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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 9 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;
This document replaces the GB/T 18114.9-2010 Chemical analysis methods of rare earth concentrates — Part 9: Determination of calcium oxide content. In addition to a numberof editorial changes, the following technical deviations have been made with respect to the GB/T 18114.9-2010 Chemical analysis methods of rare earth concentrates — Part 9: Determination of phosphorus pentoxide content.
a) Changed the scope of application of the document (see Clause 1, Clause 1 of the 2010 edition);
b) Changed the analysis wavelength of the phosphobismuth molybdenum blue spectrophotometric method (Method 1) (see 4.1, Clause 2 of the 2010 version);
c) Changed the concentration and dosage of ammonium molybdate in the phosphobismuth molybdenum blue spectrophotometric method (Method 1) (see 4.5.5, 5.4.4 of the 2010 version);
d) Changed the range of the working curve in the phosphobismuth molybdenum blue spectrophotometric method (Method 1) (see 4.5.6.1, 5.5.1 of the 2010 version);
e) Changed the "allowable deviation" of precision in the phosphobismuth molybdenum blue spectrophotometric method (Method 1) to "reproducibility" (see 4.7.3, 7.2 of 2010 version)
;
f) Added measurement requirements for inductively coupled plasma emission spectroscopy (method 2) (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.

The standards series GB/T 18114, Chemical Analysis Methods for Rare Earth Concentrates, focuses mainly on total rare earth oxide contents, fifteen rare earth oxide relative contents and non-rare earth elements in rare earth concentrates. It comprises 11 parts.
—Part 1: Determination of total rare earth oxide contents-Gravimetry. 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—Inductively coupled plasma atomic emission spectrometry. 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—Potassium dichromate titration. 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—Gravimetry. 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.

All methods in this document were verified by interlaboratory testing. The term "tolerance" for precision has been replaced by "reproducibility". Repeatability and reproducibility limits for samples with high, medium, and low phosphorus pentoxide content are provided, making the precision requirements of the method more comprehensive.

GB/T 18114.9-2025
Since its release and implementation, GB/T18114.9-2010 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, based on the original method "Phosphorus bismuth molybdenum blue spectrophotometric method", a new method "Method 2 Inductively Coupled Plasma Atomic Emission Spectrometry" has been added, covering the phosphorus pentoxide content index of current rare earth concentrate products. This provides a fast and accurate method standard for the determination of phosphorus pentoxide content in rare earth concentrates and has good operability.
Chemical analysis methods for rare earth concentrates
-Part9: Determination of phosphorus pentoxide content
1 Scope
This document describes test methods for determination of phosphorus pentoxide content in rare earth concentrates.
This document is applicable to the determination of phosphorus pentoxide content in rare earth concentrates.
This document contains two methods: the phosphorus bismuth molybdenum blue spectrophotometric method (method 1) and the inductively coupled plasma atomic emission spectrometry (method 2). The determination range (mass fraction): 0.10% to 30.00%. 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 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 178 Verification regulation of ultraviolet, visible, near-infrared spectrophotometers
—JJG 768 Emission spectrometer
3 Terms and Definitions
No terms or definitions need to be defined in this document.
4 Phosphorus bismuth molybdenum blue spectrophotometric method (method 1)
4.1 Principle
The sample is melted with alkali and soaked in hot water. Under nitric acid acidity, ethanol is used as a stabilizer, bismuth salt is used as a catalyst, and ammonium molybdate and phosphorus are added to form a phosphorus bismuth molybdenum ternary heteropolyacid. It is reduced with ascorbic acid and measured by colorimetry at a wavelength of 700nm.
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 Ethanol(95%).
4.2.4 Hydrogen peroxide [(H₂O₂)≥30%].
4.2.5 Nitric acid (=1.42 g/mL).
4.2.6 Nitric acid(1+1).
4.2.7 Nitric acid(1+3).
4.2.8 Bismuth nitrate-nitric acid mixture solution (10 g/L): Weigh 10 g of bismuth nitrate and add it to 625 mL of nitric acid (4.2.7), then dilute with water to 1000 mL and mix well.
4.2.9 Ascorbic acid (50 g/L), prepare when needed.
4.2.10 Sodium hydroxide solution (40 g/L), stored in a plastic bottle.
4.2.11 Ammonium molybdate solution (25 g/L): Weigh 5 g of ammonium molybdate and add water to 200 mL. Adjust the pH to 7 with sodium hydroxide solution (4.2.10).
4.2.12 Standard storage solution of phosphorus pentoxide: Weigh 1.9170g of potassium dihydrogen phosphate (analytically pure, previously dried at 100 ℃~105 ℃ for 1h) into a 250mL beaker, add 100mL of water to dissolve it, transfer it to a 1000mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1mg of phosphorus pentoxide per 1mL.
4.2.13 Phosphorus pentoxide standard solution: Transfer 10 mL of the phosphorus pentoxide standard stock solution (4.2.12) to a 200 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 50 μg of phosphorus pentoxide per 1 mL.
4.2.14 p-Nitrophenol indicator (10 g/L).
4.3 Apparatus
Visible spectrophotometer or UV-Vis spectrophotometer.
Under the best working conditions of the instrument, the original visible spectrophotometer or UV-Vis spectrophotometer can be used when it meets the following conditions:
——The spectral bandwidth at 700nm wavelength is no more than 6nm, and the wavelength measurement is accurate to ±1nm;
——Precision: The relative standard deviation of the absorbance measured 10 times with the highest concentration solution of the calibration curve is no more than 0.30%;
——Complies with the provisions of JJG178.
4.4 Sample
4.4.1 The particle size of the sample should not exceed 0.074mm.
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 portion
Weigh sample(4.4) according to Table 1. Accurate to 0.0001 g.
Table 1: Test portion mass and aliquot volume of method 1                                                                             
	Sulfate mass fraction (%)
	Test portion mass
g
	Total volume
mL
	Aliquot volume
mL
	Colorimetric cell
cm

