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X-Ray Fluoresent Determination of Rare Earth Elements in Carbon

and Low-Alloy Steel

Synopsis:

Tetsuo MATSUMURA, Renpei MOROOKA,

Naomi KorTaNi, and Takeshi Goro

In a recent study to improve the properties of steel by the addition of rare earth elements, a need arose

for an accurate analytical method of these elements.

An investigation was undertaken to determine 4 rare

earth elements(La, Ce, Nd, and Pr) in the range of 0-005 to 0-15% by the X-ray fluorescent technique.

In the absence of reliable standards, the glass—bead technique for odd samples such as drillings was de—
veloped. Rare earth elements were precipitated as the fluorides after dissolving 5 g of the sample in sulfuric
acid, and the filtered fluorides followed by ignition to oxides were mixed with sodium tetra borate and melt—

ed to prepare glass—bead.

The glass-bead method provided for precision less than 29, of the amount present.
X-ray results.

was obtained between the chemical and

A good agreement

The advantages of the method are the facility of the construction of a calibration curve by using chemical
reagents, the absence of interelemental effects because of the separation of rare earth elements, and the ver—
satility to be applicable to other materials with minor modifications.

The standard samples of low—alloy steel were furthermore prepared for the direct metal disk technique
and a conventional procedure was taken with satisfactory results,
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Table 1. Chemical composition of La standard samples (%).
Sample C si | v | P s cu | N | e | Mo La
La-1 0-37 | 0-10 0-62 | 0-007 | 0°005! 002 - 063 1-17 0-31 0-010
2 0-40 0-18 0-71 0-006 | 0-005: 0-02 , 1-23 0-63 0-06 0-047
3 0-40 0-15 0-59 0-006 ' 0°004 ' 0-02 | 040 1-60 0-10 0-011
4 , 0-40 0-17 0-68 0-005. 0°005, 002 | 0-79 0-30 014 0-106
5 - 039 025 0-61 i 0-006 | 0°-004 5 0-02 - 097 0-75 0-21 0-156
6 i 0-41 >‘ 016 0-96 b 0-006 | 0-004 0-02 0-21 1-40 0-26 0-188
1 .
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Table 2. Operating conditions.

X-ray tube W-target, 50kV-20mA
Collimator Ist 0001lX 4in, 2nd 0°025X 1in
Crystal Flat LiF

Detector SC+PC

P. H. A, 12-5V Disc.

Mode Monitor system, 105 sec
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Sample Sqg

|

Sample decomposition
6N H,S04 60m!

Filtration

Filtrote Residue

Dilution to 130m/?
Fluoride ppt. HF 50m/

Filfrcxfion

Precipitate

Ignition at 800°C

Fusion with Na,B407 5q

Glass bead

Fig. 1. Schematic procedure for sample preparation.

Table 3. Sﬁnthetic standard samples (25).

Sample Nd Pr Ce La
S-1 0-200 0-005 0-200 0-005
2 0-100 0-010 0-100 0-010
3 0-050 0-020 0-050 0-020
4 0-020 0-050 0-020 0-050
5 0-010 0-100 0-010 0-100
6 0°005 ! 0-200 0-005 0-200
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Fig. 2. Comparison of glass bead preparation

techniques.
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Fig. 3. Relation between sample thickness and
X-ray intensity (NdLpg,).
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Fig. 4. Qualitative analysis of acid insoluble residue
of steel (Fe-0-3Ni-0-2Cr-0-1Mo-0-2V).

Table 4. Effect of iron on X-ray analytical
results of Pr.

Sample Fe added (%) Pr (%)
F-1 0-05 0-058

2 0-10 0-059

3 i 0-20 0-058

4 } 0-30 0-056

5 0-40 0-058

6 0 0-058

Table 5. Effect of treatment of acid insoluble
residue on Pr determination.

residue (%)
Sample
Discarded Combined
Pr-1 0-004 0-007
Pr-2 0-008 0-008
Pr-3 0021 0-021
Pr-4 0041 0-041
Pr-5 0:058 0-056
Pr-6 0:059 0-059
La-2 0:044 0-043
La-6 0-182 0181
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Fig. 5. Analytical curves for La, Ce and Nd
(Glass bead).
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Fig. 6. Analytical curve for Pr (Glass bead).
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TFig. 7. Correction of La for Pr determination.
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Fig. 8. Interferences of Mn and Cr in NdLg, (1)
measuremnt (Metal disk).
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ELTh Prl,, 1253 % LaLlg, OFE/ b Digdic, Nd
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Table 6. Detectability of methods (25).

Element Glass bead Metal disk
Nd 0° 00094 0- 00496
Pr 0° 00075 0°00180
Ce 0°'00154 0-00255
La 0-00119 0-00219

Ca=u(a) V2N, Cs/(Ns—Np)®
Cg : Detectability, u(a) : significance level,
ground, Ng: Counts of tested sample, Cj: Concentration of

tested sample
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Table 7. Repeatability (n=10).

Glass bead Metal disk
Element - - e —— -
= “ cv | * o cv

Nd 0-0779 0°00032 0-411 0-0826 0-00135 1-634

Pr 0°0582 0°00042 0-724 0-0575 000097 1-686

Ce 0°1832 0°00092 0-502 0-1883 000082 0-435

La 0-1487 0-00067 0-450 0-1480 000094 0-635
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