 2GR
T T A9, BARF T3 4, 30 290 5 55 44 n] LIt 2
RIS,

Sive 954 260(°) TS () o o \ )
P PP TLEN — . — Jok s B EIA WEEER Sl
ik e Tk H 5 Tkl H 5

Na Ko RX -25 46.56 48.90 8 4 110 ~320 1/1 S4 PC

Mg Ka RX -25 38.30 39.75 6 3 90 ~ 330 1/1 4 PC

Al Ko PET 144.58 - 4 - 110 ~320 1/1 S2 PC
Si Ko PET 109.01 — 4 110 ~310 1/10 S4 PC
P Ka Ge 141.06 143.30 10 70 ~300 1/1 S4 PC
K Ko LiF1 136.62 - 4 - 110 ~290 1/1 N PC
Ca Ka LiF1 113.11 - 4 - 110 ~300 1/10 S4 PC
Ba La LiF1 87.19 88.54 10 110 ~310 1/1 S4 PC
Ti Kot LiF1 86.13 - 5 - 90 ~400 1/1 S2 SC
V Ko LiF1 77.02 74.32 20 10 110 ~290 1/1 S4 PC
Cr Ko LiF1 69.35 74.32 20 10 140 ~310 1/1 S4 PC

Mn Ko LiF1 62.96 - 5 - 90 ~400 1/1 S2 SC

Fe Ka LiF1 57.51 - 4 - 90 ~ 380 1/10 S2 SC

Co Ka LiF1 52.78 53.86 20 10 90 ~ 360 1/1 S2 SC

Ni Ko LiF1 48.65 49.70 20 10 100 ~310 1/1 S2 SC

Cu Kot LiF1 45.01 46.60 20 10 80 ~350 1/1 S2 SC

Zn Ka LiF1 41.78 42.50 8 4 90 ~ 340 1/1 S2 SC

Ga Ka LiF1 38.90 39.50 10 5 80 ~330 1/1 S2 SC

As Ka LiF1 33.92 35.24 14 80 ~330 1/1 S2 SC

Pb LB, LiF1 28.24 29.60 20 10 90 ~ 300 1/1 S2 SC

Th La LiF1 27.46 29.60 30 15 80 ~310 1/1 S2 SC

Rb Ka LiF1 26.60 25.80 4 2 80 ~310 1/1 S2 SC

Sr Kot LiF1 25.13 25.80 4 2 70 ~320 1/1 S2 SC
Y Ko LiF1 23.77 24.50 10 5 80 ~320 1/1 S2 SC
Zr Ka LiF1 22.52 23.00 6 3 80 ~310 1/1 S2 SC
Nb Ka LiF1 21.38 23.00 10 5 90 ~310 1/1 S2 SC
Bi La LiF1 32.99 35.24 10 5 80 ~300 1/1 S2 SC
Rh Kac LiF1 18. 44 - 8 - 80 ~300 1/1 S2 SC
Rh Ko LiF1 17.55 - 8 - 70 ~ 300 1/1 S2 SC
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o X EAL, 55 AR R il — X P22 nk i oA M BR A 8 A A bl 2 25 A4 1 04k %37 %
80 (%) 236 0.26  2.62  5.83  1.54
70 1 CaO (%) 2.35  0.29 2.72 592 1.64
60 - HXHREZE(%) -0.4  11.5 3.8 1.5 6.5
2 50 INEM (%)  3.52 103 4.17 4.7  6.44
S 40 TFe, Oy JE (%)  3.46 10.44  4.29  4.76  6.39
w30 FARRE (%) -1.7 1.4 2.9 1.3 -0.8
B oot INEM (ng/g) 446 695 496 708 558
10 - P OMEM (pe/g) 432.7  678.8  535.4  703.7 558.2
0 MARE(%) -3.0  -2.3 7.9  -0.6 0.0
10 — ) ) ) \ \ INETH (pg/g) 930 213 614 493 718
20 22 24 26 28 30 Ba WIE{H(ug/g) 922.6 231.1 606.4 470.2 744.4
JRF 178 HAXRZE (%) -0.8 8.5 -1.2 -4.6 3.7
14 PCAISC U Ca ~ 70 57 A 2 1 L s INEM (ue/g) 2710 10800 4210 3950 5310
I _I A _Ljrﬁ_zaﬂ _d ) fliﬁ%ﬁﬂﬂlxﬁiﬂ’nb& Ti WEM (ug/g) 2800.1 11246.8 4274.4 3936.5 5424.9
Fig.4 Comparison of detection efficiency between PC and SC A2 (% ) 33 4 15 _0.3 22
for measurement of 2°Ca — *°Zn WEE (ug/g) 62 247 75 86 119
VoOEM(ugs) 64.2  252.8  69.4  87.7 119.8
% B T GBWOMO2, GBWOTMO, el S
2l v e &
