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1
Foreword
SAC/TC 229 is in charge of this English translation. In case of any doubt about the contents of English translation, the Chinese original shall be considered authoritative.

This document is drafted in accordance with the rules given in the GB/T 1.1—2020 Directives for standardization—Part 1: Rules for the structure and drafting of standardizing documents.

[bookmark: _Hlk193103392]This document is Part 8 of GB/T 18114 Chemical analysis methods for rare earth concentrates. The following parts have been relessed for GB/T 18114:
—Part 1: Determination of total rare earth oxide contents-Gravimetry;
—Part 2: Determination of oxide thorium content;
—Part 3: Determination of calcium oxide content;
—Part4: Determination of niobium oxide, zirconium oxide and titanium oxide contents-Inductively coupled plasma atomic emission spectrometry;
—Part 5: Determination of aluminium oxide content-Inductively coupled plasma atomic emission spectrometry;
—Part 6: Determination of silicon oxide content;
—Part 7: Determination of iron oxide content-Potassium dichromate titration;
—Part 8: Determination of rare earth oxide contents and distribution;
—Part 9: Determination of phosphorus pentoxide content;
—Part 10: Determination of water content - Gravimetry;
—Part 11: Determination of fluorine content;
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This document replaces the GB/T 18114.8-2010 Chemical analysis methods of rare earth concentrates - Part 8: Determination of fifteen rare earth oxide relative contents -Inductively coupled plasma emission spectrometry. In addition to a numberof editorial changes, the following technical deviations have been made with respect to the GB/T 18114.8-2010 Chemical analysis methods of rare earth concentrates - Part 8: Determination of fifteen rare earth oxide relative contents -Inductively coupled plasma emission spectrometry.
a) Changed the scope of use of the file (see Clause 1, Clause 1 of the 2010 version);
b) Added the inductively coupled plasma emission spectroscopy (Method 1): Sample dissolution procedure using hydrochloric acid and perchloric acid for test solution preparation (see 4.5.4.2);
c) Changed "preparation of standard series solutions" in the inductively coupled plasma emission spectroscopy (Method 1) (see 4.5.5, 6.4 of the 2010 version);
d) Changed the "allowable deviation" of precision in the inductively coupled plasma emission spectroscopy (Method 1) to "reproducibility" (see 4.7.2, 8.2 of the 2010 version);
e) Added Method 2: Determination of rare earth oxide content by X-ray fluorescence spectrometry (see Clause 5).
Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights. The issuing body of this document shall not be held responsible for identifying any or all such patent rights.

This document was proposed and prepared by SAC/TC 229 (China Rare Earth Standardization Technical Committee).

This document was issued in 2000 as first edition and first revision in 2010. This is the second revision.













Introduction
Rare earth product with rare earth content up to the requirement of smelting after rare earth ore is beneficiated and enriched. It has not any change in the natural distribution of rare earth elements. Rare earth concentrates include bastnaesite concentrate, monazite concentrate, mixed concentrate of bastnaesite and monazite, bastnaesite-(La) concentrate and so on. Rare earth has significant physical properties in light, electricity and magnetism. Therefore, it can be combined with other materials to form a wide variety of new raw materials with different properties and significantly enhance the quality and performance of other products.Chemical composition is an important assessment index for rare earth concentrates. By defining the scope of application, specifying reagents, materials, apparatus, and procedures, and by generating a substantia amount of experimental and precision verification data, scientific and accurate standard methods for chemical analysis are established. These standards enhance the consistency and comparability of data among different laboratories, provide rigorous and standardized technical means for quality verification of rare earth concentrate products, and promote the production and trade of these products.

GB/T 18114 Chemical analysis methods for rare earth concentrates aims to establish a complete, practical and applicable method standard for chemical analysis that meets the production and trade of rare earth concentrate products. GB/T 18114 comprises 11 parts.
—Part 1: Determination of total rare earth oxide contents. The aim is to establish a gravimetric method for determining total rare earth oxide contents in rare earth concentrates;
—Part 2: Determination of oxide thorium content. The aim is to establish inductively coupled plasma atomic emission spectrometry and inductively coupled plasma mass spectrometry for determining oxide thorium content in rare earth concentrates;
—Part 3: Determination of calcium oxide content. The aim is to establish flame atomic absorption spectrometry, EDTA titrimetric method and inductively coupled plasma atomic emission spectrometry for determining calcium oxide content in rare earth concentrates;
—Part 4: Determination of niobium oxide, zirconium oxide and titanium oxide contents—Inductively coupled plasma atomic emission spectrometry. The aim is to establish inductively coupled plasma atomic emission spectrometry for determining niobium oxide, zirconium oxide and titanium oxide contents in rare earth concentrates;
—Part 5: Determination of aluminum oxide content. The aim is to establish inductively coupled plasma atomic emission spectrometry for determining aluminum oxide content in rare earth concentrates;
—Part 6: Determination of silicon oxide content. The aim is to establish molybdenum blue spectrophotometry and inductively coupled plasma atomic emission spectrometry for determining silicon oxide content in rare earth concentrates;
—Part 7: Determination of iron oxide content. The aim is to establish potassium dichromate titration for determining iron oxide content in rare earth concentrates;
—Part 8: Determination of rare earth oxide contents and rare earth oxide relative contents. The aim is to establish inductively coupled plasma atomic emission spectrometry for determining rare earth oxide relative contents in rare earth concentrates and X-ray fluorescence spectrometry for determining rare earth oxide contents in rare earth concentrates;
—Part 9: Determination of phosphorus pentoxide content. The aim is to establish phosphorus-bismuth-molybdenum blue spectrophotometry and inductively coupled plasma atomic emission spectrometry for determining phosphorus pentoxide content in rare earth concentrates;
—Part 10: Determination of water content. The aim is to establish a gravimetric method for determining water content in rare earth concentrates;
—Part 11: Determination of fluorine content. The aim is to establish EDTA titration, alizarin spectrophotometry and fluorine ion selective electrode method for determining fluorine content in rare earth concentrates.

Since its release and implementation, GB/T 18114.8-2000 has undergone a revision in 2010. To better adapt to the changes in the rare earth industry and improve the analysis and testing technology and standard system for rare earth concentrates, this revision adds a hydrochloric acid-perchloric acid sample dissolution method to the original "inductively coupled plasma atomic emission spectrometry" and introduces Method 2: X-ray fluorescence spectrometry for determining rare earth oxide content. These updates cover the rare earth oxide content and distribution of current rare earth concentrate products, providing a fast and accurate method standard for their determination with strong operability.
GB/T 18114.9-2025

Chemical analysis methods for rare earth concentrates
-Part 8:Determination of rare earth oxide contents and distribution
1  Scope
This document describes test methods for determination of rare earth oxide contents and distribution in rare earth concentrates.
This document is applicable to the determination of rare earth oxide contents and distribution in rare earth concentrates.
This document contains two methods: Inductively Coupled Plasma Atomic Emission Spectrometry (method 1) and X-ray Fluorescence Spectrometry (method 2). Method 1 is suitable for the determination of rare earth oxide distribution in rare earth concentrates, with the determination range specified in Table 1. Method 2 is suitable for the determination of rare earth oxide content in rare earth concentrates, with the determination range specified in Table 2.
Table 1 Determination Range of Inductively Coupled Plasma Atomic Emission Spectrometry (Method 1)
	To-be-determined oxide
	Determination range of rare earth oxide distribution
%

