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Foreword
[bookmark: OLE_LINK10]
SAC/TC 229 is in charge of this English translation. In case of any doubt about the contents of the 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.

This document is Part 13 of GB/T 12690 Chemical analysis methods for non-rare earth impurities of rare earth metals and their oxides. The following parts have been released for GB/T 12690:

[bookmark: _Hlk193103392][bookmark: _Hlk193102993]—Part 1: Determination of carbon and sulfur contents — High frequency-infrared absorption method;
—Part 2: Determination of ignition loss content of rare earth oxides — Gravimetric method;
—Part 3: Determination of water content of rare earth oxides — Gravimetric method;
—Part 4: Determination of oxygen and nitrogen contents — Impulse-infrared absorption and impulse-thermal conductivity method;
—Part 5: Determination of cobalt, manganese, lead, nickel, copper, zinc, aluminum, chromium, magnesium, cadmium, vanadium, and iron contents;
—Part 6: Determination of iron content — Kalium thiocyanate, 1,10-Phenanthroline spectrophotometric method;
—Part 7: Determination of silicon content;
—Part 8: Determination of sodium content;
—Part 9: Determination of chlorine content — Silver nitrate turbidimetric method;
—Part 10: Determination of phosphorus content by molybdenum blue spectrophotometric method;
—Part 11: Determination of magnesium content — Flame atomic absorption spectrometric method;
—Part 12: Determination of thorium and uranium contents — Inductively coupled plasma mass spectrum method;
—Part 13: Determination of molybdenum and tungsten content;
—Part 14: Determination of titanium in rare earth metals;
—Part 15: Determination of calcium content;
—Part 16: Determination of fluorine content — Ion selective electrode analysis;
—Part 17: Determination of niobium and tantalum contents of rare earth metals;
—Part 18: Determination of zirconium content;
—Part 19: Determination of arsenic and mercury contents;
—Part 20: Determination of minor amounts of fluorine and chlorine in rare earth oxides — Ion chromatography method;
—Part 21: Determination of sulfate radical content in rare earth oxides — Barium sulfate turbidimetry.
This document replaces GB/T 12690.13-2003 Chemical analysis methods for non-rare earth impurities of rare earth metals and their oxides — Determination of molybdenum and tungsten content — Inductively coupled plasma atomic emission spectrographic method and inductively coupled plasma mass spectrum. In addition to structural adjustments and editorial changes, the following main technical changes have been made with respect to GB/T 12690.13—2003:
a) Changed the scope of application and determination range, and added the provision for arbitration method (see Clause 1; Clause 1 of the 2003 edition);
b) Changed the principle of Method 1 and Method 2 (see 4.1 and 5.1; Clause 2 and Clause 11 of the 2003 edition);
c) Added specifications for reagents and water used in the analysis (see 4.2 and 5.2);
d) Added sodium hydroxide, nitric acid (1+1) and ammonia solution (1+3) as reagents for Method 1 and Method 2 (see 4.2.1, 4.2.2 and 4.2.5);
e) Changed the specific requirements for apparatus in Method 1 and Method 2 (see 4.3 and 5.3; Chapter 4 and Chapter 13 of the 2003 edition);
f) Changed the recommended analytical lines for Method 1 (see Table 1; 6.3.2 of the 2003 edition);
g) Changed the sample treatment procedures for Method 1 and Method 2 (see 4.4 and 5.4; Chapter 5 and Chapter 14 of the 2003 edition);
h) Changed the preparation method of analytical test solutions for Method 1 and Method 2 (see 4.5.4 and 5.5.4; 6.1 and 15.1 of the 2003 edition);
i) Changed the preparation procedure for the standard series solutions for Method 1 and Method 2 (see 4.5.5 and 5.5.5; 6.2 of the 2003 edition);
j) Added the procedure for the establishment of calibration curve and the measurement of blank test solutions for Method 1 and Method 2 (see 4.5.6.1, 4.5.6.2, 5.5.6.1 and 5.5.6.2);
k) Changed the calculation formula for the test data processing for Method 1 and Method 2 (see 4.6 and 5.6; Chapter 7 and Chapter 16 of the 2003 edition);
l) Changed the "allowable deviation" of precision in the Method 1 and Method 2 to "reproducibility" (see 4.7 and 5.7; Chapter 8 and Chapter 17 of the 2003 edition);
m) Deleted the determination conditions for Method 1 and Method 2 (see 6.3.1 and 15.3.1 of the 2003 edition);
n) Changed the measurement isotopes and the internal standard for determination in Method 2 (see Table 4; 15.3.2 of the 2003 edition).

