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Fig.1 Rock samples of kyanite from Henan and Gansu Provinces
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Table 1  Phase analysis results and crystallographic parameters obtained by Rietveld refinement of X — ray diffraction
v g o = B S Sk
B S -, R R/ R s I A AR RS SR
iR=2 (%) (g/cm’) (nm?) a(nm) | b(nm) | ¢(nm) | «(°) B(°) y(°)
98 —004 - 0799 VaE: O 69.6 2.65 0.1130 ]0.4913 | 0.4913 | 0.5404 | 90.00 | 90.00 | 120.00
98 —000 -5699 | %5 22.6 3.67 0.2932 | 0.5573 | 0.7119 | 0.7847 | 73.99 | 89.95 | 78.87
R =6.86% 98 —001 —7444 | g a 3.9 2.73 0.2175 ]0.5286 | 0.5194 | 0.9341 | 79.49 | 85.41 59.61
A ’ N 98 —002 -8230 | A f 0.6 2.56 0.1651 0.5143 | 0.5172 | 0.7403 | 84.14 | 75.20 | 60.15
Ry =9-19% 98 - 004 —5732 KA 0.5 2.59 0.3572 | 0.7181 | 0.7595 | 0.7899 | 113.23 | 103.90 | 103.54
98 —006 - 1852 | H =tk 1.5 2.87 0.9307 |0.5170 | 0.8946 | 2.0210 | 90.00 | 95.36 | 90.00
98 —007 -6735 | L4140 1.2 4.25 0.0624 | 0.4592 | 0.4592 | 0.2961 | 90.00 | 90.00 | 90.00
98 —004 -5584 | WEhA 60.6 3.67 0.2932 1 0.5573 | 0.7119 | 0.7847 | 73.99 | 89.96 | 78.89
98 - 005 - 3283 Wi T 29.6 3.99 0.2548 | 0.4759 | 0.4759 | 1.2990 | 90.00 | 90.00 | 120.00
98 —002 —3352 | ffi/K{EA7 5.6 3.32 0.1180 | 0.9423 | 0.2845 | 0.4402 | 90.00 | 90.00 | 90.00
- R,=5.67% |98 -001 -1963 | =+HF 0.5 2.83 0.7015 |0.5171 | 0.5171 | 3.0291 | 90.00 | 90.00 | 120.00
"7 R,, =8.03% |98 ~001 7624 | fkifs 1 3.25 0.4574 | 0.5232 | 0.9036 | 0.9842 | 90.00 | 100.55 | 90.00
98 -001 -7216 | HuJFA 0.9 2.57 0.6564 | 0.5150 | 0.8899 | 1.4393 | 90.00 | 95.66 | 90.00
98 —005 —0903 | EHhAT 1.7 4.49 0.3451 0.8875 | 0.5475 | 0.7102 | 90.00 | 90.00 | 90.00
98 — 005 - 6873 paE 58.1 2.65 0.1129 ]0.4913 | 0.4913 | 0.5404 | 90.00 | 90.00 | 120.00
98 —006 — 1891 | i % 27.7 3.67 0.2931 0.5574 | 0.7115 | 0.7845 | 74.09 | 90.02 | 78.87
98 —003 - 8360 | ki 1.8 4.31 1.5337 1.1532 | 1.1532 | 1.1532 | 90.00 | 90.00 | 90.00
B3 Rp =7.171% |98 —007 - 7906 N 3.4 3.06 0.4993 ] 0.5361 | 0.9249 | 1.0246 | 90.00 | 100.64 | 90.00
pr =9.72% |98 —001 -1963 | H=HE 0.5 2.84 0.6998 | 0.5199 | 0.5199 | 2.9892 | 90.00 | 90.00 | 120.00
98 -002 -8573 | EMEA 2.5 3.33 0.4366 | 0.9768 | 0.8908 | 0.5220 | 90.00 |106.006| 90.00
98 - 005 - 6870 KA 4.3 2.60 0.3353 | 0.7038 | 0.7648 | 0.7916 | 120.09 | 104.98 | 98.74
98 —003 -7562 | WilkA 1.7 3.40 0.5243 1 0.9380 | 0.9380 | 0.6882 | 90.00 | 90.00 | 120.00
R =7.61% 98 —004 -5584 | WEhA 95.0 3.67 0.2932 | 0.5574 | 0.7118 | 0.7846 | 73.99 | 89.96 | 78.89
RS 4 ’ . 98 - 004 - 0799 VaE o 2.0 2.64 0.1135 [0.4912 | 0.4912 | 0.5431 | 90.00 | 90.00 | 120.00
Ry =10.45% 98 —004 -5786 | [ =kk 3.0 2.91 0.9054 | 0.5196 | 0.8610 | 2.0307 | 90.00 | 94.74 | 90.00
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Fig.2 Comparison of standard addition experiment
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Table 2 Recovery tests of the method