	0.10-1.00
	0.40
	250.00
	10.00
	2

	>1.00-5.00
	0.10
	250.00
	10.00
	2

	>5.00-10.00
	0.10
	250.00
	5.00
	1

	>10.00-30.00
	0.10
	250.00
	2.00
	1


4.5.2 Parallel Test
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
Place the test portion (4.5.1) in an alumina crucible containing 3.0g of pre-dried sodium hydroxide (4.2.1), cover it with 1.5g of sodium peroxide (4.2.2), and heat it on an electric stove to dry off the moisture. Cover the crucible and melt it in a muffle furnace at 750°C until it turns bright red and maintain this temperature for 10 minutes, shaking it once during the process. Then, remove it and let it cool.
After cooling, place the alumina crucible in a beaker containing 100mL of hot water to leach the molten material. After the vigorous reaction, rinse the crucible and its outer wall with water, add 2mL of nitric acid (4.2.6) to wash the inner wall of the crucible, and then rinse it with water. Remove the crucible and its cover, and control the volume of the solution in the beaker after washing to be approximately 150mL. Add 30mL of nitric acid (4.2.5) and 1mL of hydrogen peroxide (4.2.4), and heat it to a boil to make the solution clear. After cooling, transfer it to a 250mL volumetric flask, dilute it to the mark with water, and mix well.
4.5.5 Determination
Transfer the analytical test solution (4.5.4) as per Table 1 into a 100 mL volumetric flask, add 1 drop of p-nitrophenol indicator (4.2.14), adjust the solution to yellow with sodium hydroxide solution (4.2.10), then adjust it to just lose the yellow color with nitric acid (4.2.7), dilute with water to nearly 30 mL, add 10 mL of bismuth nitrate-nitric acid mixed solution (4.2.8), and mix well. Add 2 mL of ascorbic acid (4.2.9), and mix well. Add 10 mL of ammonium molybdate (4.2.11), immediately dilute to the mark with water while shaking, and mix well. After standing for 10 minutes, use the blank reagent as the reference, and measure the absorbance at 700 nm on a spectrophotometer with the corresponding cuvette (see Table 1). The colorimetry should be completed within 40 minutes. The content of phosphorus pentoxide can be obtained from the working curve.
4.5.6 Plotting of the working curve
4.5.6.1 The working curve was plotted when the content of phosphorus pentoxide was 0.10% to 5.00%: 0 mL, 0.20 mL, 0.50 mL, 1.00 mL, 2.00 mL, 3.00 mL and 4.00 mL of the phosphorus pentoxide standard solution (4.2.13) were respectively transferred into a set of 100 mL volumetric flasks, and the determination was carried out as per 4.5.5.
4.5.6.2 When the content of phosphorus pentoxide is greater than 5.00% and no more than 30.00%, the working curve is plotted as follows: Take 0 mL, 1.00 mL, 2.00 mL, 4.00 mL, 5.00 mL, 6.00 mL, and 7.00 mL of the phosphorus pentoxide standard solution (4.2.13) respectively and place them in a set of 100 mL volumetric flasks. The determination is carried out as per 4.5.5.
4.6 Test Data Processing