	Lanthanum oxide、Cerium oxide
	15.00～60.00

	Praseodymium oxide、Neodymium oxide
	1.00～20.00

	Samarium oxide、Europium oxide、Gadolinium oxide、Yttrium oxide、Terbium oxide、Dysprosium oxide、Holmium oxide、Erbium oxide、Thulium oxide、 Ytterbium oxide、 Lutetium oxide
	0.050～10.00



Table 2 Determination Range of X-ray Fluorescence Spectrometry (Method 2)
	To-be-determined oxide
	Determination Range（Mass fraction）
%

	Lanthanum oxide
	3.00～30.00

	Cerium oxide
	5.00～40.00

	Praseodymium oxide
	1.00～5.00

	Neodymium oxide
	1.00～15.00

	Samarium oxide、Europium oxide、Gadolinium oxide、Yttrium oxide
	0.050～3.00

	Terbium oxide、Dysprosium oxide、Holmium oxide、Erbium oxide
	0.10～0.50


2  Normative References
The following referenced documents are indispensable for the application of this document. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments ) applies.
—GB/T 6379.2 Accuracy (trueness and precision) of measurement methods and results – Part 2: Basic method for the determination of repeatability and reproducibility of a standard measurement method
—GB/T 6682 Water for analytical laboratory use – Specification and test methods
—GB/T 8170 Rules of rounding off for numerical values & expression and judgement of limiting values
[bookmark: _GoBack]—JJG 768 Emission spectrometer
—JJG 810 Wavelength Dispersive X-ray Fluorescence Spectrometers
3  Terms and Definitions
No terms or definitions need to be defined in this document.
4  Inductively Coupled Plasma Atomic Emission Spectrometry (Method 1)
4.1 Principle
The sample is extracted with hydrochloric acid after alkali fusion filtration or acid dissolution. In a dilute acid medium, direct excitation with an argon plasma light source is performed for spectral determination. The determination results are normalized to calculate the rare earth oxide component content.
4.2 Reagents and Materials
Unless otherwise stated, only reagents confirmed to be of analytical grade or above and secondary water complying with GB/T 6682 are used in the analysis. Certified standard solutions are preferred.
4.2.1 Sodium hydroxide.
4.2.2 Sodium peroxide.
4.2.3 Hydrochloric acid (ρ=1.19 g/mL).
4.2.4 Nitric acid (ρ=1.42 g/mL).
4.2.5 Perchloric acid (ρ=1.67 g/mL).
4.2.6 Hydrogen peroxide [w(H₂O₂)≥30%].
4.2.7 Hydrochloric acid (1+1).
4.2.8 Hydrochloric acid (1+19).
4.2.9 Nitric acid (1+1).
4.2.10 Sodium hydroxide washing solution (10 g/L).
4.2.11 Lanthanum oxide standard stock solution: Weigh 0.1000 g of lanthanum oxide [w(REO)≥99.50 %, w(La₂O₃/REO)>99.99 %] that has been ignited at 950 ℃ for 1 h, place it in a 100 mL beaker, add 10 mL of hydrochloric acid (4.2.7), heat at low temperature until completely dissolved, cool to room temperature, transfer to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of lanthanum oxide per mL. Then dilute this solution with hydrochloric acid (4.2.8) to prepare standard solutions containing 100 µg and 10 µg of lanthanum oxide per mL.
4.2.12 Cerium oxide standard stock solution: Weigh 0.1000 g of cerium oxide [w(REO)≥99.50 %, w(CeO₂/REO)>99.99 %] that has been ignited at 950 ℃ for 1 h, place it in a 100 mL beaker, add 10 mL of nitric acid (4.2.9), heat at low temperature, and dropwise add hydrogen peroxide (4.2.6) until completely dissolved, cool to room temperature, transfer to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of cerium oxide per mL. Then dilute this solution with hydrochloric acid (4.2.8) to prepare standard solutions containing 100 µg and 10 µg of cerium oxide per mL.
4.2.13 Praseodymium oxide standard stock solution: Weigh 0.1000 g of praseodymium oxide [w(REO)≥99.50 %, w(Pr₆O₁₁/REO)>99.99 %] that has been ignited at 950 ℃ for 1 h, place it in a 100 mL beaker, add 10 mL of hydrochloric acid (4.2.7), heat at low temperature until completely dissolved, cool to room temperature, transfer to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of praseodymium oxide per mL. Then dilute this solution with hydrochloric acid (4.2.8) to prepare standard solutions containing 100 µg and 10 µg of praseodymium oxide per mL.
4.2.14 Neodymium oxide standard stock solution: Weigh 0.1000 g of neodymium oxide [w(REO)≥99.50 %, w(Nd₂O₃/REO)>99.99 %] that has been ignited at 950 ℃ for 1 h, place it in a 100 mL beaker, add 10 mL of hydrochloric acid (4.2.7), heat at low temperature until completely dissolved, cool to room temperature, transfer to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of neodymium oxide per mL. Then dilute this solution with hydrochloric acid (4.2.8) to prepare standard solutions containing 100 µg and 10 µg of neodymium oxide per mL.
4.2.15 Samarium oxide standard stock solution: Weigh 0.1000 g of samarium oxide [w(REO)≥99.50 %, w(Sm₂O₃/REO)>99.99 %] that has been ignited at 950 ℃ for 1 h, place it in a 100 mL beaker, add 10 mL of hydrochloric acid (4.2.7), heat at low temperature until completely dissolved, cool to room temperature, transfer to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of samarium oxide per mL. Then dilute this solution with hydrochloric acid (4.2.8) to prepare standard solutions containing 100 µg and 10 µg of samarium oxide per mL.
4.2.16 Europium oxide standard stock solution: Weigh 0.1000 g of europium oxide [w(REO)≥99.50 %, w(Eu₂O₃/REO)>99.99 %] that has been ignited at 950 ℃ for 1 h, place it in a 100 mL beaker, add 10 mL of hydrochloric acid (4.2.7), heat at low temperature until completely dissolved, cool to room temperature, transfer to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of europium oxide per mL. Then dilute this solution with hydrochloric acid (4.2.8) to prepare standard solutions containing 100 µg and 10 µg of europium oxide per mL.
4.2.17 Gadolinium oxide standard stock solution: Weigh 0.1000 g of gadolinium oxide [w(REO)≥99.50 %, w(Gd₂O₃/REO)>99.99 %] that has been ignited at 950 ℃ for 1 h, place it in a 100 mL beaker, add 10 mL of hydrochloric acid (4.2.7), heat at low temperature until completely dissolved and clear, remove and cool, transfer the solution to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of gadolinium oxide per mL. Then dilute this solution with hydrochloric acid (4.2.8) to prepare standard solutions containing 100 µg and 10 µg of gadolinium oxide per mL.
4.2.18 Terbium oxide standard stock solution: Weigh 0.1000 g of terbium oxide [w(REO)≥99.50 %, w(Tb₄O₇/REO)>99.99 %] that has been ignited at 950 ℃ for 1 h, place it in a 100 mL beaker, add 10 mL of nitric acid (4.2.9), heat at low temperature until completely dissolved, cool to room temperature, transfer to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of terbium oxide per mL. Then dilute this solution with hydrochloric acid (4.2.8) to prepare standard solutions containing 100 µg and 10 µg of terbium oxide per mL.
4.2.19 Dysprosium oxide standard stock solution: Weigh 0.1000 g of dysprosium oxide [w(REO)≥99.50 %, w(Dy₂O₃/REO)>99.99 %] that has been ignited at 950 ℃ for 1 h, place it in a 100 mL beaker, add 10 mL of hydrochloric acid (4.2.7), heat at low temperature until completely dissolved, cool to room temperature, transfer to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of dysprosium oxide per mL. Then dilute this solution with hydrochloric acid (4.2.8) to prepare standard solutions containing 100 µg and 10 µg of dysprosium oxide per mL.