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 first issued in 2003; this is the first revision.


Introduction

In the field of chemical composition analysis of rare earth products, a relatively comprehensive standard system has been established in China for the determination of total rare earth content, non-rare earth impurities, rare earth impurities, etc. GB/T 12690 Chemical analysis methods of non-rare earth impurities in rare earth metals and their oxides, based on the original standard GB/T 12690 Chemical analysis methods of rare earth metals and their oxides, has integrated standards such as GB/T 8762.3—1988 Yttrium oxide of fluorescent grade—Determination of acid soluble silicon dioxide content — Molybdenum blue spectrophotometric method, GB/T 8762.4—1988 Yttrium oxide of fluorescent grade — Determination of ferric oxide, lead oxide, nickel oxide and copper oxide contents — Emission spectrographic method, GB/T 8762.6—1988 Europium oxide of fluorescent grade — Determination of lead oxide, nickel oxide, iron oxide and copper oxide contents — Emission spectrographic method, and GB/T 11074 Chemical analysis methods of yttrium oxide, to form a comprehensive analysis standard for non-rare earth impurities in all rare earth metals and their oxides. The integrated series of method standards references advanced detection methods and essentially covers all rare earth metal and rare earth oxide matrices. It provides rapid and accurate methods for the determination of non-rare earth impurity content in rare earth metals and their oxides, with good practicability.

According to differences in detection objects, detection methods, and the matrices of various rare earth metals and rare earth oxides, GB/T 12690 consists of 21 parts:

—Part 1: Determination of carbon and sulfur contents — High frequency-infrared absorption method. The aim is to establish a high frequency-infrared absorption method for the determination of carbon and sulfur contents in rare earth metals and their oxides.
—Part 2: Determination of ignition loss content of rare earth oxides — Gravimetric method. The aim is to establish a gravimetric method for the determination of ignition loss in rare earth oxides. 
—Part 3: Determination of water content of rare earth oxides — Gravimetric method. The aim is to establish a gravimetric method for the determination of water content in rare earth oxides.
—Part 4: Determination of oxygen and nitrogen contents — Impulse-infrared absorption and impulse-thermal conductivity method. The aim is to establish an impulse-infrared absorption and impulse-thermal conductivity method for the determination of oxygen and nitrogen contents in rare earth metals (except dysprosium metal).
—Part 5: Determination of cobalt, manganese, lead, nickel, copper, zinc, aluminum, chromium, magnesium, cadmium, vanadium, and iron contents. The aim is to establish inductively coupled plasma atomic emission spectrometry and inductively coupled plasma mass spectrometry for the determination of cobalt, manganese, lead, nickel, copper, zinc, aluminum, chromium, magnesium, cadmium, vanadium, and iron contents in rare earth metals and their oxides.
—Part 6: Determination of iron content — Kslium thiocyanate, 1,10-phenanthroline spectrophotometric method. The aim is to establish spectrophotometry for the determination of iron content in rare earth metals and their oxides.
—Part 7: Determination of silicon content. The aim is to establish spectrophotometry and inductively coupled plasma atomic emission spectrometry for the determination of silicon content in rare earth metals and their oxides.
—Part 8: Determination of sodium content. The aim is to establish a flame atomic absorption spectrometry, inductively coupled plasma atomic emission spectrometry and inductively coupled plasma mass spectrometry for the determination of sodium contents in rare earth metals and their oxides.
—Part 9: Determination of chlorine content — Silver nitrate turbidimetric method. The aim is to establish a spectrophotometry for the determination of chlorine contents in rare earth metals and their oxides.
—Part 10: Determination of phosphorus content by molybdenum blue spectrophotometric method. The aim is to establish a spectrophotometry for the determination of phosphorus contents in rare earth metals and their oxides.
—Part 11: Determination of magnesium content — Flame atomic absorption spectrometric method. The aim is to establish a flame atomic absorption spectrometry for the determination of magnesium contents in rare earth metals and their oxides.
—Part 12: Determination of thorium and uranium contents — Inductively coupled plasma mass spectrum method. The aim is to establish inductively coupled plasma mass spectrometry for the determination of thorium and uranium content in rare earth metals and their oxides.
—Part 13: Determination of molybdenum and tungsten content. The aim is to establish inductively coupled plasma atomic emission spectrometry and inductively coupled plasma mass spectrometry for the determination of molybdenum and tungsten contents in rare earth metals.
—Part 14: Determination of titanium in rare earth metals. The aim is to establish inductively coupled plasma atomic emission spectrometry and spectrophotometry for the determination of titanium content in rare earth metals.
—Part 15: Determination of calcium content. The aim is to establish inductively coupled plasma atomic emission spectrometry, flame atomic absorption spectrometry and inductively coupled plasma mass spectrometry for the determination of calcium content in rare earth metals and their oxides.
—Part 16: Determination of fluorine content — Ion selective electrode analysis. The aim is to establish ion selective electrode method for the determination of fluorine content in rare earth metals and their oxides.
—Part 17: Determination of niobium and tantalum contents of rare earth metals. The aim is to establish inductively coupled plasma atomic emission spectrometry and inductively coupled plasma mass spectrometry for the determination of niobium and tantalum content in rare earth metals.
—Part 18: Determination of zirconium content. The aim is to establish inductively coupled plasma atomic emission spectrometry and inductively coupled plasma mass spectrometry for the determination of zirconium content in rare earth metals and their oxides.
—Part 19: Determination of arsenic and mercury contents. The aim is to establish inductively coupled plasma mass spectrometry and atomic fluorescence spectrometry for the determination of arsenic and mercury contents in rare earth metals and their oxides.
—Part 20: Determination of minor amounts of fluorine and chlorine in rare earth oxides — Ion chromatography method. The aim is to establish ion chromatography method for the determination of trace fluorine and chlorine content in rare earth oxides.
—Part 21: Determination of sulfate radical content in rare earth oxides — Barium sulfate turbidimetry. The aim is to establish spectrophotometry for the determination of sulfate radical content in rare earth oxides.
The above parts of the standard are established sequentially according to the elements routinely tested in the production and trade of rare earth metals and their oxides. Each part includes one or more detection methods, respectively specifying the scope of application, the selection of reagents, materials and test equipment, and standardizing the test procedures. Precision data are provided based on multiple tests and validation by multiple laboratories, establishing a rigorous and normative basis for standardization for the quality verification of rare earth metals and their oxides.
At present, molybdenum and tungsten in rare earth metals mainly originate from the containers used in the production and smelting process. In the production and trading process of many rare earth metals, there are requirements for the limits of molybdenum and tungsten content. Therefore, it is particularly important to establish a unified, rapid and accurate standard for the determination of molybdenum and tungsten content in rare earth metals. In practical detection and analysis, inductively coupled plasma atomic emission spectrometry and inductively coupled plasma mass spectrometry can complement each other and comprehensively cover the range of molybdenum and tungsten content requirements in existing product standards. Through extensive condition experiments, this document standardizes each step of the detection process using inductively coupled plasma atomic emission spectrometers and inductively coupled plasma mass spectrometers, ultimately establishing a set of standardized, practical and highly accurate detection methods.



Chemical analysis methods of non-rare earth impurities in rare earth metals and their oxides — Part 13: Determination of molybdenum and tungsten content
1 Scope
[bookmark: _Ref496623692]This document describes the methods for the determination of molybdenum and tungsten content in rare earth metals.
This document is applicable to the determination of molybdenum and tungsten content in rare earth metals. The determination range (mass fraction) for inductively coupled plasma atomic emission spectrometry (Method 1) is from 0.0050% to 0.50%. The determination range (mass fraction) for inductively coupled plasma mass spectrometry (Method 2) is from 0.0001% to 0.10%. When the determination ranges overlap, Method 1 is used as the arbitration method.
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 reference document (including any amendments) applies.
—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: OLE_LINK26]—JJF 1159 Calibration Specification for Quadrupole Inductively Coupled Plasma Mass Spectrometers.
—JJG 768 Verification Regulation of Emission Spectrometer.
3 Terms and Definitions
There are no terms or definitions that need to be defined in this document.

4 Inductively Coupled Plasma Emission Spectrometry (Method 1)
4.1 Principle
The test portion is dissolved with nitric acid and hydrofluoric acid, and the rare earth matrix is separated by fluoride precipitation. The molybdenum and tungsten contents are determined at the selected wavelengths in a nitric acid-boric acid medium using an inductively coupled plasma emission spectrometer.
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. All of the liquid reagents shall be stored in plastic bottles, certified standard solutions are preferred.
4.2.1 Sodium hydroxide.
4.2.2 Nitric acid (ρ= 1.42 g/mL).
4.2.3 Hydrofluoric acid (ρ= 1.14 g/mL).
4.2.4 Nitric acid (1+1).
4.2.5 Ammonia solution (1+3).
4.2.6 Boric acid solution (50 g/L): Weigh 5 g of boric acid and dissolve in 100 mL of water.