The content of phosphorus pentoxide is calculated as a mass fraction  using the formula (1): 

[bookmark: _GoBack]……………………………………（1）

Where:
m1 is the mass of phosphorus pentoxide obtained from the working curve, with the unit of micrograms (μg);
V1 is the gross volume of the test solution, in milliliter (mL);
m is the mass of the test portion, in grams (g);
V is the volume of the pipetted test solution, in milliliter (mL); 

The absolute difference between two parallel determinations should not exceed the repeatability limit (r) specified in Table 2. The average value is reported as the final result. Results are retained to two decimal places., and numerical rounding follows the rules 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 seven laboratories in 2024, using six different levels of samples. Each laboratory independently determined the content of phosphorus pentoxide under repeatability conditions, 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) listed in Table 2. If exceeded, the probability is ≤5%. The r-values are calculated via linear interpolation or extrapolation.
Table 2: Repeatability Limits of method 1 (r)
	Sulfate Content (%)
	Repeatability Limit (r,%)

	0.29
	0.03

	1.78
	0.09

	8.73
	0.21

	13.39
	0.25

	30.36
	0.53

	Note: r=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) listed in Table 3. If exceeded, the probability is ≤5%. The R-values are calculated via linear interpolation or extrapolation.
Table 3: Reproducibility Limits of method 1 (R)
	Sulfate Content (%)
	Reproducibility Limit (R, %)

	0.29
	0.03

	1.78
	0.09

	8.73
	0.23

	13.39
	0.29

	30.36
	0.55

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


5 Inductively Coupled Plasma Atomic Emission Spectrometry (method 2)
5.1 Principle
The sample is fused with alkali, leached with hot water, dissolved in nitric acid, and the amount of phosphorus pentoxide was determined by inductively coupled plasma atomic emission spectrometry.
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. Certified standard solutions are preferred.
5.2.1 Sodium hydroxide.
5.2.2 Sodium peroxide.
5.2.3 Nitric acid (=1.42 g/mL).
5.2.4 Nitric acid(1+1).
5.2.5 Hydrogen peroxide [(H₂O₂)≥30%].
5.2.6 Standard storage solution of phosphorus pentoxide: Weigh 1.9170g of potassium dihydrogen phosphate (analytically pure, previously dried at 100 ° ℃~105 ℃ for 1h) into a 250mL beaker, add 100mL of water to dissolve it, transfer it to a 1000mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 1mg of phosphorus pentoxide per 1mL.
5.2.7 Phosphorus pentoxide standard solution: Transfer 10 mL of the phosphorus pentoxide standard stock solution (4.2.12) to a 100 mL volumetric flask, dilute to the mark with water, and mix well. This solution contains 100 μg of phosphorus pentoxide per 1 mL.
5.3 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.
5.4 Sample
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 portion
Weigh samples according to Table 4. Accurate to 0.0001 g.
Table 4: Test portion mass and aliquot volume of method 2                                                                             
	Sulfate mass fraction (%)
	Test portion mass
g
	Total volume
mL
	Aliquot volume
mL
	Dilution volume
ml