GBW07424 .GBWO07426 .GBW07429 5 NNEFhrifE Cr WEfi(pne/s) 47.8 3779 57.9 643  86.2
YL, AR s T A i PR R B R MXFR%(%) 1.7 2.1 -0.2 9.0 -0.9
SRR, 6 WUOB AT F U, 40T W) 510 180 o T
o . N ‘ Mn WM (pg/g) 519.4 1515.2  718.4  772.4  985.8
%B@fm“ﬁﬁjﬁ%/ﬂ\:ﬁ\ﬂiﬁﬁg ttﬁﬁ”ﬂ:i‘% 50 EJ‘L/L% *HX#&Z“&(%) 1.8 6.7 5.3 ~-0.5 2.3
R IR IR A R — R on R T TR WEM(ng’e) 8.7 223 1.7 12,6 17.6
AR R L G R st gy 0 RGBS e A e
o , SN ., . R ° —z. . - 2. . .
5‘\&@; %ﬁxlﬂﬁlﬁzﬂ/ﬂ%ﬁ‘%?}”ﬁl,%%E?ﬁﬂ }}\%{E(Wg) 19.4 64 25.9 32.4 41.5
GBWO07402 1) Na, 0, GBWO07404 [#] Pb #HX}i% 22 K Ni WiEf(pg/g) 18.4 641 255 323 39.7
F 10% , KARTEE WARX R 2N T 10% , H e o *iﬁgij; R
. e . WiE g : : :
i/gljjiuTﬂﬁIj%/f’tilﬁﬁ#F%E‘Jﬁﬁ%ﬁ%j‘ko Cu U”U%ﬁ(ug/g) 17.3 41.3 20.4 30.1 38.4
BB Y 2, X F A1, Si K, Ca Mn Fe % MR (%) 6.1 3.2 57 3.8 43
TCH I 20 75 A8 VAL IT, AR 5 WEMe) a2 A0 0 T o
o . ‘E’/ Zn WEME(ug/g)  39.6  215.3  59.8  75.9  92.5
(%§4> 7&\%%5 Ymug{ﬁﬁﬁﬁéﬁ%ﬂéﬁ,ﬁynﬁ;ﬁko *HX‘J%%E(%) -5.7 2.5 -0.3 2.7 -1.6
INETE (pg/g) 12 30.6 18.2 16.9  20.5
25 FERnEE S KR Ga EMH(pug/s) 12 30.2 17.7 16.8 20.1
Table 5 Accuracy tests of the method THX#D&%(%) 0.0 1.3 2.7 -0.6 -2.0
NEM (ng/g) 20 58  22.4 18.9  37.8
s T GBW  GBW GBW  GBW  GBW Pb EE(ug/’e) 195 552 247 20.2  38.6
b i 07402 07404 07424 07426 07429 M RE(%) -2.5 -4.8 10.3 6.9 2.1
- PE M (pg/g) 88 75 108 94 116
INEM(%)  1.62  0.11 213 1.99  1.25 PAA
Na,O J5E(H(%) 1.82  0.12  2.01  1.73 1.2 Rb WEM(ug/e) 868 73.9 107.7  93.3  115.5
MIRHR2%E(%) 12.3 9.1 -5.6 -13.1  -2.4 Tﬁﬁmi(%) -t4 -bs =03 =07 -04
IEM(%) 1.04 049 1.31 2.4 1.78 WEMH (pe/e) 187 K 226 239 16
MO WEM(%) 111 040 141 2.59 L St MM (ne/g) 182 78.4  231.6  239.5 114.8
*ﬂ;(ﬁi%f(%) 6.7 0.0 76 75 1'1 FIXHRZE (%) -2.7 1.8 2.5 0.2 -1.0
IEM(%) 1031 23.45  13.8  13.27 15.27 fﬁl‘f{a(“’g/@ 2 265 265 327
ALO; WISEM (%) 10.14  23.48 13.74 12.71 14.95 Y ”‘JE@“’”) 20.739.2 26,5 26329
MR (%) —1.6 0.1 0.4  —42 o1 AR (%) -5.9 0.5 0.0 -1.9 0.6
INEM(%)  73.35  50.95  65.5 60.01 63.63 :{‘ﬁfﬁ(“‘%) 219 500 349 195 272
Si0, WIEM(%) 72.43 49.49 64.71 59.21 64.12 2 ‘)‘“E@Wg) 203.9 S13.1 347.9190.9 - 277.3
HRFRE (%) -1.3  -2.9  —1.2  —1.3 0.8 AR IRE (%)  -6.9 2.6 -0.3 -2.1 1.9
WGEM (%) 2.54  1.03  2.65 2.61 2.35 Tj\fﬁ(“g/g) 27 38165 2185
K0 §ilEfi(%)  2.47  1.05  2.67  2.68  2.38 Nb WEH(pe/g) 27.5 382 155 123195
AHXIERZE (%) -2.8 1.9 0.8 2.7 1.3 MiEE(%) 1.9 0.5 -6.1 2.5 5.4
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Optimization of Measurement Conditions for Geochemical Survey Sample
Analysis by X-ray Fluorescence Spectrometry with Pressed Powder Pellet
Sample Preparation