4.2.20 Holmium oxide standard stock solution: Weigh 0.1000 g of holmium oxide [w(REO)≥99.50 %, w(Ho₂O₃/REO)>99.99 %] that has been ignited at 950 ℃ for 1 h, place it in a 100 mL beaker, add 10 mL of hydrochloric acid (4.2.7), heat at low temperature until completely dissolved, cool to room temperature, transfer to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of holmium oxide per mL. Then dilute this solution with hydrochloric acid (4.2.8) to prepare standard solutions containing 100 µg and 10 µg of holmium oxide per mL.
4.2.21 Erbium oxide standard stock solution: Weigh 0.1000 g of erbium oxide [w(REO)≥99.50 %, w(Er₂O₃/REO)>99.99 %] that has been ignited at 950 ℃ for 1 h, place it in a 100 mL beaker, add 10 mL of hydrochloric acid (4.2.7), heat at low temperature until completely dissolved, cool to room temperature, transfer to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of erbium oxide per mL. Then dilute this solution with hydrochloric acid (4.2.8) to prepare standard solutions containing 100 µg and 10 µg of erbium oxide per mL.
4.2.22 Thulium oxide standard stock solution: Weigh 0.1000 g of thulium oxide [w(REO)≥99.50 %, w(Tm₂O₃/REO)>99.99 %] that has been ignited at 950 ℃ for 1 h, place it in a 100 mL beaker, add 10 mL of hydrochloric acid (4.2.7), heat at low temperature until completely dissolved, cool to room temperature, transfer to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of thulium oxide per mL. Then dilute this solution with hydrochloric acid (4.2.8) to prepare standard solutions containing 100 µg and 10 µg of thulium oxide per mL.
4.2.23 Ytterbium oxide standard stock solution: Weigh 0.1000 g of ytterbium oxide [w(REO)≥99.50 %, w(Yb₂O₃/REO)>99.99 %] that has been ignited at 950 ℃ for 1 h, place it in a 100 mL beaker, add 10 mL of hydrochloric acid (4.2.7), heat at low temperature until completely dissolved, cool to room temperature, transfer to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of ytterbium oxide per mL. Then dilute this solution with hydrochloric acid (4.2.8) to prepare standard solutions containing 100 µg and 10 µg of ytterbium oxide per mL.
4.2.24 Lutetium oxide standard stock solution: Weigh 0.1000 g of lutetium oxide [w(REO)≥99.50 %, w(Lu₂O₃/REO)>99.99 %] that has been ignited at 950 ℃ for 1 h, place it in a 100 mL beaker, add 10 mL of hydrochloric acid (4.2.7), heat at low temperature until completely dissolved, cool to room temperature, transfer the solution to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of lutetium oxide per mL. Then dilute this solution with hydrochloric acid (4.2.8) to prepare standard solutions containing 100 µg and 10 µg of lutetium oxide per mL.
4.2.25 Yttrium oxide standard stock solution: Weigh 0.1000 g of yttrium oxide [w(REO)≥99.50 %, w(Y₂O₃/REO)>99.99 %] that has been ignited at 950 ℃ for 1 h, place it in a 100 mL beaker, add 10 mL of hydrochloric acid (4.2.7), heat at low temperature until completely dissolved, cool to room temperature, transfer the solution to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of yttrium oxide per mL. Then dilute this solution with hydrochloric acid (4.2.8) to prepare standard solutions containing 100 µg and 10 µg of yttrium oxide per mL.
[bookmark: OLE_LINK13]4.3　Apparatus
Inductively Coupled Plasma Atomic Emission Spectrometer.
Under the optimal working conditions of the instrument, the Inductively Coupled Plasma Atomic Emission Spectrometer can be used when it meets the following requirements:
——Resolution less than 0.007nm (at 200nm).
——Complies with the provisions of JJG768.
4.4　Samples
4.4.1 The particle size of the sample should not exceed 0.074 mm.
4.4.2 The sample is dried in 105 ℃ to 110 ℃ for 2 hours, then placed in a desiccator and cooled to room temperature.
4.5　Test Procedures
4.5.1　Test Sample
4.5.1.1 Alkali Fusion Test Sample
Weigh 0.50 g of sample (4.4), accurate to 0.0001 g.
4.5.1.2 Acid Dissolution Test Sample
Weigh 0.20 g of sample (4.4), accurate to 0.0001 g.
4.5.2 Parallel Tests
Weigh two test portions (4.5.1) and perform parallel determinations.
4.5.3 Blank Test
Carry out a blank test along with the sample.
4.5.4　Preparation of Analytical Test Solution
4.5.4.1 Preparation of Analytical Test Solution (Alkali Fusion)
4.5.4.1.1 Place the test sample (4.5.1.1) in a 30 mL nickel crucible [preheated to remove moisture, containing 3.0 g of sodium hydroxide (4.2.1)], cover with 1.5 g of sodium peroxide (4.2.2), and heat to remove moisture. Shake the crucible to disperse the sample, cover with the crucible lid, place in a muffle furnace at 750 ℃ and melt until cherry red, maintaining for 5 min~10 min (remove and shake once in the middle), then take out and cool slightly.
4.5.4.1.2 Place the crucible in a beaker containing 120 mL of hot water for leaching. After the violent reaction stops, rinse the crucible and its outer wall with water, add 2 mL of hydrochloric acid (4.2.7) to wash the crucible, rinse thoroughly with water, and remove the crucible and lid, controlling the volume to approximately 180 mL. Boil the solution for 2 min, then cool slightly. Filter with medium-speed filter paper, wash the beaker 2-3 times with sodium hydroxide washing solution (4.2.10), and wash the precipitate 5-6 times.
4.5.4.1.3 Transfer the precipitate together with the filter paper into the original beaker, add 30 mL of nitric acid (4.2.4) and 3 mL-5 mL of perchloric acid (4.2.5), cover with a watch glass. After the violent reaction stops, heat until fuming to a volume of approximately 2 mL-3 mL, then remove and cool to room temperature. Add 5 mL of hydrochloric acid (4.2.7), heat to dissolve until clear, then remove and cool to room temperature.
4.5.4.1.4 Transfer the test solution (4.5.4.1.3) to a 250 mL volumetric flask, dilute to the mark with water, and mix well. Pipette 5.00 mL of this test solution into a 50 mL volumetric flask, dilute to the mark with hydrochloric acid (4.2.8), and mix well.
4.5.4.2 Preparation of Analytical Test Solution (Acid Dissolution)
4.5.4.2.1 Place the test sample (4.5.1.2) in a 50 mL beaker, add 5 mL of hydrochloric acid (4.2.3) and 10 mL of perchloric acid (4.2.5), heat on an electric furnace until perchloric acid fumes are exhausted, shaking occasionally during fuming, then remove and cool to room temperature. Add 10 mL of hydrochloric acid (4.2.7) and 2 mL of hydrogen peroxide (4.2.6), heat to dissolve until clear, then remove and cool to room temperature.
4.5.4.2.2 Transfer the test solution (4.5.4.2.1) to a 100 mL volumetric flask, dilute to the mark with water, and mix well. Pipette 5.00 mL of the test solution into a 50 mL volumetric flask, dilute to the mark with hydrochloric acid (4.2.8), and mix well.
4.5.5　Preparation of Standard Series Solutions
Transfer each rare earth oxide standard solution (4.2.11–4.2.25) into six 100 mL volumetric flasks respectively according to Table 3, add 4 mL of hydrochloric acid (4.2.7), dilute to the mark with water, and mix well. The series of standard solutions are prepared, and their mass concentrations are shown in Table 3.
Table 3 Concentrations of Standard Series Solutions
Unit: micrograms per milliliter (μg/mL)
	Serial number
	Mass concentration of each element