	0.10-1.00
	0.40
	250.00
	5.00
	25

	>1.00-30.00
	0.10
	250.00
	5.00
	50


5.5.2 Parallel Test
Weigh two test portions (5.5.1) and perform parallel determinations.
5.5.3 Blank Test
Carry out a blank test along with the sample.
5.5.4 Preparation of Analytical Test Solution
Place the test portion (5.5.1) in an alumina crucible containing 3.0g of sodium hydroxide (5.2.1) that has been previously dried to remove moisture, and cover it with 1.5g of sodium peroxide (5.2.2). Heat on an electric stove to remove moisture, then cover the crucible lid, and fuse in a muffle furnace at 750℃ until it turns cherry red and maintain for 10 minutes. Take it out and shake once in the middle, then take it out and cool.
Place the crucible in a beaker containing 100 mL of hot water for leaching. After the vigorous reaction ceases, rinse the crucible and its outer wall with water, then add 2 mL of nitric acid (5.2.4) to wash the inner wall of the crucible. Rinse with water, remove the crucible and its lid, and control the volume of the solution in the beaker after cleaning to approximately 150 mL. Add 30 mL of nitric acid (5.2.3) and 1 mL of hydrogen peroxide (5.2.5), heat and boil to make the solution clear. After slightly cooling, transfer the solution to a 250 mL volumetric flask, dilute to the mark with water, and mix well.
5.5.5 Preparation of standard series solutions
Transfer 0 mL, 0.25 mL, 0.50 mL, 2.50 mL, 5.00 mL and 10.00 mL of the phosphorus pentoxide standard solution (5.2.7) respectively into 50 mL volumetric flasks, add 1 mL of nitric acid (5.2.3), dilute to the mark with water and mix well. Prepare a series of standard solutions with phosphorus pentoxide concentrations of 0, 0.50 μg/mL, 1.00 μg/mL, 5.00 μg/mL, 10.00 μg/mL and 20.00 μg/mL respectively.
5.5.6 Determination
5.5.6.1 The recommended analytical lines, see table 5.
Table 5 The recommended analytical lines
	Element
	Analytical lines
nm

	P
	178.2、185.8、213.6、214.9



5.5.6.2 After the inductively coupled plasma atomic emission spectrometer operates stably, under the selected instrument working conditions, the emission intensities of the element to be measured in the series of standard solutions (5.5.5) are determined successively at the recommended analytical line wavelength of the element to be measured. The mass concentration of the element to be measured in the standard solution is taken as the abscissa, and the signal intensity of the element to be measured is taken as the ordinate. The standard curve is plotted by the instrument software. The correlation coefficient of the standard curve should be above 0.9995; otherwise, the standardization should be redone or a new series of standard solutions should be prepared for standardization.
5.5.6.3 After the standard curve (5.5.6.2) meets the requirements of the determination, take the test solution according to the content as shown in Table 4, make up to volume, and immediately measure the emission intensity of the element to be determined in the analytical test solution (5.5.4) and the blank test solution (5.5.3). The instrument automatically processes the data based on the standard curve, calculates and outputs the content of phosphorus pentoxide.
5.6 Test Data Processing

The content of phosphorus pentoxide is calculated as a mass fraction  using the formula (1): 

……………………………………（1）
Where:
ρ1 is the mass concentration of phosphorus pentoxide in the sample solution, expressed in micrograms per milliliter (μg/mL);
ρ2 is the mass concentration of phosphorus pentoxide in the blank test solution, expressed in micrograms per milliliter (μg/mL);
V2 is the gross volume of the test solution, in milliliter (mL);
V3 is the volume of the test solution, in milliliter(mL);
m2 is the mass of the test portion, in gram(g);
V4 is the volume of the pipetted test solution, in milliliter(mL).

The absolute difference between two parallel determinations should not exceed the repeatability limit (r) specified in Table 2. The average value is reported as the final result. Results are retained to two decimal places, and numerical rounding follows the rules of GB/T 8170.
5.7 Precision
5.7.1 Repeatability
The precision data were based on the collaborative trial statistics and calculations from seven laboratories in 2024, using six different levels of samples. Each laboratory independently determined the content of phosphorus pentoxide under repeatability conditions, with 11 determinations for each level. The experimental data were statistically analyzed according to GB/T 6379.2.Under repeatability conditions, the absolute difference between two independent test results shall not exceed the repeatability limit (r) listed in Table 6. If exceeded, the probability is ≤5%. The r-values are calculated via linear interpolation or extrapolation.
Table 6: Repeatability Limits of method 2 (r)
	Sulfate Content (%)
	Repeatability Limit (r,%)

	0.29
	0.02

	1.75
	0.07

	8.70
	0.18

	13.48
	0.28

	30.38
	0.43

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


5.7.2 Reproducibility
Under reproducibility conditions, the absolute difference between two independent test results shall not exceed the reproducibility limit (R) listed in Table 7. If exceeded, the probability is ≤5%. The R-values are calculated via linear interpolation or extrapolation.
Table 7: Reproducibility Limits of method 2 (R)
	Sulfate Content (%)
	Reproducibility Limit (R, %)

	0.29
	0.03

	1.75
	0.08

	8.70
	0.19

	13.48
	0.32

	30.38
	0.43

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