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ABSTRACT. The chemical ingredients such as SiO;, ALO,, MgO, Fe,0;, Ca0 and TiO, in silica minerals
were determined by X-ray fluorescence spectrometry using a matrix correction method. The synthesiz-
ed standards mixed with reagent grade oxides and the sample were diluted by fusing with 16 times
Li,B,0;. The matrix effects correlated among the ingredients were corrected by the empirical coeffi-
cient method based on the Lucas-Tooth and Pyne model. The analytical results showed relatively good agree-
ment between the different sets of coefficients but were improved with increasing the number of standard.
The accuracy of this method was also examined with the standard reference material of NIST.
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Table 1. Operating conditions of XRF

Spectrometer
Ancde

Voltage

Beam path
Analyzing crystal

Collimator

Rigaku S/MAX E 3080
Rh target

40 kV 60mA

Vacuum

LiF(200} for Ti, Fe, Ca
PET for Si

EDDT for Al

TAP for Mg, Na

Fine (150 gm)

Detector Scintillation counter for
Ti, Fe, Ca

Gas flow proportional
counter for Sj, Al, Mg, Na

Pulse height analyzer  Base line 10V, window 15V

Table 2, Analytical lines and background of measured
angles

Element Analytical line Background
Line Wavelength Peak o
(A) 28

Ti Ka 2.749 86.14 85.0
Si Ko 7.126 109.10 111.0
Al Ka 8.340 142.55 141.5
Mg Ko 9.889 45.23 46.5
Ca Ka 3.359 113.09 111.4
Fe Ka 1.938 57.52 56.5
Na Ka 11.910 55.17 56.0

Table 3. Composition of the synthetic standards
(Unit: Wt.%)

Oxide
Standard TG, Si0, Al;0, MgO CaQ Fe;0; Na0

K1 25 800 100 03 07 25 40
K2 05 830 80 10 110 40 25
K3 1.0 8.0 50 20 30 30 1.0
K4 40 3870 24 30 20 10 06
K5 36 900 16 01 40 04 03
Ké6 03 925 12 07 005 1.7 355
K7 61 935 07 40 05 07 05
K8 005 90 03 34 01 01 0.05
K9 14 986 01 005 03 005 0.1
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Table 4. Interelement cocfficients from seven standards
Analytical Matrix( .GJ-}
Element{ﬁl-) B, ﬂ!TI ﬁ.-si Biat .3x'Mg Bica BiFe
Ti -0.1058061203 -0.0034047920 0.0000003862  0.0006013163  0.0000005838  0.0000010136 -0.0000000037
Si -10.4340742514  0.0050336062  0.0000000271  0.0000001066 -0.0000000598  0.000000184¢  0.0000000193
Al -0.6730581657 0.0113358605 -~0.0000002327 -0.0003000424 0.0000007848 -0.0000008455 -0.0000000225
Mg -0.2588469604 -0.0036514300 0.0000010975  0.0000009461 0.0000021875  0.0000002221  §.0000001606
Ca -0.0720527506  0.0031222575 0.0000609486  0.0000002780 0.0000002807 -0.0000013920 0.0000001109
Fe -0.6468388815 0.00078%9084 --0.0000000149 -0.0000000139 -0.0000000484 -0.0000000540 C.0000000189
Table 5. Interelement coefficients from eight standards
Anaiytical Matrix(g8,)
Element ‘sl' ) 8 Bimi Bisi Biai Bﬂu'[g Bica BiFe
Ti -0.1061286547  0.0004724740  0.0000002082 0.0000008308 -0.0000001340  0.00000039G3 -0.0000000492
Si 16.2369190171  0.0038426939 --0.0000000781 -0.0000000385 -0.0000000694  0.0000000842 -6.0000000151
Al -0.6781633050 0.0114242635 -0.0000002381 -0.0000000443  G.0000007501 -0.0000009017 -0.0000000309
Mg -0.2584010628 -0.0044617261 0.0000011913  0.0000009812 0.0000022005 0.0000002540  0.0000001845
Ca -0.0547284313 0.0073623324 0.0000001%913  0.0000300968 -0.0000004703 -0.0000004713  0.0000000670
Fe -0.0449808453 0.0007281099 --0.00000600090 -0.0000000109 -0.0000000407 -0.0000000568  0.0000000102
Table 6. Interelement coefficients from nine standards
Analytical Matrix( 8
Element(8,) By Aimi Bisi Binl Amy Bica BiFe
Ti -0.10812865357 -0.000472473) 0.0000302092 0.0000008308 -0.0000001340  0.0000003903 -0.0000000492
Si 8.6049668307 0.0041779839 -0.0000000146 -0.0000000213 -0.0000001466 -0.0000000775 -0.0000000043
Al -0.6428871811  0.0115398927 --0.0000001253 -0.0000000648 0.0000006%313 -0.0003008605 -0.0000000037
Mg -0.2562149961  0.0073378868 0.0000005296  0.0000004243  0.0000008161 -0.0000001809  0.0000002079
Ca -0.0672451734  0.0097533021 ~0.0000005173  0.0000000028 0.0000000941  0.0000010116 -0.0000000883
Fe -0.0442603447  0.0609364856 ~0.0000000172 -0.0006000210 -0.0000000683 -0.0000000458 -0.0000000115
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Tabic 7. Analytical results of silica minerals