	
	Lanthanum oxide
	Cerium oxide
	Praseodymium oxide
	Neodymium oxide
	Samarium oxide
	Europium oxide
	Gadolinium oxide
	Terbium oxide

	1
	0
	0
	0
	0
	0
	0
	0
	0

	2
	2.00
	2.00
	0.20
	0.20
	0.10
	0.10
	0.10
	0.10

	3
	10.00
	10.00
	1.00
	1.00
	0.50
	0.50
	0.50
	0.50

	4
	20.00
	20.00
	2.00
	2.00
	1.00
	1.00
	1.00
	1.00

	5
	30.00
	30.00
	5.00
	5.00
	2.00
	2.00
	2.00
	2.00

	6
	50.00
	60.00
	10.00
	20.00
	5.00
	5.00
	5.00
	5.00

	Serial number
	Mass concentration of each element

	
	Dysprosium oxide
	Holmium oxide
	Erbium oxide
	Thulium oxide
	Ytterbium oxide
	 Lutetium oxide
	Yttrium oxide

	1
	0
	0
	0
	0
	0
	0
	0

	2
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10
	0.10

	3
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	4
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	5
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	6
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00



4.5.6 Determination
4.5.6.1 Recommended analytical lines are shown in Table 4.
Table 4 Recommended Analytical Lines
	elements
	Analytical Lines
nm
	elements
	Analytical Lines
nm

	La
	398.852
	Dy
	353.170

	Ce
	446.021
	Ho
	345.600

	Pr
	410.070
	Er
	326.478

	Nd
	430.358
	Tm
	313.126

	Sm
	360.949、428.078
	Yb
	328.937

	Eu
	272.778
	Lu
	261.542

	Gd
	310.050
	Y
	371.030

	Tb
	332.440
	—
	—


4.5.6.2 After the inductively coupled plasma atomic emission spectrometer has been operating stably, determine the emission intensity of the elements to be measured in the Standard Series Solutions (4.5.5) under the selected instrument working conditions. The standard curve is plotted by the instrument software. The correlation coefficient of the standard curve for each element should be above 0.999; otherwise, re-standardization is required or the standard solutions need to be re-prepared for standardization.
4.5.6.3 After the standard curve meets the determination requirements, immediately determine the intensity of the elements to be measured in the blank test solution (4.5.3) and the analytical test solution (4.5.4). The instrument automatically performs data processing based on the standard curve (4.5.6.1), calculates and outputs the content of each element.
4.6　Test Data Processing
The proportion of rare earth oxide distribution, expressed as a percentage ci, shall be calculated according to formula (1):

[bookmark: OLE_LINK18][bookmark: OLE_LINK19]              …………………………………  (1)
Where:

is the mass concentration of the rare earth element oxide to be measured in the analytical test solution (4.5.4), expressed in micrograms per milliliter (µg/mL);

[bookmark: OLE_LINK6]is the mass concentration of the element to be measured in the blank solution (4.5.3), expressed in micrograms per milliliter (µg/mL).

When the result is < 1.00%, retain two significant figures; when the result is ≥ 1.00%, retain two decimal places. If the difference between two parallel test results should not exceed the repeatability limit specified in Table 5 or Table 6, take their average value. Numerical rounding shall be performed in accordance with the provisions of GB/T 8170.
4.7　Precision
4.7.1 Precision raw data and statistics
The precision data were based on the collaborative trial statistics and calculations from  six laboratories in 2024, using five different levels of samples. Each laboratory independently determine the rare earth oxide contents and distribution, with 11 determinations for each level. The experimental data were statistically analyzed according to GB/T 6379.2. 
4.7.2　Repeatability
Under repeatability conditions, the absolute difference between two independent test results shall not exceed the repeatability limit (r), If exceeded, the probability is ≤5%. The r-values are calculated via linear interpolation or extrapolation.The repeatability limit（r）for alkaline fusion treatment is shown in Table 5, and the repeatability limit（r）for acid dissolution treatment is shown in Table 6.
Table 5 Repeatability Limit（r）for Method 1 (Alkaline Fusion)
	 Rare earth oxide 
	distribution
%
	Repeatability Limit（r）
%
	 Rare earth oxide 
	distribution
%
	Repeatability Limit（r）
%

	Lanthanum oxide
	22.04
	0.39
	Terbium oxide
	0.058
	0.005

	
	26.32
	0.54
	
	0.24
	0.01

	
	27.91
	0.55
	
	0.25
	0.01

	
	32.64
	0.66
	
	0.74
	0.02

	
	36.23
	0.69
	
	0.76
	0.02

	Cerium oxide
	46.68
	0.59
	Dysprosium oxide
	0.064
	0.004

	
	48.74
	0.61
	
	0.096
	0.004

	
	50.49
	0.62
	
	0.28
	0.01

	
	51.21
	0.73
	
	0.76
	0.02

	
	51.70
	0.74
	
	0.77
	0.04

	Praseodymium oxide
	3.88
	0.12
	Holmium oxide
	0.056
	0.003

	
	4.27
	0.12
	
	0.079
	0.005

	
	4.93
	0.13
	
	0.14
	0.01

	
	5.12
	0.14
	
	0.27
	0.01

	
	5.18
	0.17
	
	0.76
	0.02

	Neodymium oxide
	10.16
	0.25
	Erbium oxide
	0.056
	0.004

	
	11.39
	0.29
	
	0.18
	0.01

	
	13.89
	0.33
	
	0.24
	0.01

	
	14.79
	0.34
	
	0.74
	0.02

	
	17.21
	0.36
	
	0.75
	0.03

	Samarium oxide
	0.68
	0.04
	Thulium oxide
	0.054
	0.004

	
	0.78
	0.04
	
	0.060
	0.005

	
	1.10
	0.05
	
	0.24
	0.01

	
	1.15
	0.05
	
	0.25
	0.01

	
	2.97
	0.07
	
	0.74
	0.02

	Europium oxide
	0.10
	0.01
	Ytterbium oxide
	0.050
	0.003

	
	0.12
	0.01
	
	0.063
	0.004

	
	0.17
	0.01
	
	0.24
	0.01

	
	0.20
	0.02
	
	0.73
	0.04

	
	0.21
	0.02
	
	0.75
	0.04

	Gadolinium oxide
	0.20
	0.02
	Lutetium oxide
	0.053
	0.003

	
	0.21
	0.02
	
	0.054
	0.003

	
	0.36
	0.03
	
	0.25
	0.01

	
	0.37
	0.03
	
	0.73
	0.02

	
	1.77
	0.06
	
	0.75
	0.02

	Yttrium oxide
	0.097
	0.007
	—

	—
	—

	
	0.10
	0.01
	
	—
	—

	
	0.25
	0.02
	
	—
	—

	
	0.26
	0.02
	
	—
	—

	
	2.48
	0.06
	
	—
	—

	Note: The repeatability limit（r） is 2.8×Sr, where Sr is the repeatability standard deviation.