4.2.7 Molybdenum standard stock solution: Weigh 0.1500 g of molybdenum oxide [(MoO3) ≥ 99.99%] which has been dried at 110 ℃ for 1 h and cooled to room temperature in a desiccator. Place in a 50 mL plastic beaker, add 20 mL of ammonia solution (4.2.5) to dissolve completely. If the molybdenum oxide is not completely dissolved, add additional 5 mL of ammonia solution (4.2.5) and heat the mixture in 50 ℃ water bath for 5 mins, then cool before constant volume. Transfer to a 100 mL plastic volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of molybdenum per millilitre.

4.2.8 Tungsten standard stock solution: Weigh 0.1261 g of tungsten trioxide [(WO3) ≥ 99.99%] which has been dried at 110 ℃ for 1 h and cooled to room temperature in a desiccator. Place in a 50 mL plastic beaker, add 20 mL of water and 2.0 g of sodium hydroxide (4.2.1) to dissolve completely. If the tungsten trioxide is not completely dissolved, an additional 1.0 g of sodium hydroxide (4.2.1) may be added and stirred until dissolved, avoiding excess (excess will cause precipitation upon subsequent acidification). Transfer to a 100 mL plastic volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of tungsten per millilitre.
4.2.9 Molybdenum and tungsten mixed standard solution: Pipette 5.00 mL of molybdenum standard stock solution (4.2.7) and 5.00 mL of tungsten standard stock solution (4.2.8) into a 100 mL plastic volumetric flask, add 5 mL of hydrofluoric acid (4.2.3), dilute to the mark with water, and mix well. This solution contains 50 μg of molybdenum and 50 μg of tungsten per millilitre.
4.2.10 Argon: Volume fraction ≥ 99.99%.
4.3 Apparatus
Inductively coupled plasma emission spectrometer, which may be used provided it meets the following performance criteria under optimum operating conditions.
—Complies with the provisions of JJG 768.
—The recommended analytical line wavelengths for the elements are listed in Table 1.
Table 1 Recommended analytical lines wavelengths
Unit: nanometres
	Element
	Wavelength

