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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: _Hlk152925953]This document is part 11 of GB/T 18114 Chemical analysis methods for rare earth concentrates.The following parts have been released for GB/T 18114:
[bookmark: _Hlk152927161]—Part 1: Determination of total rare earth oxide contents—Gravimetry;
—Part 2: Determination of oxide thorium content;
—Part 3: Determination of calcium oxide content;
—Part 4: Determination of niobium oxide,zirconium oxide and titanium oxide contents—Inductively coupled plasma atomic emission  spectrometry;
—Part 5: Determination of aluminum 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 18114.11-2010 (Chemical analysis methods for rare earth concentrates—Part 11: Determination of fluorine content—EDTA titration).Compared with GB/T 18114.11-2010,except for structural adjustments and editorial changes,the main technical changes are as follows:
a) Changed the scope of application of the document(see clause 1,clause 1 of 2010 edition);
b) Changed the distillation  temperature(see 4.1,clause 2 of 2010 edition);
c) Changed the indicator adjusting distillate pH value of EDTA titration method(see 4.2.9, 3.8 of 2010 edition);
d) Changed the method of preparation and calibration of EDTA standard titration solution(see 4.2.12, 3.11 of 2010 edition);
e) Changed the method of preparation and calibration of lanthanum chloride standard solution(see 4.2.13, 3.12 of 2010 edition);
f) Changed the distillation apparatus diagram(see 4.3, clause 4 of  2010 edition);
g) Changed weighed amounts of test materials of EDTA titration(see 4.5.1,6.1 of 2010 edition);
h) Changed perchloric acid volume of EDTA titration(see 4.5.3.1, 6.3.1 of 2010 edition);
i) Changed lanthanum standard solution volume of EDTA titration(see 4.5.3.1, table 1 in 6.3.1 of 2010 edition);
j) The “ tolerance ”of the accuracy is changed to“reproducibility”(see 4.7.3, 8.2 of 2010 edition);
k) Added testing requirements of alizarin spectrophotometry(method 2)and fluorine ion selective electrode(method 3)(see clause 5 and clause 6).
Attention is drawn to the possibility that some of the elements of this standard 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 2010 as first edition.This is the first 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,test equipment and procedures,and by generating a large number of experimental and precision verification data,scientific and accurate standard methods are established.It can 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 rare earth concentrate 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 distribution.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.

[bookmark: _GoBack]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 fluorine content are provided, making the precision requirements of the method more comprehensive.

Revision of part 11 is based on GB/T 18114.11-2010. Under the premise of improving the original method -" EDTA titration "(method 1), alizarin spectrophotometry(method 2)and fluorine ion selective electrode method(method 3)are added in the standard, which cover requirements of fluorine content indicators in rare earth concentrate products.It provides a variety of determination methods for the chemical composition of rare earth concentrates and has good operability.

[bookmark: _Hlk146289216]
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Chemical analysis methods for rare earth concentrates— Part 11:Determination of Fluorine Content

1　Scope
[bookmark: _Hlk139406038]This document describes methods for the determination of fluorine content in rare earth concentrates.
This document is applicable to the determination of fluorine content in rare earth concentrates.
This document contains three methods:EDTA titration (method 1),alizarin spectrophotometry (method 2) and fluorine ion selective electrode method (method 3).The determination range (mass fraction) of method 1: 2.00 % to 20.00 %, the determination range (mass fraction) of method 2: 0.10 % to 2.00 %, the determination range (mass fraction) of method 3:0.10 % to 20.00 %.
When the determination range of 0.10 % to 5.00 % overlaps, method 3 is used as arbitration method. When the determination range of >5.00% to 20.00 % overlaps, method 1 is used as 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 items)applies.
—GB/T 601 Chemical reagent — Preparations of reference titration solutions
—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
[bookmark: _Hlk146289435]—GB/T 8170　Rules of rounding off for numerical values & expression and judgement of limiting values
—JJG 178 Ultraviolet, Visible,Near—Infrared Spectrophotometers
3　Terms and Definitions
No terms or definitions need to be defined in this document.
4　EDTA titration (method 1)
4.1　Theory
The sample was decomposed by perchloric acid at 130 ℃-140 ℃,during which the fluorine is separated from the sample with water vapor.In distillate solution with pH of 2.0–2.5, the standard lanthanum chloride solution was added to form lanthanum fluoride precipitate with fluorine.Then,in hexamethylenetetramine buffer solution with pH of 5.5–6.0,the excess lanthanum chloride was titrated by EDTA standard solution using xylenol orangeas as indicator and the mass fraction of fluorine was calculated.
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  Hydroxylamine hydrochloride.
4.2.2　Perchloric acid(ρ=1.67 g/mL).
4.2.3　Hydrochloric acid(ρ=1.19 g/mL).
4.2.4　Hydrochloric acid(1+1).
4.2.5　Hydrochloric acid(1+4).
4.2.6　Ammonia(1+1).
4.2.7　Sodium hydroxide solution(400 g/L).
4.2.8　Hexamethylenetetramine buffer solution: Dissolve 400 g hexamethylenetetramine in 70 mL hydrochloric acid(4.2.3), dilute to 1000 mL with water.
4.2.9  p-Nitrophenol indicator(2 g/L).
4.2.10 Xylenol orange indicator(5 g/L).
4.2.11 Zinc standard solution,c(Zn2+)=0.020 00mol/L: Weigh 1.3000 g zinc [w(Zn)>99.9 %, remove  surface oxide layer]in 250 mL volumetric plastic beaker,add 20 mL water and 20 mL hydrochloric acid(4.2.5),heat at low temperature until complete dissolution. Transfer the solution into a 1000 mL volumetric flask,dilute to the mark with water and mix thoroughly.
4.2.12 Ethylenediamine tetraacetic acid disodium salt (EDTA) standard titration solution,c(EDTA)≈0.010 mol/L.Preparation and standardization should be performed according to the following requirements:
a) Preparation: Weigh 7.5 g EDTA into a 250 mL volumetric beaker,dissolve with a small amount of water,transfer to a 2000 mL volumetric flask,dilute to the mark with water and mix thoroughly.  
b) Standardization: Pipette 10.00 mL of zinc standard solution(4.2.11)into a 250 mL volumetric conical flask,add 50 mL water and 2 drops of p-nitrophenol indicator(4.2.9), adjust the solution to yellow with ammonia(4.2.6),then back to colorless with hydrochloric acid(4.2.4),add 5 mL hexamethylenetetramine buffer solution(4.2.8)and 2 drops of xylenol orange indicator(4.2.10),titrate with the prepared EDTA standard solution until the color changes from purple-red to bright yellow.The number of parallel determinations and the allowable relative deviation of results should comply with GB/T 601. 
The concentration of EDTA standard titration solution calculated as c1 using to formula (1):