Table 6 Repeatability Limit（r） for Method 1 (Acid Dissolution)
	 Rare earth oxide 
	distribution
%
	Repeatability Limit（r）
%
	 Rare earth oxide 
	distribution
%
	Repeatability Limit（r）
%

	Lanthanum oxide
	21.99
	0.43
	Terbium oxide
	0.060
	0.004

	
	26.18
	0.57
	
	0.22
	0.01

	
	27.96
	0.59
	
	0.26
	0.01

	
	32.77
	0.61
	
	0.74
	0.02

	
	36.15
	0.62
	
	0.75
	0.02

	Cerium oxide
	46.68
	0.53
	Dysprosium oxide
	0.062
	0.004

	
	48.76
	0.54
	
	0.097
	0.005

	
	50.55
	0.64
	
	0.29
	0.01

	
	51.11
	0.69
	
	0.76
	0.02

	
	51.64
	0.74
	
	0.77
	0.04

	Praseodymium oxide
	3.82
	0.14
	Holmium oxide
	0.055
	0.003

	
	4.22
	0.15
	
	0.079
	0.005

	
	4.81
	0.15
	
	0.15
	0.01

	
	5.06
	0.19
	
	0.28
	0.01

	
	5.08
	0.20
	
	0.76
	0.02

	Neodymium oxide
	10.03
	0.28
	Erbium oxide
	0.056
	0.003

	
	11.33
	0.29
	
	0.18
	0.01

	
	14.07
	0.37
	
	0.25
	0.01

	
	14.86
	0.39
	
	0.72
	0.02

	
	17.18
	0.42
	
	0.74
	0.02

	Samarium oxide
	0.69
	0.04
	Thulium oxide
	0.053
	0.003

	
	0.75
	0.04
	
	0.058
	0.004

	
	1.11
	0.05
	
	0.25
	0.01

	
	1.14
	0.05
	
	0.26
	0.01

	
	3.01
	0.07
	
	0.75
	0.03

	Europium oxide
	0.10
	0.01
	Ytterbium oxide
	0.051
	0.004

	
	0.11
	0.01
	
	0.057
	0.005

	
	0.18
	0.01
	
	0.25
	0.01

	
	0.20
	0.02
	
	0.74
	0.02

	
	0.21
	0.02
	
	0.75
	0.02

	Gadolinium oxide
	0.20
	0.01
	Lutetium oxide
	0.053
	0.004

	
	0.21
	0.02
	
	0.057
	0.004

	
	0.38
	0.02
	
	0.25
	0.01

	
	0.39
	0.03
	
	0.73
	0.02

	
	1.85
	0.07
	
	0.75
	0.02

	Yttrium oxide
	0.095
	0.006
	—
	—
	—

	
	0.096
	0.007
	
	—
	—

	
	0.25
	0.02
	
	—
	—

	
	0.26
	0.02
	
	—
	—

	
	2.41
	0.06
	
	—
	—

	Note: The repeatability limit（r） is 2.8×Sr, where Sr is the repeatability standard deviation.


4.7.3　Reproducibility
Under reproducibility conditions, the absolute difference between two independent test results shall not exceed the reproducibility limit (R), If exceeded, the probability is ≤5%. The R-values are calculated via linear interpolation or extrapolation. The reproducibility limit (R) for alkaline fusion treatment is shown in Table 7, and the reproducibility limit (R) for acid dissolution treatment is shown in Table 8.
Table 7 Reproducibility Limit (R) for Method 1 (Alkaline Fusion)
	 Rare earth oxide 
	distribution
%
	Reproducibility Limit（R）
 %
	 Rare earth oxide 
	distribution
%
	Reproducibility Limit（R）
 %

	Lanthanum oxide
	22.04
	0.61
	Terbium oxide
	0.058
	0.022

	
	26.32
	0.70
	
	0.24
	0.03

	
	27.91
	0.76
	
	0.25
	0.04

	
	32.64
	0.79
	
	0.74
	0.08

	
	36.23
	0.85
	
	0.76
	0.09

	Cerium oxide
	46.68
	0.64
	Dysprosium oxide
	0.064
	0.024

	
	48.74
	0.69
	
	0.096
	0.026

	
	50.49
	0.80
	
	0.28
	0.04

	
	51.21
	0.82
	
	0.76
	0.06

	
	51.70
	0.84
	
	0.77
	0.06

	Praseodymium oxide
	3.88
	0.18
	Holmium oxide
	0.056
	0.014

	
	4.27
	0.22
	
	0.079
	0.035

	
	4.93
	0.24
	
	0.14
	0.04

	
	5.12
	0.27
	
	0.27
	0.06

	
	5.18
	0.29
	
	0.76
	0.08

	Neodymium oxide
	10.16
	0.36
	Erbium oxide
	0.056
	0.020

	
	11.39
	0.38
	
	0.18
	0.05

	
	13.89
	0.41
	
	0.24
	0.05

	
	14.79
	0.45
	
	0.74
	0.08

	
	17.21
	0.50
	
	0.75
	0.08

	Samarium oxide
	0.68
	0.07
	Thulium oxide
	0.054
	0.018

	
	0.78
	0.07
	
	0.060
	0.023

	
	1.10
	0.07
	
	0.24
	0.05

	
	1.15
	0.08
	
	0.25
	0.05

	
	2.97
	0.09
	
	0.74
	0.07

	Europium oxide
	0.10
	0.01
	Ytterbium oxide
	0.050
	0.013

	
	0.12
	0.01
	
	0.063
	0.016

	
	0.17
	0.02
	
	0.24
	0.05

	
	0.20
	0.02
	
	0.73
	0.06

	
	0.21
	0.02
	
	0.75
	0.06

	Gadolinium oxide
	0.20
	0.03
	Lutetium oxide
	0.053
	0.019

	
	0.21
	0.03
	
	0.054
	0.020

	
	0.36
	0.04
	
	0.25
	0.04

	
	0.37
	0.04
	
	0.73
	0.04

	
	1.77
	0.07
	
	0.75
	0.05

	Yttrium oxide
	0.097
	0.016
	—

	—
	—

	
	0.10
	0.02
	
	—
	—

	
	0.25
	0.03
	
	—
	—

	
	0.26
	0.03
	
	—
	—

	
	2.48
	0.07
	
	—
	—

	Note: The reproducibility limit（R）is 2.8×SR, where SR is the reproducibility standard deviation.