	Molybdenum
	202.032, 268.414, 281.615

	Tungsten
	207.911, 216.632, 248.923


4.4 Sample
4.4.1 Chipped samples of rare earth metal shall be weighed immediately after removal.
4.4.2 For bulk rare earth metal, polish the surface. Drill three points at equal distances on both the upper and lower surfaces of the metal ingot using a drill bit with a diameter of 6 mm. Discard the drillings within 0.5 mm to 1.0 mm from the bulk surface, then obtain the test sample using a drill with a diameter of 4 mm. The sample amount shall be not less than 10 g. Rapidly mix and reduce the obtained sample by quartering into four portions, and weigh the required test portion immediately.
4.5 Test Procedures
4.5.1 Test portion
Weigh 1.00 g of the sample (4.4), accurate to 0.0001 g.
4.5.2 Parallel test
Carry out two tests in parallel.
4.5.3 Blank test 
Carry out a blank test along with the test portion.
4.5.4 Preparation for analytical test solution
4.5.4.1 Place the test portion (4.5.1) in a 200 mL polytetrafluoroethylene (PTFE) beaker and moisten with a small amount of water. Add 10 mL of nitric acid (4.2.4) and heat at low temperature until completely dissolved to a clear solution. Add 50 mL of water and 5 mL of hydrofluoric acid (4.2.3), heat to near boiling， keep it warm on a hot plate at 80 ℃ for 10 min. Allow to cool to room temperature, transfer to a 100 mL plastic volumetric flask, dilute to the mark with water, and mix well. After the precipitate settles, filter through a double layer of slow-speed filter paper (dry filtration).
4.5.4.2 Pipette 10.00 mL of the test solution (4.5.4.1) into a 50 mL plastic volumetric flask, add 5 mL of boric acid solution (4.2.6) and 1 mL of nitric acid (4.2.2), dilute to the mark with water, and mix well. This solution is ready for measurement.
NOTE: If the instrument is equipped with a hydrofluoric acid-resistant sample introduction system, the boric acid solution (4.2.6) may be omitted.
4.5.5 Preparation of standard series solutions
Transfer 0 mL, 0.10 mL, 0.5 mL, 1.00 mL, 2.50 mL, 5.00 mL and 10.00 mL of molybdenum and tungsten mixed standard solution (4.2.9) into seven 50 mL plastic volumetric flasks, respectively; add 4 drops (approx. 0.2 mL) of hydrofluoric acid (4.2.3), 5 mL of boric acid solution (4.2.6) and 1 mL of nitric acid (4.2.2)respectively, dilute to the mark with water, and mix well. 
[bookmark: OLE_LINK65]The mass concentration of the molybdenum and tungsten series standard solutions are 0 μg/mL, 0.10 μg/mL, 0.50 μg/mL, 1.00 μg/mL, 2.50 μg/mL, 5.00 μg/mL, 10.00 μg/mL, respectively.
NOTE: If the instrument is equipped with a hydrofluoric acid-resistant sample introduction system, the boric acid solution (4.2.6) may be omitted.
4.5.6 Determination
4.5.6.1 Plotting the calibration curve
Under the selected operating conditions of the instrument, perform argon plasma atomic emission spectrometric measurement on the series of standard solutions (4.5.5) using the selected analytical spectral lines. Plot the working curve with the optical signal intensity of the element to be determined as the ordinate and the mass concentration of the series of standard solutions as the abscissa. The linear correlation coefficient shall be not less than 0.9995.
4.5.6.2 Determination of blank test solution
After the calibration curve (4.5.6.1) meets the determination requirements, perform argon plasma atomic emission spectrometric measurement on the blank test solution (4.5.3) using the selected analytical spectral lines. The instrument automatically processes the data according to the calibration curve, calculates and outputs the mass concentration of the elements.
4.5.6.3 Determination of analytical test solution
After the calibration curve (4.5.6.1) meets the determination requirements, perform argon plasma atomic emission spectrometric measurement on the analytical test solution (4.5.4.2) using the selected analytical spectral lines. The instrument automatically processes the data according to the calibration curve, calculates and outputs the mass concentration of the elements.
4.6 Test data processing
The molybdenum or tungsten content is calculated as a mass fraction [image: ](i) according to formula (1): 

………………………………（1）
Where,
ρi1 is the mass concentration of the elements to be determined in the analytical test solution (4.5.4.2), read from the working curve or output by the computer, in micrograms per milliliter (μg/mL);
ρi0 is the mass concentration of the elements to be determined in the blank test solution (4.5.3), read from the working curve or output by the computer, in micrograms per milliliter (μg/mL);
V0 is the total volume of solution (4.5.4.1), in milliliter (mL);
V1 is the volume of test solution (4.5.4.2), in milliliter (mL);
m1 is the mass of test portion (4.5.1), in gram (g);
V2 is the volume of transfer test solution taken separately, in milliliter (mL).
The average value shall be reported as the determination result. Calculation results shall be retained to two significant figures and rounded conforming to the provisions of GB/T 8170.
4.7 Precision
4.7.1 Repeatability
Under repeatability conditions, the absolute difference between two independent test results shall not exceed the repeatability limit (r), and the occurrence of exceeding the repeatability limit (r) shall not exceed 5%. The repeatability limit (r) is determined using linear interpolation or extrapolation based on the data in Table 2.
Table 2 The repeatability limit (r)
	Element
	Mass fraction
%
	Repeatability limit (r)
%
	Element
	Mass fraction
%
	Repeatability limit (r)
%

	Molybdenum 
	0.0058
	0.0006
	Tungsten
	0.0052
	0.0006

	
	0.047
	0.003
	
	0.013
	0.002

	
	0.10
	0.005
	
	0.049
	0.004

	
	0.38
	0.03
	
	0.10
	0.007

	
	0.50
	0.03
	
	0.40
	0.03

	
	—
	—
	
	0.50
	0.03

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


4.7.2 Reproducibility
Under reproducibility conditions, the absolute difference between two independent test results shall not exceed the reproducibility limit (R), and the occurrence of exceeding the reproducibility limit (R) shall not exceed 5%. The reproducibility limit (R) is determined by linear interpolation or extrapolation based on the data in Table 3.
Table 3 The reproducibility limit (R)
	Element
	Mass fraction
%
	Reproducibility
limit (R)
%
	Element
	Mass fraction
%
	Reproducibility
limit (R)
%