LIU Yu-chun, LIN Qing-wen, MA Ling, LIANG Shu-ting
(Institute of Geological Experiment of Anhui Province, Hefei 230001, China)

HIGHLIGHTS

(1) The optimal measurement scheme was established for XRF determination of geochemical survey samples.

(2) The accuracy of the method was proved to meet the quality control requirements of geochemical survey
samples.

(3) The method provided basic data for formulating the local standard on analysis of regional geochemical survey

samples.

ABSTRACT

BACKGROUND: Powder compaction is a widely used sample preparation method for X-ray Fluorescence
Spectrometry. However, due to the existence of mineral and matrix effects, the measurement conditions should be
optimized.

OBJECTIVES: To measure 24 major and minor elements in geochemical survey samples.

METHODS: The 7ZSX Primus [l type Wavelength Dispersive X-ray Fluorescence Spectrometer was used to
determine the optimum experimental conditions, such as sample preparation pressure, working voltage and current
of the instrument, spectral lines of the elements to be measured and the efficiency of the detector. The optimum
experimental conditions were verified by analyzing the National Standard Materials ( GBW07402, GBW07404,
GBWO07424, GBW07426, and GBW(07429).

RESULTS: According to the optimum experimental conditions, the National Standard Materials of soil and stream
sediments are analyzed. Individual elements such as Na,O in GBW07402 and Pb in GBW07404 have relative errors
greater than 10% , and other elements have relative errors less than 10% . The relative errors meet the quality
control requirements of geochemical survey samples.

CONCLUSIONS:; The requirement of data quality monitoring has been achieved for the analysis of geochemical survey

samples and the optimized instrument measurement conditions provide reliable basic data for such samples in China.

KEY WORDS: geochemical survey samples; X-ray Fluorescence Spectromelry; analytical spectral lines; detector
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