Table 8 Reproducibility Limit (R) for Method 1 (Acid Dissolution)
	 Rare earth oxide 
	distribution
%
	Reproducibility Limit（R）
 %
	 Rare earth oxide 
	distribution
%
	Reproducibility Limit（R）
 %

	Lanthanum oxide
	21.99
	0.67
	Terbium oxide
	0.060
	0.023

	
	26.18
	0.73
	
	0.22
	0.05

	
	27.96
	0.75
	
	0.26
	0.05

	
	32.77
	0.78
	
	0.74
	0.08

	
	36.15
	0.81
	
	0.75
	0.08

	Cerium oxide
	46.68
	0.65
	Dysprosium oxide
	0.062
	0.019

	
	48.76
	0.72
	
	0.097
	0.020

	
	50.55
	0.80
	
	0.29
	0.05

	
	51.11
	0.81
	
	0.76
	0.06

	
	51.64
	0.87
	
	0.77
	0.06

	Praseodymium oxide
	3.82
	0.19
	Holmium oxide
	0.055
	0.017

	
	4.22
	0.20
	
	0.079
	0.038

	
	4.81
	0.20
	
	0.15
	0.05

	
	5.06
	0.26
	
	0.28
	0.07

	
	5.08
	0.26
	
	0.76
	0.10

	Neodymium oxide
	10.03
	0.43
	Erbium oxide
	0.056
	0.015

	
	11.33
	0.44
	
	0.18
	0.05

	
	14.07
	0.45
	
	0.25
	0.05

	
	14.86
	0.48
	
	0.72
	0.07

	
	17.18
	0.59
	
	0.74
	0.08

	Samarium oxide
	0.69
	0.059
	Thulium oxide
	0.053
	0.019

	
	0.75
	0.065
	
	0.058
	0.023

	
	1.11
	0.07
	
	0.25
	0.05

	
	1.14
	0.08
	
	0.26
	0.06

	
	3.01
	0.09
	
	0.75
	0.07

	Europium oxide
	0.10
	0.02
	Ytterbium oxide
	0.051
	0.015

	
	0.11
	0.02
	
	0.057
	0.015

	
	0.18
	0.02
	
	0.25
	0.05

	
	0.20
	0.03
	
	0.74
	0.07

	
	0.21
	0.03
	
	0.75
	0.07

	Gadolinium oxide
	0.20
	0.02
	Lutetium oxide
	0.053
	0.016

	
	0.21
	0.02
	
	0.057
	0.018

	
	0.38
	0.04
	
	0.25
	0.04

	
	0.39
	0.04
	
	0.73
	0.05

	
	1.85
	0.07
	
	0.75
	0.05

	Yttrium oxide
	0.095
	0.016
	—
	[bookmark: OLE_LINK7]—
	—

	
	0.096
	0.017
	
	—
	—

	
	0.25
	0.03
	
	—
	—

	
	0.26
	0.03
	
	—
	—

	
	2.41
	0.07
	
	—
	—

	Note: The reproducibility limit（R）is 2.8×SR, where SR is the reproducibility standard deviation.



5  X-ray Fluorescence Spectrometry (Method 2)
5.1 Principle
The test sample is prepared into a glass sample by the fusion method. Primary X-rays generated by an X-ray tube irradiate the surface of the sample, producing characteristic X-rays. After being dispersed by a crystal, the detector measures the X-ray fluorescence intensity at the 2θ angle corresponding to the selected characteristic wavelength. The content of each rare earth oxide in the sample is calculated based on the working curve and the measured X-ray fluorescence intensity.
5.2 Reagents or Materials
Unless otherwise stated, only reagents confirmed to be of analytical grade or above and secondary water complying with GB/T 6682 are used in the analysis. Certified standard solutions are preferred.
5.2.1 Anhydrous lithium tetraborate.
5.2.2 Lithium metaborate.
5.2.3 Lithium nitrate.
5.2.4 Boron oxide.
5.2.5 Ammonium bromide.
5.2.6 Ammonium bromide solution: Weigh 4.00 g of ammonium bromide (5.2.5), dissolve it in a 200 ml volumetric flask, add water to the mark, and shake well. This solution contains 20 mg/mL of ammonium bromide.
5.2.7 Lanthanum oxide: w(REO) ≥ 99.50%, w(La₂O₃/REO) > 99.99%, calcined at 950 °C for 1 hour, and cooled to room temperature.
5.2.8 Cerium oxide: w(REO) ≥ 99.50%, w(CeO₂/REO) > 99.99%, calcined at 950 °C for 1 hour, and cooled to room temperature.
5.2.9 Praseodymium oxide: w(REO) ≥ 99.50%, w(Pr₆O₁₁/REO) > 99.99%, calcined at 950 °C for 1 hour, and cooled to room temperature.
5.2.10 Neodymium oxide: w(REO) ≥ 99.50%, w(Nd₂O₃/REO) > 99.99%, calcined at 950 °C for 1 hour, and cooled to room temperature.
5.2.11 Samarium oxide: w(REO) ≥ 99.50%, w(Sm₂O₃/REO) > 99.99%, calcined at 950 °C for 1 hour, and cooled to room temperature.
5.2.12 Europium oxide: w(REO) ≥ 99.50%, w(Eu₂O₃/REO) > 99.99%, calcined at 950 °C for 1 hour, and cooled to room temperature.
5.2.13 Gadolinium oxide: w(REO) ≥ 99.50%, w(Gd₂O₃/REO) > 99.99%, calcined at 950 °C for 1 hour, and cooled to room temperature.
5.2.14 Terbium oxide: w(REO) ≥ 99.50%, w(Tb₄O₇/REO) > 99.99%, calcined at 950 °C for 1 hour, and cooled to room temperature.
5.2.15 Dysprosium oxide: w(REO) ≥ 99.50%, w(Dy₂O₃/REO) > 99.99%, calcined at 950 °C for 1 hour, and cooled to room temperature.
5.2.16 Holmium oxide: w(REO) ≥ 99.50%, w(Ho₂O₃/REO) > 99.99%, calcined at 950 °C for 1 hour, and cooled to room temperature.
5.2.17 Erbium oxide: w(REO) ≥ 99.50%, w(Er₂O₃/REO) > 99.99%, calcined at 950 °C for 1 hour, and cooled to room temperature.
5.2.18 Yttrium oxide: w(REO) ≥ 99.50%, w(Y₂O₃/REO) > 99.99%, calcined at 950 °C for 1 hour, and cooled to room temperature.
5.3  Apparatus
5.3.1 X-ray Fluorescence Spectrometer.
Under the optimal operating conditions of the instrument, any instrument that meets the following indicators can be used:
——Rh target end-window X-ray tube (power 4 kW);
——Complies with the provisions of JJG 810.
5.3.2 Fusion Machine: Automatic electric heating fusion machine, high-frequency induction fusion machine, or automatic flame fusion machine, with a maximum operating temperature of not less than 1250 °C.
5.3.3 Platinum-Gold Crucible (95% Pt + 5% Au): The bottom and inner wall of the crucible shall be flat and smooth.
5.3.4 P10 Argon-Methane Gas: 10% methane + 90% argon.
5.4  Samples
5.4.1 The particle size of the sample should not exceed 0.074mm.
5.4.2 The samples were dried at 105 ℃ to 110 ℃ for 2 hours, then placed in a desiccator and cooled to room temperature.
5.5 Test Procedures
5.5.1 Test Sample
Weigh 0.60 g of the sample (5.4), accurate to 0.0001 g.
5.5.2 Parallel Tests
Weigh two test portions (5.5.1) and perform parallel determinations.
5.5.3 Sample Preparation
[bookmark: OLE_LINK9]Accurately weigh 4.0000 g of anhydrous lithium tetraborate (5.2.1) and 2.0000 g of lithium metaborate (5.2.2) into a platinum-gold crucible (5.3.3), evenly cover with 0.5000 g of lithium nitrate (5.2.3), then weigh the test sample (5.5.1) and evenly cover it on top (the test sample must not contact the crucible wall). Subsequently, evenly cover the surface of the test sample with 0.5000 g of boron oxide (5.2.4), and add 0.5 mL of ammonium bromide solution (5.2.6). Place the crucible into the fusion machine (5.3.2) preheated to 1050 °C and fuse for 19 minutes. Remove the crucible, place it on a horizontal refractory plate to cool to room temperature, and peel the formed sample from the crucible to prepare the sample.
[bookmark: OLE_LINK10]5.5.4 Preparation of Series Standard Samples
[bookmark: OLE_LINK11]5.5.4.1 Matrix Preparation
Based on the matrix distribution of the sample (excluding the elements to be tested), weigh the reference materials or high-purity reagents of the corresponding elements in proportion, synthesize the powder sample, grind it uniformly for use, and store the unused portion in a sealed container.
[bookmark: OLE_LINK12]5.5.4.2 Preparation of Series Standard Samples
Weigh the matrix (5.5.4.1) and lanthanum oxide (5.2.7), cerium oxide (5.2.8), praseodymium oxide (5.2.9), neodymium oxide (5.2.10), samarium oxide (5.2.11), europium oxide (5.2.12), gadolinium oxide (5.2.13), terbium oxide (5.2.14), dysprosium oxide (5.2.15), holmium oxide (5.2.16), erbium oxide (5.2.17), yttrium oxide (5.2.18) respectively, and prepare series standard samples according to 5.5.3. The matrix and content of each rare earth oxide in the series standard samples are shown in Table 9.
Table 9 Matrix and Content of Each Rare Earth Oxide in Series Standard Samples
  %
	Serial number
	Matrix
	La2O3
	CeO2
	Pr6O11
	Nd2O3
	Sm2O3
	Eu2O3
	Gd2O3
	Tb4O7
	Dy2O3
	Ho203
	Er203
	Y2O3