	Molybdenum
	0.0058
	0.0006
	Tungsten
	0.0052
	0.0006

	
	0.047
	0.003
	
	0.013
	0.002

	
	0.10
	0.005
	
	0.049
	0.004

	
	0.38
	0.03
	
	0.10
	0.007

	
	0.50
	0.03
	
	0.40
	0.03

	
	—
	—
	
	0.50
	0.03

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



5 Inductively Coupled Plasma Mass Spectrometry (Method 2)
5.1 Principle
The test portion is dissolved with nitric acid and hydrofluoric acid, and the rare earth matrix is separated by fluoride precipitation. The molybdenum and tungsten contents are determined at the selected mass numbers in a nitric acid-boric acid medium using an inductively coupled plasma mass spectrometer.
5.2 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. All of the liquid reagents shall be stored in plastic bottles, certified standard solutions are preferred.
5.2.1 Sodium hydroxide.
5.2.2 Nitric acid (ρ= 1.42 g/mL).
5.2.3 Hydrofluoric acid (ρ= 1.14 g/mL).
5.2.4 Nitric acid (1+1).
5.2.5 Ammonia solution (1+3).
5.2.6 Boric acid solution (50 g/L): Weigh 5 g of boric acid and dissolve in 100 mL of water.
5.2.7 Molybdenum standard stock solution: Weigh 0.1500 g of molybdenum oxide [[image: ](MoO3) ≥ 99.99%] which has been dried at 110 ℃ for 1 h and cooled to room temperature in a desiccator. Place in a 50 mL plastic beaker, add 20 mL of ammonia solution (5.2.5) to dissolve completely. 
If the molybdenum oxide is not completely dissolved, add additional 5 mL of ammonia solution (4.2.5) and heat the mixture in 50 ℃ water bath for 5 mins, then cool before constant volume. Transfer to a 1000 mL plastic volumetric flask, dilute to the mark with water, and mix well. This solution contains 100 μg of molybdenum per millilitre.
5.2.8 Tungsten standard stock solution: Weigh 0.1261 g of tungsten trioxide [[image: ](WO3) ≥ 99.99%] which has been dried at 110 ℃ for 1 h and cooled to room temperature in a desiccator. Place in a 50 mL plastic beaker, add 20 mL of water and 2.0 g of sodium hydroxide (5.2.1) to dissolve completely. If the tungsten trioxide is not completely dissolved, an additional 1.0 g of sodium hydroxide (5.2.1) may be added and stirred until dissolved, avoiding excess (excess will cause precipitation upon subsequent acidification). Transfer to a 1000 mL plastic volumetric flask, dilute to the mark with water, and mix well. This solution contains 100 μg of tungsten per millilitre.
5.2.9 Molybdenum and tungsten mixed standard solution: Pipette 1.00 mL of molybdenum standard stock solution (5.2.7) and 1.00 mL of tungsten standard stock solution (5.2.8) into a 200 mL plastic volumetric flask, add 5 mL of hydrofluoric acid (5.2.3), dilute to the mark with water, and mix well. This solution contains 500 ng of molybdenum and 500 ng of tungsten per millilitre.
5.2.10 Cesium internal standard stock solution: Weigh 0.1270 g of Cesium chloride, add 10 mL of water and 2 mL of nitric acid (5.2.2), dissolve until clear, and cool. Transfer to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of Cesium per millilitre.
5.2.11 Thallium internal standard stock solution: Weigh 0.1173 g of thallium chloride, add 10 mL of water to dissolve completely, add 10 mL of nitric acid (5.2.2), transfer to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of thallium per millilitre.
5.2.12 Rhodium internal standard stock solution: Weigh 0.256 g of rhodium chloride hydrate, add 10 mL of water to dissolve completely, add 10 mL of nitric acid (5.2.2), transfer to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1 mg of rhodium per millilitre.
5.2.13 Cesium , rhodium, thallium internal standard mixed solution: Pipette 1.00 mL of cesium internal standard stock solution (5.2.10), 1.00 mL of thallium internal standard stock solution (5.2.11) and 1.00 mL of rhodium internal standard stock solution (5.2.12) into a 1000 mL volumetric flask, add 2 mL of nitric acid (5.2.2), dilute to the mark with water, and mix well. This solution contains 1 μg each of cesium, rhodium, thallium per millilitre.
5.2.14 Argon: Volume fraction ≥ 99.99%.
5.3 Apparatus
Inductively coupled plasma mass spectrometer, which may be used provided it meets the following performance criteria under optimum operating conditions.
—It shall comply with the calibration items and technical specifications for quadrupole plasma mass spectrometers required in JJF 1159.
—The isotope mass numbers for the determination of elements are given in Table 4.
Table 4 Isotope mass numbers for measurement elements
	Element
	Mass number
	isotope mass number
	Mass number