GRLE T A () Efc(g) B (%)
Befh 1 0.9502 0.9505 100.0
B3 0.9502 0.9355 98.4
3] 0.9502 0.9058 95.3
Bedh 4 0.9502 0.9608 101.0
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Fig.3  Comparison of analytical results determined by different

X - ray diffraction quantitative methods
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Table 3

Comparison of analytical results determined by

Highscore and Jade diffraction data treatment

software
Highscore /4 Jade A
B - 1 2 s
éﬁ = . [ZREN N L ( % )
A7 (%) Dy (%) | (%)

RIEASE  69.6 pax: 69.7 | 0.1 0.19
[ 22.6 | W 23.1 | 0.5 2.32
MHiEG 3.9 Y=y 2.4 | 1.5 46.4

Fefh L | @ik 0.6 [HLTe 1.0 | 0.4 42.9

KA 0.5 KA 0.8 | 0.3 53.1

= 1.5 Hzhk 1.7 | 0.2 7.50
&40 1.2 Erava) 1.2 0 0.80
W 60.6 | ik 59.8 | 0.8 1.33

IS 29.6 GRS 28.5 | 1.1 3.68

KA 5.6 | WEAKEA 5.4 | 0.2 4.37
Fem2 | mbk 0.5 |IMBZEE 1.6 - -
Gt 1.0 [ 2M B 2.5 - -
WwHA 0.9 [ coe 1.2 - -

wERE 1.7 A 0.9 | 0.8 59.2

i 58.1 A 57.4 10.77 1.33
WA 27.7 Ayl 28.0 | 0.3 1.08

srma 1.8 | ZEEA S 0.5 | 1.3 117
BRE 3.4 B 0.8 | 2.6 124
M3 | Axtk 0.5 Azt 4.9 | 4.4 164
B 2.5 B 1.3 | 1.2 66.0

KA 4.3 KA 5.7 1.4 29.6
IR A 1.7 |BIE#EKA 1.4 | 0.3 17.5

WA 95.0 | WESA 95.4 | 0.4 0.37
Fef4 | A% 2.0 HYE 1.9 | 0.1 2.05
Hztk 3.0 Bz 2.7 0.3 10.5

M3 T R e dh 4 U 3 Fh2
93 RS RV A 45 R A — 2, 0 i vy
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Correlation of analytical results obtained by

Highscore and Jade softwares
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Fig.5 Comparison of the chemical components of samples
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Quantitative Analysis of Mineral Composition of Kyanite by X - ray
Diffraction with Rietveld Refinement Method

RAN Jing', GUO Chuang - feng”, DU Gu', WANG Feng — yu'
(1. Chengdu Center of Geological Survey, China Geological Survey, Chengdu 610081, China;
2. Sichuan Province Geological Engineering Complex Cooperation, Chengdu 610017, China)

HIGHLIGHTS

(1) Application of the Rietveld refinement method for quantification of mineral concentrations in kyanite was
performed.

(2) The accuracy of the method was superior to the other methods of X — ray quantitative phase analysis, such as
RIR method, adiabatic method, K — value method.

(3) The method can be used to quickly determine the contents of all minerals in kyanite from different mining area.

ABSTRACT

BACKGROUND: The content of minerals in kyanite can be analyzed by chemical phase method, but the
analytical process is very tedious. Moreover, the existence of heteromorphism and refractory minerals can affect the
accuracy of analysis results. An internal standard method by X — ray diffraction (XRD) for direct determination of
kyanite requires the use of pure mineral to draw a standard curve, but it is extremely challenging to purify minerals
due to the inclusion. The differences between the mineral components of kyanite in different mining areas makes the
above two methods applicable only to the quantitative analysis of minerals in the same mining area.
OBJECTIVES: To simplify analysis the process of mineral composition of kyanite and improve efficiency.
METHODS : The content of minerals in kyanite was studied by X — ray diffraction. The X — ray diffraction Rietveld
refinement method was used to analyze the secondary standard materials and field samples of kyanite, and the
results were compared with the diffraction quantitative method and chemical analysis results including RIR method,
adiabatic method and K — value method.

RESULTS; Rietveld refinement method was simple and effective in correcting the diffraction intensity error caused
by the preferred orientation. Accurate results can be obtained by Rietveld refinement method more than other
methods of X — ray quantitative phase analysis, such as RIR method, adiabatic method, K - value method. The
analytic absolute error of minerals with content greater than 5% was less 1% , and significantly lower than the
allowable error. The results obtained by Highscore agree well with results measured by Jade, and the double
difference of results was less than 0. 8% . The relative standard deviation was less than 2. 5% . The spiked
recoveries of kyanite were 95.3% -101.0% .

CONCLUSIONS:; X - ray diffraction with Rietveld refinement method is simple, and can be used to determine the

content of all minerals in kyanite from different mining areas.

KEY WORDS: kyanite; phase composition; X — ray diffraction; Rietveld refinement method ; preferred orientation
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