51 S 2 S 3 S 4 S5 NIST 198
. x o . . § Results
oo e raathod. ¥REr Oher XRF Other XRF Other XRF Other XRF Ocher XRF jer
0.03 0.001 0.016 0.045 0.033 0.01
7 0.03 0.003 0.019 0.048 0.034 0.01
. 0.03 _0.006 0.021 L0052 . .. 0.038 .. 002 )
TiO, 003 ooz OO0 oo (D 0013 g2 0025 (ot 0028 0 002
8 0.03 0.005 0.020 0.049 0.036 0.03
0.03 0.003 0.019 0.047 0.033 0.02
9 0.03 0,003 0.019 0.046 0.034 0.02
98.2 99.0 441 99.2 99.3 95.1
7 97.4 98.9 a8.8 49,1 99.2 95.9
$i0, 3‘7’; 98.2 3’;3 98.1 23'3 98.6 ;’gg 983 Los 983 3;2 96.1
8 97.9 99.2 99.0 99.2 99.3 956
97.4 98.9 98.8 99.1 99.2 95.9
9 97.9 98.7 98.4 98.8 98.9 95.7
0.59 0.52 0152 0.71 0.84 0.17
7 0.57 0.51 0,50 0.70 0.83 0.18
0.55 050 ... 049 . 069 082 o017 .
Al0s 054 086 gy 08T gag 052 geg 096 guy 093 gy 016
8 0.55 0.49 0.48 0.68 0.81 0.16
0.54 0.51 0.48 0.66 0.79 0.18
9 0.54 0.49 0.48 0.68 081 0.18
0.44 0.36 0.33 0.042 0.048 0.03
7 0.44 0.36 0.33 0.041 0.048 0.04
0.44 036 .. 033 0.043 . 0050 ... 003
MyO 043 042 g 034 g 081 gasy 0029 (i 002% g05 007
8 0.44 0.35 0.33 0.041 0.047 0.04
0.44 0.36 0.33 0.041 0.048 0.05
9 0.43 0.34 0.32 0.035 0.041 0.06
0.064 0.12 0.052 0.018 0.025 2.44
7 0.080 0.12 0,082 0.063 0.066 2,10
0.042 . 0.10 0.031 . 0.004 0.005 262
Ca0 D02 051 ply 0du sy 0085 g 001 fol 001 Y 271
8 0.062 0.12 0.050 0.016 0.022 278
0.063 0.12 0.051 0.017 0.023 275
9 0.057 0.11 0.042 0.012 0.013 2.80
0.054 0.071 0.040 0.12 0.13 0.65
7 0.042 0,095 0.036 0.17 0.20 0.83
Fe Oy g'g;g 0.069 g‘g;; 0.076 3‘833 0.056 g'}; 0.13 g}g 0.13 g‘gg 0.66
8 0.056 0.075 0,042 0.12 0.13 0.64
0.056 0.074 0.041 0.12 013 0.64
9 0.055 0.072 0.040 0.12 0.13 0.64
Loss on Ignition 0.09 0.15 0.07 0.21 0.24 0.21

% : Other analytical method(AA, ICP, Wet analysis). y: Empirical coefficient method in XRF.
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