	Molybdenum
	95, 98
	Rhodium
	103

	Tungsten
	184, 186
	Thallium, Cesium
	205, 133

	NOTE: For molybdenum metal and molybdenum-containing metals, the mass number 186 is selected for the determination of tungsten.


5.4 Sample
5.4.1 Chipped samples of rare earth metal shall be weighed immediately after removal.
5.4.2 For bulk rare earth metal, polish the surface. Drill three points at equal distances on both the upper and lower surfaces of the metal ingot using a drill bit with a diameter of 6 mm. Discard the drillings within 0.5 mm to 1.0 mm from the bulk surface, then obtain the test sample using a drill with a diameter of 4 mm. The sample amount shall be not less than 10 g. Rapidly mix and reduce the obtained sample by quartering into four portions, and weigh the required test portion immediately.
5.5 Test Procedures
5.5.1 Test portion
Weigh 1.00 g of the sample (5.4), accurate to 0.0001 g.
5.5.2 Parallel test
Carry out two tests in parallel.
5.5.3 Blank test 
Carry out a blank test along with the test portion.
5.5.4 Preparation for analytical test solution
5.5.4.1 Place the test portion (5.5.1) in a 200 mL polytetrafluoroethylene (PTFE) beaker and moisten with a small amount of water. Add 10 mL of nitric acid (5.2.4) and heat at low temperature until completely dissolved to a clear solution. Add 50 mL of water and 5 mL of hydrofluoric acid (5.2.3), heat to near boiling， keep it warm on a hot plate at 80 ℃ for 10 min.. Allow to cool to room temperature, transfer to a 100 mL plastic volumetric flask, dilute to the mark with water, and mix well. After the precipitate settles, filter through a double layer of slow-speed filter paper (dry filtration).
5.5.4.2 Pipette the corresponding volume of test solution (5.5.4.1) as specified in Table 5 into a 200 mL plastic volumetric flask, add 5 mL of boric acid solution (5.2.6), 4 mL of nitric acid (5.2.2) and 2 mL of cesium, rhodium, thallium internal standard mixed solution (5.2.13), dilute to the mark with water, and mix well. This solution is ready for measurement.
NOTE: If the instrument is equipped with a hydrofluoric acid-resistant sample introduction system, the boric acid solution (5.2.6) may be omitted. When using an instrument with an online internal standard addition device, the cesium, rhodium, thallium mixed internal standard solution (5.2.13) is not added; instead, the mass concentration of the cesium, rhodium, thallium internal standard mixed solution in the online determination solution is controlled to be 10 ng/mL according to the addition ratio of the device.
Table 5 Pipetted volume of sample solution for different content ranges
	Content range of element to be determined (mass fraction)
%
	Pipetted volume
mL