	1
	33.80
	20.00
	40.00
	3.00
	3.00
	0.050
	0.050
	0.050
	0.00
	0.00
	0.00
	0.00
	0.050

	2
	35.60
	18.00
	30.00
	8.00
	8.00
	0.10
	0.10
	0.10
	0.00
	0.00
	0.00
	0.00
	0.10

	3
	44.20
	15.00
	20.00
	10.00
	10.00
	0.20
	0.20
	0.20
	0.00
	0.00
	0.00
	0.00
	0.20

	4
	47.00
	12.00
	15.00
	12.00
	12.00
	0.50
	0.50
	0.50
	0.00
	0.00
	0.00
	0.00
	0.50

	5
	44.00
	10.00
	12.00
	15.00
	15.00
	1.00
	1.00
	1.00
	0.00
	0.00
	0.00
	0.00
	1.00

	6
	64.00
	8.00
	10.00
	5.00
	5.00
	2.00
	2.00
	2.00
	0.00
	0.00
	0.00
	0.00
	2.00

	7
	71.00
	5.00
	8.00
	2.00
	2.00
	3.00
	3.00
	3.00
	0.00
	0.00
	0.00
	0.00
	3.00

	8
	70.00
	3.00
	5.00
	1.00
	1.00
	5.00
	5.00
	5.00
	0.00
	0.00
	0.00
	0.00
	5.00

	9
	52.00
	14.00
	25.00
	2.50
	6.50
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	10
	60.00
	11.00
	22.00
	3.50
	3.50
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	11
	27.00
	25.00
	37.00
	4.00
	7.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	12
	22.00
	30.00
	33.00
	6.00
	9.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	13
	49.90
	7.00
	23.00
	5.50
	13.00
	0.30
	0.30
	0.30
	0.10
	0.10
	0.10
	0.10
	0.30

	14
	49.00
	16.00
	18.00
	6.00
	7.00
	0.80
	0.80
	0.80
	0.20
	0.20
	0.20
	0.20
	0.80

	15
	43.30
	13.00
	21.00
	4.50
	11.00
	1.50
	1.50
	1.50
	0.30
	0.30
	0.30
	0.30
	1.50

	16
	55.20
	9.00
	16.00
	4.00
	9.00
	1.20
	1.20
	1.20
	0.50
	0.50
	0.50
	0.50
	1.20


5.5.5 Determination
[bookmark: OLE_LINK17]5.5.5.1 Instrumental Measurement Parameters: Sample cup spinning, vacuum optical path; Yttrium and lead use a fine collimator, other elements use a medium collimator; Peak position measurement time is 20 s, background measurement time is 10 s. Other conditions are shown in Table 10.
Table 10 Instrumental Measurement Parameters
	Element
	Spectral Line
	Detector
	2θ /（°）
	Potential Interfering Elements

	La
	[bookmark: OLE_LINK26]Lα
	Flow
	82.88
	—

	Ce
	[bookmark: OLE_LINK27]Lβ1
	Flow
	71.60
	Nd

	Pr
	Lβ1
	Flow
	68.22
	—

	Nd
	Lβ1
	Flow
	65.09
	—

	Sm
	Lβ1
	Flow
	59.48
	—

	Eu
	Lβ2
	Flow
	53.46
	Nd

	Gd
	Lβ1
	Flow
	54.58
	—

	Tb
	Lβ2
	Flow
	49.39
	Eu

	Dy
	Lβ1
	Flow
	50.26
	Gd

	Ho
	Lβ1
	Flow
	48.28
	—

	Er
	Lβ1
	Flow
	46.41
	—

	Y
	Kα
	Scint.
	23.78
	Pb


5.5.5.2 Input the mass fractions of each rare earth element in Series Standard Samples into the computer, determine the series standard samples according to the instrumental measurement parameters (5.5.5.1), and the computer calculates the standard working curve coefficients, spectral line interference, and matrix effect coefficients (corrected with lanthanum oxide). Then determine the sample (5.5.3), and the computer calculates and outputs the apparent mass fractions of each rare earth oxide after correction.
5.5.6 Test Data Processing
The content of the measured rare earth oxide is calculated as mass fraction wi according to formula (2):


  ……………………………………………  (2)
[bookmark: OLE_LINK20]Where:
wi0 is the mass fraction of component i calculated from the working curve, also known as the apparent mass fraction;
m1 is the average mass of the series standard samples (5.5.4.2), expressed in grams (g);
m2 is the mass of the sample to be tested (5.5.3), expressed in grams (g).

When the result is < 1.00%, retain two significant figures; when the result is ≥ 1.00%, retain two decimal places. If the difference between two parallel test results should not exceed the repeatability limit specified in Table 11, take their average value. Numerical rounding shall be performed in accordance with the provisions of GB/T 8170.

