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IV
I
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: SectionMark4]
[bookmark: _Hlk193103392][bookmark: _Hlk193102993]This document is part 11 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:
—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.
[bookmark: OLE_LINK3]—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-Inductively coupled plasma atomic emission spectrographic method and inductively coupled plasma mass spectrum method.
—Part 14: Determination of titanium content 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.
[bookmark: _Hlk196742928]This document replaces the GB/T 12690.11-2003 Chemical analysis methods for non-rare earth impurities of rare earth metals and their oxides- Determination of magnesium content-Flame atomic absorption spectrometric method in whole. In addition to structural adjustments and some editorial changes, the following technical changes have been made with respect to the GB/T 12690.11-2003 (Chemical analysis methods for non-rare earth impurities of rare earth metals and their oxides-Part 11: Determination of magnesium content-Flame atomic absorption spectrometric method) (the previous edition):
a) Added magnesium standard solution A (see 5.5);
b) Modified the concentration of magnesium standard solution B (see 5.6，3.5 of the 2003 edition);
c) Modified the sample preparation conditions (see Chapter 7，5.1 of the 2003 edition);
d) Modified the test portion mass and constant volume (see 8.1,6.1 of the 2003 edition);
e) Added standard curve method (see 8.4.2.2);
f) Modified the “precision”, with “tolerance” replaced by “reproducibility” (see 10.3，8.2 of the 2003 edition);
g) Deleted the chapter on quality assurance and control (see Chapter 9 of the 2003 edition);
h) Deleted instrument operating conditions (see Appendix A 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 published in 1990 as GB/T 12690.25-1990 Chemical analysis methods for rare earth metals and their oxides: Determination of magnesium content by flame atomic absorption spectroscopy, The first edition was revised in 2003 as GB/T 12690.11-2003 Chemical analysis methods for non-rare earth impurities in rare earth metals and their oxides – Part 11: Determination of magnesium content - Flame atomic absorption spectrometric method, this is the second revised edition.
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I

Introduction
In the field of chemical composition analysis for rare earth products, China has established a comprehensive standard system covering the determination of rare earth content, non-rare earth impurities, and rare earth impurities. The series standard GB/T 12690 Chemical analysis methods for non-rare earth impurities of rare earth metals and their oxides are based on the original standard GB/T 12690 Chemical analysis methods for rare earth metals and their oxides, incorporates GB/T 8762.3-1988 Yttrium oxide of phosphor grade-Determination of acid soluble silicon dioxide-Molybdenum blue photometric method, GB/T 8762.4-1988 Yttrium oxide of phosphor grade-Determination of iron oxide, lead oxide, nickel oxide and copper oxide contents- Emission spectrographic method, GB/T 8762.6-1988 Europium oxide of phosphor grade-Determination of lead oxide, nickel oxide, iron oxide and copper oxide contents- Emission spectrographic method, GB/T 11074 Chemical analysis methods for samarium oxide series standards ,then forming a comprehensive analytical standard for non-rare-earth impurities in all rare-earth metals and their oxides. The integrated series adopts advanced testing methods and comprehensively covers all rare earth metals and oxide matrices. It provides rapid and accurate methods for determining non-rare earth impurities in rare earth metals and oxides, ensuring high operability.

According to the differences in the detection objects, test methods, and the matrix of various rare earth metals and rare earth oxides, the GB/T 12690 comprises the following 21 parts:
—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 content 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.

The above documents are established in sequence according to the conventional detection elements in the production and trade of rare earth metals and their oxides. Each part includes one or more test methods, specifies the scope of application, the selection of reagents and apparatus, as well as standardizing the test procedures. Precision data are provided after multiple tests and verification by several laboratories, thus establishing a rigorous and standardized foundation for the quality verification of rare earth metals and their oxides.

GB/T 12690.11—2025

Chemical analysis methods for non-rare earth impurities of rare earth metals and their oxides—
Part 11：Determination of magnesium content—Flame atomic absorption spectrometric method
1 Scope
This document describes a method for determining magnesium content in rare earth metals and their oxides by flame atomic absorption spectroscopy.
This document is applicable to the determination of magnesium content in rare earth metals and their oxides, with a measurement range (mass fraction) of 0.0005% to 0.30%.

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
​JJG 694 Verification regulation of atomic absorption spectrophotometers

3 Terms and definitions
There are no terms or definitions that need to be defined in this document.

4 Theory
[bookmark: OLE_LINK4]The sample is dissolved in hydrochloric acid or nitric acid. In a dilute acid medium, the absorbance of magnesium is measured at a wavelength of 285.2 nm using an air-acetylene flame atomic absorption spectrometer. The magnesium content is calculated by either the standard addition method or the standard curve method.