	0.0001~0.0050
	10

	>0.0050~0.10
	1


5.5.5 Preparation of standard series solutions
Transfer 0 mL, 0.10 mL, 0.20 mL, 1.00 mL, 2.00 mL, 5.00 mL and 10.00 mL of molybdenum and tungsten mixed standard solution (5.2.9) into seven 100 mL plastic volumetric flasks, respectively; add 4 drops (approx. 0.2 mL) of hydrofluoric acid (5.2.3), 5 mL of boric acid solution (5.2.6), 2 mL of nitric acid (5.2.2) and 1 mL of Cesium, rhodium, thallium internal standard mixed solution(5.2.13) respectively, dilute to the mark with water, and mix well. The mass concentration of the molybdenum and tungsten series standard solutions are 0 ng/mL, 0.50 ng/mL, 1.00 ng/mL, 5.00 ng/mL, 10.00 ng/mL, 25.00 ng/mL, 50.00 ng /mL, respectively.
NOTE: If the instrument is equipped with a hydrofluoric acid-resistant sample introduction system, the boric acid solution (5.2.6) may be omitted. When using an instrument with an online internal standard addition device, the cesium, rhodium, thallium mixed internal standard solution (5.2.13) is not added; instead, the mass concentration of the cesium, rhodium, thallium internal standard mixed solution in the online determination solution is controlled to be 10 ng/mL according to the addition ratio of the device.
5.5.6 Determination
5.5.6.1 Plotting the calibration curve
After the inductively coupled plasma mass spectrometer operates stably, the ion current signal intensity of the analyte elements and the internal standard elements in the series of standard solutions (5.5.5) shall be measured at the elements and the internal standard element successively providing the selected operating conditions of the instrument. The calibration curve shall be plotted, with the mass concentration of the element to be determined in the series of standard solutions as the abscissa, and the ratio of the ion current signal intensity of the element to be determined to that of the internal standard element as the ordinate. The correlation coefficient of the standard curve concerning each element shall be not less than 0.9995; otherwise, the standardization procedure shall be performed again, or the standard solution series shall be prepared again for standardization.
5.5.6.2 Determination of blank test solution
After the calibration curve (5.5.6.1) meets the determination requirements, perform argon plasma mass spectrometric measurement on the blank test solution (5.5.3) using the selected isotope mass numbers. The instrument automatically processes the data according to the calibration curve, calculates and outputs the mass concentration of the elements.
5.5.6.3 Determination of analytical test solution
After the calibration curve (5.5.6.1) meets the determination requirements, perform argon plasma mass spectrometric measurement on the analytical test solution (5.5.4,2) using the selected analytical spectral lines. The instrument automatically processes the data according to the calibration curve, calculates and outputs the mass concentration of the elements.
5.6 Test data processing
The molybdenum or tungsten content is calculated as a mass fraction [image: ](j) according to formula (2): 

………………………………（2）
Where,
ρj1 is the mass concentration of the elements to be determined in the analytical test solution (5.5.4.2), read from the working curve or output by the computer, in nanograms per milliliter (ng/mL);
ρj0 is the mass concentration of the elements to be determined in the blank test solution (5.5.3), read from the working curve or output by the computer, in nanograms per milliliter (ng/mL);
V3 is the total volume of solution (5.5.4.1), in milliliter (mL);
V4 is the volume of test solution (5.5.4.2), in milliliter (mL);
m2 is the mass of test portion (5.5.1), in gram (g);
V5 is the volume of transfer test solution taken separately, in milliliter (mL).
The average value shall be reported as the determination result. When the result is < 0.0010%, it shall be retained to one significant figures. When the result is ≥ 0.0010%, it shall be retained to two decimal places. And rounded conforming to the provisions of GB/T 8170.
5.7 Precision
5.7.1 Repeatability
Under repeatability conditions, the absolute difference between two independent test results shall not exceed the repeatability limit (r), and the occurrence of exceeding the repeatability limit (r) shall not exceed 5%. The repeatability limit (r) is determined using linear interpolation or extrapolation based on the data in Table 6.
Table 6 The repeatability limit (r)
	Element
	Mass fraction
%
	Repeatability limit (r)
%
	Element
	Mass fraction
%
	Repeatability limit (r)
%

	Molybdenum 
	0.0007
	0.0001
	Tungsten
	0.0002
	0.0001

	
	0.0024
	0.0004
	
	0.0051
	0.0007

	
	0.0060
	0.0008
	
	0.013
	0.002

	
	0.045
	0.005
	
	0.024
	0.002

	
	0.11
	0.01
	
	0.050
	0.004

	
	—
	—
	
	0.11
	0.01

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


5.7.2 Reproducibility
Under reproducibility conditions, the absolute difference between two independent test results shall not exceed the reproducibility limit (R), and the occurrence of exceeding the reproducibility limit (R) shall not exceed 5%. The reproducibility limit (R) is determined by linear interpolation or extrapolation based on the data in Table 7.
Table 7 The reproducibility limit (R)
	Element
	Mass fraction
%
	Reproducibility
limit (R)
%
	Element
	Mass fraction
%
	Reproducibility
limit (R)
%

	Molybdenum
	0.0007
	0.0002
	Tungsten
	0.0002
	0.0001

	
	0.0024
	0.0006
	
	0.0051
	0.0009

	
	0.0060
	0.0010
	
	0.013
	0.002

	
	0.045
	0.006
	
	0.024
	0.003

	
	0.11
	0.01
	
	0.050
	0.006

	
	—
	—
	
	0.11
	0.01

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