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Table 1 Measurement conditions of elements by WDXRF
— s ; i —_—— L LI PHA
LR A& Ot araiE MRS wm RIS . 20/(°) /()
U/kvV i/mA LL UL
Si Ka ouT PET 0.46 pPC 50 60 109.152/40 s 112.045/20 s 130 300
Al Ka ouT PET 0.46 PC 50 60 145.009/40 s 147.157/20 s 100 300
Fe Ka F-Ti LiF1 0.15 SC 50 60 57.500/20 s 58.095/20 s 100 350
Ti Ka ouT LiF1 0.23 SC 50 60 86.120/20 s 90 400
Na Ka ouT RX35 0.23 pPC 50 60 25.935/40 s 130 300
K Ka ouT LiF1 0.46 PC 50 60 136.700/30 s 100 300
Ca Ka ouT LiF1 0.46 pPC 50 60 113.151/40 s 100 300
Mg Ka ouT RX35 0.23 pPC 50 60 21.500/30 s 100 300
Ka ouT RX35 0.23 SC 30 100 40.385/100 s 90 350
F Rh - Ka ouT LiF1 0.23 SC 50 60 18.500/40 s 140 330
Rh - Kace ouT LiF1 0.23 SC 50 60 17.561/40 s 100 350
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Table 2 Analytical results of elements in synthetic standard

materials

i w/%
%5 S0, ALO; CaO MgO Na,0 K,0 F  TiO, TFe,0,
FLI  36.54 56.37 0.38 0.15 0.11 0.32 4.08 0.5 0.31
FI2  48.57 35.53 1.41 0.0051 0.015 0.24 11.25 0.091 0.54
FI3  43.58 40.41 2.02 0.83 0.73 0.41 9.42 0.25 0.44
FI4  35.04 53.09 2.47 0.32 0.25 1.61 4.09 0.64 0.29
FL5  33.42 56.04 3.51 0.61 0.059 0.062 2.01 0.69 0.73
FI6  35.80 58.81 1.93 0.086 0.066 0.063 0.88 1.32 0.12
FL7  37.88 55.98 0.19 1.08 0.16 0.82 0.36 0.67 0.3l
FI8  26.78 66.39 0.17 0.10 0.30 1.53 0.25 1.70 0.82
FI9  36.42 59.76 0.24 0.066 0.11 0.13 0.95 0.72 0.30
FLI0  30.01 61.54 0.56 2.46 0.12 0.18 1.66 0.70 0.084
FLI1 38.24 46.92 0.98 0.15 0.79 2.29 0.73 6.32 0.62
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Table 3

The melting conditions of kyanite ore with different

dilution ratio
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eSS, B RS SRR B TR R R EE Table 7 The matrix correction of elements
A F RS AR " ARG R BB, L e % g ERE ERTH | HERE SRTH
o JE A : JE A )
FEEEE 1050°C AR ST STt § STt § BT 5
Al - Br Mg Ca,Fe -
*4 KWZHJET#%%%&!‘%YR Fe - Mn Ca Mg -
Table 4 The melting effect of samples at different temperatures F - Fe Ti Al,Fe -
Iy R IITYE S
e 900°C 950C 1000°C 1050C 1100°C %8 ﬁm%ﬂgggﬁﬁ%;ﬁ
F-o1 HAREY R i s B Table 8 The drift correction coefficient of elements
F-2 ARG ST 2] ) _ - _
VIl S ¥ e M S i
Fo3 R AR bas piis K IR EMRIERE JLE EMRIER
Al 1.00300 K 0.99975
265 ARHERRIE T RAIE 850 Si 1.00715 Ca 1.00040
Table 5 Analytical results of F at different melting temperatures Fe 0.99744 Mg 1.01477
Ti 0.99409 F 1.01790
950C 1000°C 1050°C 1100°C
B Na 1.01545

G I w(F) I w(F) I w(F) I w(F)
/keps /% /keps /% /keps /% /keps /%

F-1 - - 0.87469 0.67 0.87834 0.70 0.87712 0.78
F-2 0.95504 1.33 0.96478 1.34 0.95625 1.34 0.95748 1.40
F-3 - - 1.27522 3.96 1.26914 3.91 1.28253 4.22

2.5 Bl Se JiRERAE AN

TE W A0 i ) 20 A o, 25 R D DT R A R
M S H SEREE R IE R B TE LR 6
T3R8, IR 6 B FIH, &R TR 1 I
Bl 5, A OC 228004k Na, O 1 MgO #h, KA K TTE Y
R REIYAE 0. 99 L b, W B AL Bk, |
2 B I, A TTR MBS R IE RELE 0. 99409 ~
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Table 6 The calibration curve parameters of elements

SRR

TFE /% Reifth £k TR ZRE
so, 0-9.00 '° ~6.59130 x 10 %2 + 9.7219967 x10 "% 0.9992
-1.31678 x 10

ALO, 0 ~40.00 y=2.30259 x10 ~'x -4.80236 x10~"  0.9982
©30.00~90.63  y=2.31545x10 "'x —1.86832 0.9996
Fe,0, 0~6.00 y=1.06401 x 10%x +4.5446 x 10 ~3 0.9986
7 2.00~12.62  y=9.72311 x 10x +4.27854 x10 ! 0.9978
TiO,  0~10.00 y=2.92999 x10 'y - 9.47916 x10 "2 0.9987
Na,0  0~11.65 y=6.43479 x10 "'y - 2.02033 10" 0.9567
K,0  0~8.00 y=3.80815 x10 "% - 1.03360 x10 "' 0.9980
a0 0~1.50 y=7.25646 x10 "% - 5.33377x10°2  0.9997
1.00~10.00  y=6.75010 10 ~%x + 1.41230x10~"  0.9992