5 Reagents and materials
Unless otherwise stated, only reagents confirmed to be superior purity or higher grade, and distilled water of Grade II or higher as defined by GB/T 6682 or water of equivalent purity, shall be used in the analytical process. Certified standard solutions shall be prioritized for liquids.
5.1 Hydrogen peroxide [(H₂O₂)≥30%].
5.2 Hydrochloric acid (1+1).
5.3 Nitric acid (1+1).
5.4 Magnesium standard storage solution: Weigh 0.4146 g of magnesium oxide [(MgO) ≥ 99.95%], previously ignited at 800 ℃ to constant weight, into a 100 mL beaker. Add 10 mL water and 10 mL hydrochloric acid (5.2), then heat to dissolve. Boil to remove all carbon dioxide, cool to room temperature, transfer to a 500 mL volumetric flask, dilute to the mark with water, and mix thoroughly. This solution contains 500 μg of magnesium per milliliter.
5.5 Magnesium standard solution A: Accurately transfer 5.00 mL of the magnesium standard storage solution (5.4) into a 500 mL volumetric flask, dilute to the mark with water, and mix thoroughly. This solution contains 5.0 μg of magnesium per milliliter.
5.6 Magnesium standard solution B: Accurately transfer 3.00 mL of the magnesium standard storage solution (5.4) into a 1000 mL volumetric flask, dilute to the mark with water, and mix thoroughly. This solution contains 1.5 μg of magnesium per milliliter.
5.7 Acetylene gas (Volume fraction≥99.99%).

6 Apparatus
Flame atomic absorption spectrometer, complete with magnesium hollow cathode lamp.
Under the instrument's optimal operating conditions, meeting the following specifications may be used.
——Characteristic concentration: In a solution matching the matrix of the sample solution being measured, the characteristic concentration of magnesium shall not exceed 0.0055 μg/mL.
——Precision: When measuring the absorbance ten times using the highest concentration standard solution, the standard deviation shall not exceed 1.0% of the mean absorbance value. When measuring the absorbance ten times using the lowest concentration standard solution (not the ‘zero’ concentration solution), the standard deviation shall not exceed 0.5% of the mean absorbance value of the highest concentration standard solution.
——Linear working curve: When the working curve is divided into five equal segments by concentration, the ratio of the absorbance difference in the highest segment to that in the lowest segment shall not be less than 0.7.
——Complies with the rules of JJG 694.

7 Samples
7.1 The rare earth oxide sample was dried in an oven at 105 ℃ for 1 hour, cooled to room temperature in a desiccator, and weighed immediately.
7.2 The rare earth metal chip samples shall be weighed immediately after removal.
7.3 Grind the surface of the rare earth metal ingot clean. Using a 6 mm diameter drill bit, drill three points equidistantly on both upper and lower surfaces of the ingot. Discard the drill cuttings within 0.5 mm to 1.0 mm of the ingot surface. Subsequently, use a 4 mm diameter drill bit to extract the sample, ensuring the sample quantity is no less than 10 g. Promptly mix the obtained sample thoroughly and subdivide it into four equal portions, and immediately weigh according to the required sample quantity.

8 Test procedures
8.1 Test portion
Weigh samples according to Table 1 (Chapter 7), accurate to 0.0001 g.
Table 1 Test portion mass and constant volume                                                                              
	Mass fraction of magnesium
%
	Test portion mass
g
	Total volume of the test solution 
mL
	Volume of the transferred test solution mL
	Volume of the test solution for determination
mL

