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Table 1 Working conditions of instrument
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emen e st pum crector 3% mA © PHD time/s
P Ka GEIII 300 Flow 30 100 141.01 37~64 15
Si Ka PE002 300 Flow 30 100 109.06 35~67 12
Mn Ka LiF200 300 Flow 50 60 63.01 39~65 12
Ti Ka LiF200 300 Flow 30 100 86.17 38~60 10
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Table 2 Contents of the elements in standard samples and man-made calibration samples

R e B /o R @4 Content w/%

No. Certified reference material and calibration sample P Si Mn Ti
1 0.2000g GBW(E)010391 27.50 0.156 0.70 0.53
2 0.2000g GBW(E)010420 21.49 0.382 1.07 0.62
3 0.2000g GBWO01429 17.90 1.87 0.47
4 0.2000g DH2202 25.11 3.17 5.21 0.931
5 0.2000¢g VSF28/2 16.05 1.11 1.20
6 0.2000g SL.22-03 27.40 0.479 2.10 1.89
7 0.1000g GBW(E)010420+0.1000 g SL.22-03 24.45 0.43 1.59 1.26
8 0.2000g VSF28/2-+20mL 0.1 mg/mL % +4 mL 0.1 mg/mL %k 15.86 2.08 1.19 0.20
9 0.2000g GBW01429-+2mL 0.1 mg/mL £k 17.88 1.87 0.47 0.10
10 0.2000g GBW01429+20mL 0.1 mg/mL i +30mL 0.1 mg/mL %k 17.46 2.80 0.46 1.46
1 0.2000g SL22-03+60mL 0.1 mg/mL # +5mL 0.1 mg/mL %+ 29.10 0.70 2.97 2.00

20mL 0.1 mg/mL 4 +4 mL 0.1 mg/mL %k
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Table 3 Test results of different ratios of oxidant
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No. Oxidants Pre-oxidation effect P Si Mn Ti
1 1.0000g Li;CO3+2.0000g BaO, AL BN R B, R A E T 0.68 1.15 1.87 2.43
2 1.5000¢g Li»CO3+1.5000 g BaO» AL S TR B B A B 0 R B 0.94 0.86 1.02 1.79
3 2.0000g Li>CO5+1.0000g BaO: PRSI B W ) HAk A 0.28 0.59 0.82 1.04
1 2.5000¢g Li;CO;3+0.5000g BaO; OIS oA BB A B0k A 5 4 1.32 1.85 1.53 2.24
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Table 4 Test results of different dilution ratios

- 501 40 ¢ 1 301
- R P 44 14 67 8 B 22 P 49 1K I 67 8 G 22 R I OF- 24 {1 HIGE 67 e G 22
Average intensity/keps RSD/ % Average intensity/keps RSD/ % Average intensity/kcps RSD/ %
P 243.51 0.18 344.62 0.27 429.77 0.36
Si 1.245 2.2 2.696 0.62 3.586 0.68
Mn 3.542 2.0 4.006 0.79 4.415 0.73
Ti 4.240 1.5 5.820 1.1 6.650 1.1
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Table 5 Parameters of calibration curve and detection of limit

JLH LM 815 5 72 LIPEX £ i BR
Element Range w/ % Regression equation Correlation coefficient LOD/(pg/g)
P 15.86~29.10 Y=0.6115X—1.1503 0.9993 32.47
Si 0.156~3.17 Y=0.9273X—0.5581 0.9990 48.78
Mn 0.46~5.21 Y=0.5932X—0.0714 0.9994 57.49
Ti 0.10~2.00 Y=0.6763X —0.0855 0.9989 37.07
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Table 6 Precision results of ferrophosphorus international certified reference material
TR W 5E fE -1 {E NGE 5 AR o v Al 22
Element Found w/% Average w/ % Certified w/ % RSD/ %

P 25.59,25.61,25.64,25.56,25.56,25.72,25.73,25.68,25.74,25.72 25.66 25.69 0.28

Si 1.242,1.237,1.229,1.227,1.245,1.228,1.237,1.245,1.226,1.228 1.234 1.238 0.62

Mn 0.963.,0.948.,0.962.,0.962.,0.966,0.945,0.965,0.958,0.948.,0.952 0.957 0.964 0.83

Ti 0.837,0.829,0.836,0.857,0.845,0.855,0.843,0.837,0.837,0.849 0.843 0.836 1.1
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Table 7 Comparison results of ferrophosphorus samples by XRF and other methods w/ %
B 1# 24 3# 414
R FoAt 77 FoAty 77 FoAt 77 FoAt 75
Element > % HAbT7 7% HALTT 5 HALT7 %
RF RF RF RF
X Other method X Other method X Other method X Other method
P 19.75 19.78 23.61 23.65 18.85 18.82 27.60 27.62
Si 0.82 0.80 3.07 3.05 1.89 1.93 0.75 0.72
Mn 1.87 1.90 4.18 4.23 0.87 0.86 2.35 2.34
Ti 0.63 0.62 0.26 0.25 0.96 0.98 1.56 1.59
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Determination of phosphorus, silicon, manganese and titanium in
ferrophosphorus by X-ray fluorescence spectrometry
with fusion sample preparation

SONG Zu-feng'*,L.U Xiang-dong®,CHEN Hai-feng®, WANG Zhong-le'
JIA Jiang-xia' ,GUO Shi-guang’
(1. Technology Center of Maanshan Iron &. Steel Co., Ltd., Maanshan 243000, China;2. Key Parts of Rail Transit
Technology Innovation Center of Anhui Province, Maanshan 243000, China;3. Jiangsu Yonggang Group
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Abstract: During the determination of ferrophosphorus sample by X-ray fluorescence spectrometry (XRF)
with fusion sample preparation, the key is to solve the problem of platinum-gold crucible corrosion in alloy
sample pretreatment. The sample was firstly pre-oxidized at low temperature in ceramic ruthenium with
graphite on the bottom and then mused at high temperature for sample preparation. A method for determi-
nation of phosphorus, silicon., manganese and titanium in ferrophosphorus by X-ray fluorescence spec-
trometry was established. The calibration samples of ferrophosphorus with certain content gradient were
prepared using certified reference materials of ferrophosphorus according to a certain ratio as well as adding
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standard solution. The content range of calibration curves was broadened. Lithium carbonate and rutheni-
um peroxide composite oxidant were used to pre-oxidize the ferrophosphorus samples by slowly increasing
the temperature from 400 °C to 800°C, avoiding the corrosion of platinum-gold crucible in sample melting
process. The experimental results showed that the prepared glass pieces were uniform and stable under the
following conditions: lithium tetraborate was selected as the flux; ammonium bromide solution was select-
ed as the release agent; the dilution ratio was 40 : 1; the melting temperature was 1100 °C and the melting
time was 20 min. The limits of detection for elements were between 32. 47 ug/g and 57. 49 ng/g. The stand-
ard sample of ferrophosphorus was determined under the optimal experimental conditions. The relative
standard deviations (RSD, n=10) of determination results were between 0. 28% and 1. 1%. The proposed
method was applied for the determination of actual ferrophosphorus samples, and the found results had no
significant difference with those obtained by other methods.
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