O 0~1.00 y=3.79327 x10 ~'x - 4.35535x10 "' 0.9565
°70.5~5.00 y=3.40019 x10 ~'x - 2.58761 x10 "' 0.9831
F 0 ~20.00 y=8.21402 x10 "' - 6.51472 0.9972
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Table 9 The detection limits and measurement range of the method

I [ M

w/ % w/ %
Si0, 0.04 0.30 ~90.00|| Na,O 0.04 0.10 ~11.65
Al, 04 0.04 0.20 ~90.63| CaO 0.05 0.10 ~10.00
Fe, 05 0.04 0.10 ~12.62|| MgO 0.02 0.10 ~5.00
TiO, 0.05 0.10 ~10.00 F 0.04 0.10 ~20.00
K,0 0.04 0.10 ~8.00
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Table 11  Comparison of analytical results of elements in samples
w/%
TR

ALO; Fey05 TiO, Si0, Ca0 K0 MO Na0 F

XRF 57.45 0.31 0.72 35.84 0.25 0.11 0.17 0.28 1.21

fk2Fp: 57.28 0.29 0.70 35.72 0.26 0.12 0.17 0.26 1.25

XRF 45.41 0.68 6.94 38.62 0.11 2.51 0.15 1.03 0.32

fh2zp: 45.61 0.69 7.01 38.76 0.11 2.46 0.14 1.09 0.31

XRF 10.58 0.54 0.41 84.03 0.11 2.11 0.12 0.42 0.41

fh2Fp: 10.41 0.56 0.42 83.96 0.11 2.11 0.11 0.44 0.40

XRF 54.43 0.35 0.43 35.06 0.62 0.43 0.30 0.17 6.90

{27y 54.66 0.37 0.41 35.19 0.60 0.42 0.31 0.16 6.71

10 JiikRG R ERERTE
Table 10 Precision and accuracy tests of the method
EhiE e . w/% HEXF iR 2
o s E? 3 y L /0
H LR SHA WETFHE RE/%
Si0, 48.72 48.65 0.5 -0.14
ALO;  40.54 40. 81 0.8 0.67
Fe, 05 0.94 0.96 2.0 2.13
TiO, 0.45 0.47 1.9 4.44
Lan -1 K,0 1.62 1.56 1.1 -3.70
Na, O 0.31 0.33 4.1 6.45
CaO 0.81 0.78 4.0 -3.70
MgO 0.38 0.39 3.9 2.63
F 4.29 4.39 0.7 2.33
Si0, 58.47 58.64 0.6 0.29
AL O;  30.55 30.70 0.9 0.49
Fe, 05 1.26 1.29 1.1 2.38
TiO, 0.35 0.37 1.4 5.71
Lan -2 K,0 0.87 0.91 1.0 4.60
Na, O 2.81 2.78 0.8 -1.07
CaO 0.35 0.36 4.4 2.86
MgO 0.69 0.70 3.6 1.45
F 1.76 1.77 1.9 0.57
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XRF 31.22 0.55 1.25 57.44 0.44 1.91 0.06 2.76 0.59

fh2#g: 31.25 0.58 1.26 57.47 0.45 1.89 0.06 2.81 0.61
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Analysis of F, Na, Mg, Al, Si, Fe, Ti, K and Ca in Cyanite Ores by
X-ray Fluorescence Spectrometry

WANG Mei-ying' , LI Peng-cheng' , LI Yan-hua', LI Ying' , WANG Liu-fang”, CHEN Jing'
(1. Henan Province Rock & Mineral Testing Centre, Key Laboratory of Ministry of Land and Resources Analysis
and Exploration of Precious Metals, Zhengzhou 450012, China;
2. The Second Geological Exploration Institute of Henan Geological and Mineral Exploration and
Development Bureau, Xuchang 461000, China)

Abstract; The analysis of cyanite ores usually uses the alkali fusion system and each component employs various
analytical methods such as weight, capacity, colorimetric determination, Atomic Absorption Spectrometry and ion
selective electrode method. This method not only leads to lower results because of the incomplete fusion of ores, but
also has a long term analysis procedure and complicated operation for refactory cyanite ore samples containing
corundum and rutile, which renders it ineffective in meeting the needs of geological tests. The glass fusion method
to prepare samples and establish an analysis method by using X-ray Fluorescent Spectrometry ( XRF) to
simultaneously determine the major elements in the cyanite ore is discussed and presented. The working curve was
obtained by using various ores standard materials and self-made cyanite management samples containing many ore
components. The determination conditions such as the glass fusion method s dilution ratio, ore fusion temperature
and the effect to the element F were optimized. The chosen sample and the mixed solvent of lithium tetraborate and
lithium metaborate were melted with dilution ratio of 1 : 10 at the temperature of 1050°C. The results by XRF
coincide with the determination values used in the chemical analysis method. The method detection limit is lower
than 0.05% and the method precision degree (RSD, n =7) is lower than 4.5% . This method has easy operation
and good reproducibility and is accurate and reliable. The problem for the ore fusion method for refractory samples
has been overcome and problems arising when using traditional method such as it being time consuming, wasteful of
materials and unable to simultaneous determine all target elements have been solved.

Key words: cyanite ore; fluorine; major elements; glass fusion sampling; X-ray Fluorescent Spectrometry
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