	0.0005-0.0025
	1.00
	50
	10.00
	25

	＞0.0025-0.0070
	1.00
	100
	5.00
	

	＞0.0070-0.015
	0.50
	100
	5.00
	

	＞0.015-0.050
	0.20
	100
	5.00
	

	＞0.050-0.15
	0.50
	200
	5.00
	100

	＞0.15-0.30
	0.30
	200
	5.00
	



8.2 Parallel test
Carry out two tests in parallel.
8.3 Blank test
Carry out a blank test alongside the test portion.
8.4 Determination
8.4.1 Preparation of analytical solution
[bookmark: OLE_LINK6]8.4.1.1 According to Table 1, weigh the sample (8.1) which does not contain cerium dioxide into a 100 mL beaker. Add 6 mL hydrochloric acid (5.2), heat gently until completely dissolved, cool to room temperature, transfer to a volumetric flask, dilute to the mark with water, and mix thoroughly.
[bookmark: OLE_LINK5]8.4.1.2 According to Table 1, weigh the cerium dioxide sample (8.1) into a 100 mL beaker. Add 6 mL of nitric acid (5.3), and 1 mL to 3 mL of hydrogen peroxide (5.1). Heat gently until completely dissolved. Evaporate the solution to 2 mL to 3 mL, cool to room temperature, transfer to a volumetric flask, dilute to the mark with water, and mix thoroughly.
8.4.2 Plotting and determination of working curves
8.4.2.1 Standard addition method (Applicable for magnesium content range: 0.0005% to 0.050%)
8.4.2.1.1 Transfer four test solutions according to Table 1 into a set of 25 mL colorimetric tubes. Add 0 mL, 1.00 mL, 2.00 mL, and 3.00 mL of magnesium standard solution B (5.6) respectively to each tube. Dilute to the mark with water and mix thoroughly.
[bookmark: OLE_LINK1]8.4.2.1.2 Using an air-acetylene flame, measure the absorbance of the test solution at a wavelength of 285.2 nm in the atomic absorption spectrophotometer, with water used for zero adjustment. Plot a standard addition curve with magnesium mass concentration as the x-axis and absorbance as the y-axis, the magnesium content of the test solution was obtained by extrapolation from the standard addition curve.
8.4.2.2 Standard curve method (Applicable for magnesium content range: >0.050% to 0.30%)
8.4.2.2.1 Transfer the test solution to a 100 mL volumetric flask according to Table 1. Add 2 mL of hydrochloric acid (5.2) or nitric acid (5.3), dilute to the mark with water, and mix thoroughly. 
8.4.2.2.2 Using an air-acetylene flame, measure the absorbance of the test solution at a wavelength of 285.2 nm in an atomic absorption spectrophotometer, with water used for zero adjustment. The magnesium content of the test solution was obtained from the Standard curve.
[bookmark: OLE_LINK2]8.4.2.2.3 Plotting and determination of working curves: Transfer 0 mL, 1.00 mL, 2.00 mL, 3.00 mL, 4.00 mL, and 5.00 mL of magnesium standard solution A (5.5) into a series of 100 mL volumetric flasks. Add 2 mL of hydrochloric acid (5.2) or nitric acid (5.3), dilute to the mark with water, and mix thoroughly. According to the instrument's operating conditions, set the zero point with water at wavelength 285.2 nm. Measure the absorbance of the test solution. Plot the working curve with magnesium content on the x-axis and absorbance on the y-axis.

9 Test data processing
The mass fraction of magnesium or magnesium oxide(w) is calculated according to Formula (1):
……………………………………（1）
Where:
 is 1.658 2, the conversion factor between magnesium oxide and its elemental form (when calculating magnesium content, k=1);
 is the mass concentration of magnesium in the test solution, determined by reference to the standard curve, expressed in micrograms per milliliter (µg/mL)；
 is the mass concentration of magnesium in the blank solution accompanying the test sample, determined from the standard curve, expressed in micrograms per milliliter (µg/mL)；
 is the total volume of the test solution, expressed in milliliter (mL)；
 is the volume of the test solution for determination, measured in milliliter (mL)；
m is the mass of the sample, measured in grams (g)；
 is the volume of the transferred test solution, measured in milliliter (mL).
When the mass fraction of magnesium (w) is less than 0.0010%, the calculation result shall be retained to one significant digit. When the mass fraction of magnesium (w) is not less than 0.0010%, it shall be retained to two significant digits. Rounding of numerical values shall be performed in accordance with the rules of GB/T 8170.

10 Precision
10.1 Precision Raw Data and Statistics
The precision data were established in 2024 through collaborative trials conducted by seven laboratories on seven samples of varying concentrations. Each laboratory independently determined the magnesium content for each concentration level 11 times under repeatability conditions. The trial data were statistically analyzed in accordance with GB/T 6379.2.
10.2 Repeatability
Under repeatability conditions, the absolute difference between two independent test results shall not exceed the repeatability limit (r) listed in Table 2. If exceeded, the probability is no more than 5%. The repeatability (r) is calculated via linear interpolation or extrapolation in accordance with the data in Table 2.

Table 2 Repeatability limits 
	Magnesium mass fraction(ω)
%
	Repeatability limit(r)
%

	0.0005
	0.0001

	0.0010
	0.0001

	0.0030
	0.0003

	0.0069
	0.0004

	0.059
	0.004

	0.11
	0.01

	0.29
	0.01

	Note: r=2.8×Sr, where Sr is the repeatability standard deviation.



10.3 Reproducibility
Under reproducibility conditions, the absolute difference between two independent test results shall not exceed the reproducibility limit (R) listed in Table 3. If exceeded, the probability is no more than 5%. The reproducibility (R) is calculated via linear interpolation or extrapolation in accordance with the data in Table 3.
Table 3 Reproducibility Limits (R)
	Magnesium mass fraction(w)
%
	Reproducibility limit(R)
%

	0.0005
	0.0002

	0.0010
	0.0003

	0.0030
	0.0005

	0.0069
	0.0010

	0.059
	0.010

	0.11
	0.02

	0.29
	0.03

	Note: R=2.8×SR, where SR is the reproducibility standard deviation.
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