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On-line analysis and detection of rare earth lanthanum,
cerium and yttrium in steel
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(1. Faculty of Materials Metallurgy and Chemistry, Jiangxi University of Science and Technology,
Ganzhou 341000, Jiangxi, China; 2. Xinyu Iron and Steel Co., Ltd., Xinyu 338000, Jiangxi, China)

Abstract: The content and intensity ratio of rare earth in samples were determined by ICP-AES and full
spectrum spark direct reading method, and the database of content and intensity ratio was constructed. The
standard analysis curve suitable for spark direct reading spectrometer was drawn in combination with the
selected analysis lines, so as to realize on-line rapid analysis and detection of rare earth lanthanum, cerium
and yttrium in steel. Studies have shown that the correlation coefficients of the standard analysis curves drawn
under the 2 analysis lines selected for lanthanum, cerium, and yttrium basically meet the requirements of
greater than 0.999, which met the requirements of the laboratory. The contents of lanthanum, cerium and
yttrium in the test sample were determined under the drawn standard analysis curve and compared with the
results determined by ICP—AES. The results show that compared with the standard analysis curves La™, Ce™"
and Y*, the difference range between the measured contents of La™, Ce™ and Y, the deviation rate is smaller,
and the repeatability and accuracy of the detection results are better.
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Fig. 1 Standard analysis curve of lanthanum
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Table 1 Reference value of lanthanum, cerium

and yttrium content

FE i La Z A Ce ZM0H Y 2 H
H7 0.003 7 0.009 6 0.007 3
H6-9 0.002 8 0.008 8 0.011 2
H5 0.000 6 0.004 2 0.003 9
H6-2 0.005 6 0.014 0 0.013 3
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Table 2 Comparison of the measured values of the
standard analytical curves La* and La* with the

calibration values of ICP-AES
AN A5 EL, %

B H, H, H, H,
La Z81H 0.003 7 0.002 8 0.000 6 0.005 6
La* P {f 0.004 1 0.003 2 0.000 9 0.006 0
La™ ff 22 % 9.652'5 13.775 5 57.142 9 6.632 7
La® - ¥){H 0.003 6 0.002 9 0.000 8 0.005 7
La® fii 22 3 3.474 9 5.102 0 28.571 4 12755
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Table 3 Comparison of the measured values
of the standard analytical curves Ce* and Ce*
with the calibration values of ICP-AES

FE i H, H, H, H,
Ce ZHUH  0.009 6 0.008 8 0.004 2 0.014 0
Ce" *F¥{E  0.009 4 0.008 6 0.004 2 0.013 6
Ce" fiiz% 23810 2759 7 0.340 1 2.959 2
Ce” F¥E  0.009 2 0.008 3 0.004 1 0.013 2
Ce” i3 46131 55195 3.401 4 5.408 2
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Table 4 Comparison of the measured values of the
standard analytical curves Y* and Y* with the
calibration values of ICP-AES

FE it H, H, H, H,
Y 2R (H 0.007 3 0.011 2 0.003 9 0.013 3
YASESHE 0.007 2 0.0110 0.003 8 0.013 2
Y i 2 % 1.761 3 1.403 1 2.197 8 0.966 7
Y*F I {E 0.007 1 0.010 8 0.003 6 0.013 6
Y* fhi 2 31311 3.316 3 6.593 4 2363 1
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Table 5 Uncertainty of repeatability of

La* test results
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n
PR 0 1 AR TS B U
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X

v S g S b G I 45 2R O AR HE O 22 5 n o AN R

R 4 5 H, H, H, H,

F#1E/%  0.004 06 0.003 19 0.000 94 0.005 97
S1% 0.000 19 0.000 11 0.000 05 0.000 22
Ud% 0.000 07 0.000 04 0.000 02 0.000 08
Utan) 0.046 89 0.033 56 0.056 69 0.037 09

F6 HESTHE La”"RNERNEE
THEE
Table 6 Uncertainty of repeatability of

La* test results

G5 H, H, H, H,

/% 0.003 57 0.002 94 0.000 77 0.005 67
SI1% 0.000 08 0.000 13 0.000 05 0.000 19
Un/% 0.000 03 0.000 05 0.000 02 0.000 07
Utainy 0.021 17 0.043 24 0.063 25 0.033 32

MR 7 MR 8 ITE AT A, ArEsrprith 4k Ce® K
Ce™ 2 25 S 1 AN 1 2 23 1] 43 1) 4 <0.000 12%
<0.000 20% , XA & B0 Fl 53 51 2 <0.039 77 .
<0.046 89, #lifE 2 ZcbnifElr A M4 T I 45 R A
) 2 B SORE X AN A o B ST B (B34 30 1 T i 45 2R
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Table 7 Uncertainty of repeatability of Ce test

results
WG H, H, H; H,
FMEI%  0.009 37 0.008 56 0.004 21 0.013 59
S1% 0.000 26 0.000 26 0.000 17 0.000 32
Un% 0.000 10 0.000 10 0.000 06 0.000 12
Uan 0.027 35 0.030 07 0.039 77 0.023 82

8 MESTHME Ce" RNERNEEETHEE
Table 8 Uncertainty of repeatability of Ce* test

results
RS H, H, H, H,
EHIME/%  0.009 16 0.008 31 0.004 06 0.013 24
S/% 0.000 28 0.000 20 0.000 19 0.000 53
U% 0.000 11 0.000 07 0.000 07 0.000 20
Uiy 0.030 80 0.023 48 0.046 89 0.039 92

2% 9 FIZR 10 AT ARdfEsr Tt e Y#' S Y* Al
45 F AN 2 B Y L4300 24 <0.000 15% ,<0.000 18%
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WF, FRAEI AT R LR YH e Y# ARG 4E S B A R B
FE VL4351 9 <0.035 27 .<0.038 36, K1 XF A1 1 JiE
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W25 R PR AT,
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Table 9 Uncertainty of repeatability of Y* test

results
R 45 H, H, H, H,
SEME/%  0.007 17 0.011 04 0.003 81 0.013 17
S/% 0.000 18 0.000 18 0.000 13 0.000 41
Ud% 0.000 07 0.000 07 0.000 05 0.000 15
Utany 0.025 09 0.016 41 0.035 27 0.030 91
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Table 10 Uncertainty of repeatability of Y* test

results
BUREG S H, H, H; H,
21/ % 0.007 07 0.010 83 0.003 64 0.013 61
S/% 0.000 25 0.000 27 0.000 14 0.000 47
Uy % 0.000 09 0.000 10 0.000 05 0.000 18
Ut 0.035 32 0.024 85 0.038 36 0.034 56
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y1.=1.26264x10%x’+3.80494x10°:+26185.18563
ye=—1.13498x10%*+9.309466x10°x+8359.11081
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