5.6  Precision
5.6.1 Precision raw data and statistics
The precision data were based on the collaborative trial statistics and calculations from  seven laboratories in 2024, using nine different levels of samples. Each laboratory independently determine the rare earth oxide content, with 6 determinations for each level. The experimental data were statistically analyzed according to GB/T 6379.2.
5.6.2　Repeatability
Under repeatability conditions, the absolute difference between two independent test results shall not exceed the repeatability limit (r) listed in Table 11. If exceeded, the probability is ≤5%. The r-values are calculated via linear interpolation or extrapolation.
Table 11 Repeatability Limit (r)
	 Rare earth oxide 
	Mass fraction
%
	Repeatability Limit（r）
%
	 Rare earth oxide 
	Mass fraction
%
	Repeatability Limit（r）
%

	Lanthanum oxide
	15.01
	0.17
	Samarium oxide

	0.59
	0.03

	
	10.45
	0.12
	
	0.48
	0.03

	
	8.17
	0.09
	
	0.35
	0.03

	
	26.08
	0.26
	
	0.55
	0.03

	
	23.99
	0.12
	
	0.49
	0.03

	
	21.69
	0.13
	
	0.43
	0.02

	
	12.40
	0.09
	
	1.52
	0.03

	
	11.96
	0.07
	
	1.29
	0.03

	
	10.43
	0.10
	
	1.18
	0.04

	Cerium oxide
	27.24
	0.21
	Europium oxide

	0.12
	0.02

	
	19.99
	0.25
	
	0.088
	0.017

	
	14.63
	0.10
	
	0.024
	0.010

	
	34.71
	0.50
	
	0.068
	0.020

	
	31.71
	0.21
	
	0.061
	0.018

	
	28.45
	0.17
	
	0.048
	0.018

	
	26.28
	0.06
	
	0.26
	0.03

	
	24.40
	0.10
	
	0.16
	0.03

	
	21.57
	0.10
	
	0.18
	0.04

	Praseodymium oxide
	2.44
	0.07
	Gadolinium oxide


	0.23
	0.02

	
	1.87
	0.06
	
	0.17
	0.02

	
	1.33
	0.02
	
	0.14
	0.02

	
	2.52
	0.07
	
	0.22
	0.02

	
	2.32
	0.04
	
	0.19
	0.02

	
	2.13
	0.04
	
	0.16
	0.02

	
	2.76
	0.06
	
	1.03
	0.04

	
	2.53
	0.05
	
	1.02
	0.05

	
	2.25
	0.05
	
	0.88
	0.03

	Neodymium oxide
	7.33
	0.11
	Terbium oxide
	0.14
	0.02

	
	6.15
	0.07
	
	0.24
	0.02

	
	4.18
	0.04
	
	0.20
	0.02

	
	7.06
	0.11
	Dysprosium oxide
	0.37
	0.02

	
	6.57
	0.05
	
	0.46
	0.02

	
	6.14
	0.09
	
	0.35
	0.02

	
	9.59
	0.06
	Holmium oxide
	0.085
	0.011

	
	8.61
	0.09
	
	0.13
	0.02

	
	7.95
	0.08
	
	0.11
	0.02

	Yttrium oxide
	0.16
	0.01
	Erbium oxide
	0.11
	0.01

	
	0.15
	0.01
	
	0.17
	0.01

	
	0.15
	0.01
	
	0.12
	0.01

	[bookmark: OLE_LINK8][bookmark: OLE_LINK25]
	0.10
	0.01
	—
	[bookmark: OLE_LINK24]—
	—

	
	0.078
	0.006
	
	—
	—

	
	0.073
	0.006
	
	—
	—

	
	1.51
	0.02
	
	—
	—

	
	2.40
	0.03
	
	—
	—

	
	1.54
	0.02
	
	—
	—

	Note: The repeatability limit（r） is 2.8×Sr, where Sr is the repeatability standard deviation.


5.6.3  Reproducibility
Under reproducibility conditions, the absolute difference between two independent test results shall not exceed the reproducibility limit (R) listed in Table 12. If exceeded, the probability is ≤5%. The R-values are calculated via linear interpolation or extrapolation.
Table 12 Reproducibility Limit (R)
	 Rare earth oxide 
	Mass fraction
%
	Reproducibility Limit (R)
%
	 Rare earth oxide 
	Mass fraction
%
	Reproducibility Limit (R)
%

	Lanthanum oxide
	15.01
	0.18
	Samarium oxide

	0.59
	0.03

	
	10.45
	0.12
	
	0.48
	0.03

	
	8.17
	0.10
	
	0.35
	0.03

	
	26.08
	0.28
	
	0.55
	0.03

	
	23.99
	0.13
	
	0.49
	0.03

	
	21.69
	0.14
	
	0.43
	0.02

	
	12.40
	0.10
	
	1.52
	0.03

	
	11.96
	0.08
	
	1.29
	0.03

	
	10.43
	0.11
	
	1.18
	0.04

	Cerium oxide
	27.24
	0.22
	Europium oxide

	0.12
	0.02

	
	19.99
	0.27
	
	0.088
	0.018

	
	14.63
	0.11
	
	0.024
	0.011

	
	34.71
	0.54
	
	0.068
	0.021

	
	31.71
	0.22
	
	0.061
	0.019

	
	28.45
	0.18
	
	0.048
	0.019

	
	26.28
	0.06
	
	0.26
	0.04

	
	24.40
	0.11
	
	0.16
	0.03

	
	21.57
	0.10
	
	0.18
	0.04

	Praseodymium oxide
	2.44
	0.07
	Gadolinium oxide


	0.23
	0.02

	
	1.87
	0.06
	
	0.17
	0.02

	
	1.33
	0.02
	
	0.14
	0.02

	
	2.52
	0.07
	
	0.22
	0.02

	
	2.32
	0.04
	
	0.19
	0.02

	
	2.13
	0.04
	
	0.16
	0.02

	
	2.76
	0.06
	
	1.03
	0.04

	
	2.53
	0.05
	
	1.02
	0.04

	
	2.25
	0.06
	
	0.88
	0.04

	Neodymium oxide
	7.33
	0.12
	Terbium oxide
	0.14
	0.02

	
	6.15
	0.08
	
	0.24
	0.03

	
	4.18
	0.04
	
	0.20
	0.02

	
	7.06
	0.12
	Dysprosium oxide
	0.37
	0.02

	
	6.57
	0.05
	
	0.46
	0.02

	
	6.14
	0.10
	
	0.35
	0.02

	
	9.59
	0.06
	Holmium oxide
	0.085
	0.012

	
	8.61
	0.09
	
	0.13
	0.02

	
	7.95
	0.09
	
	0.11
	0.02

	Yttrium oxide
	0.16
	0.01
	Erbium oxide
	0.11
	0.01

	
	0.15
	0.01
	
	0.17
	0.01

	
	0.15
	0.01
	
	0.12
	0.01

	
	0.10
	0.01
	—

	—
	—

	
	0.078
	0.006
	
	—
	—

	
	0.073
	0.006
	
	—
	—

	
	1.51
	0.02
	
	—
	—

	
	2.40
	0.03
	
	—
	—

	
	1.54
	0.02
	
	—
	—

	Note: The reproducibility limit（R）is 2.8×SR, where SR is the reproducibility standard deviation.
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