                                    …………………( 1 )
Where:
c₀is the molar concentration of zinc standard solution(4.2.11),expressed in moles per liter(mol/L);
V₁is the volume of zinc standard solution(4.2.11)pipetted,expressed in milliliters(mL);  
V₂is the volume of EDTA standard titration solution(4.2.12)consumed for titrating, expressed in milliliters(mL).  
4.2.13 Lanthanum standard solution, c(La³⁺)≈0.020 mol/L.Preparation and standardization should be performed according to the following requirements:
 a) Preparation: Weigh 6.5 g lanthanum oxide[w (REO) ≥ 99.5 %,w (La₂O₃/REO) > 99.9 %]into a 250 mL volumetric beaker.Add 50 mL water and 50 mL hydrochloric acid(4.2.4),heat at low temperature until complete dissolution.Cool to room temperature,transfer to a 2000 mL volumetric flask,dilute to the mark with water and mix thoroughly. 
b) Standardization: Pipette 20.00 mL lanthanum standard solution(4.2.13 a)into a 250 mL volumetric conical flask,add 50 mL water and 2 drops of p-nitrophenol indicator(4.2.9),adjust the solution to faint yellow using hydrochloric acid(4.2.4)and ammonia(4.2.6),add 5 mL of hexamethylenetetramine buffer solution(4.2.8)and 2 drops of xylenol orange indicator(4.2.10),titrate with EDTA standard titration solution(4.2.12)until the color changes from purple-red to bright yellow.The number of parallel determinations and the allowable relative deviation of results should comply with GB/T 601. 
The concentration of lanthanum oxide standard titration solution calculated as c2 using to formula(2):

                           …………………………( 2 )
Where: 
c₁is the concentration of EDTA standard titration solution(4.2.12),expressed in moles per liter(mol/L);  
V₃is the volume of EDTA standard titration solution(4.2.12)consumed for titrating,expressed in milliliters(mL);  
V₄is the volume of lanthanum standard solution(4.2.13)pipetted,expressed in milliliters(mL).
4.3　Apparatus
[bookmark: _Hlk152943506]Steam distillation unit, see Figure 1.
[image: ]
Index number legend:
1 — Heating device 
2 — Steam distillation flask 
3 — Rubber plugs 
4 — Safety tube  
5 — Glass conduit 
6 — Water stop clamp  
7 — Distillation flask
8 — Thermometer 
9 — Glass bend nozzle
10 — Condenser
11 — Beaker  
Figure 1  Steam distillation unit
4.4　Sample
4.4.1　The particle size of the sample should not exceed 0.074 mm.
4.4.2  The sample is baked in oven at 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)as specified in the Table 1， accurate to 0.0001 g.
Table 1  Amount of test portion
	Mass fraction
%
	Test portion weight
g

	2. 00~ 5. 00
	0. 30

	>5. 00~ 10. 00
	0. 15

	>10. 00~ 20. 00
	0. 10


4.5.2　Parallel test
Take parallel test portions for determination and calculate the mean result.
4.5.3　Determination
4.5.3.1　Introduce the test portion(4.5.1)into distillation flask.Rinse the flask wall with a small amount of water to ensure complete sample transfer.Add 20 mL perchloric acid(4.2.2)and seal the flask with a rubber plug equipped with a thermometer and glass conduit.Connect the distillation flask to the steam distillation apparatus(see Figure 1). Collect distillate in a 400 mL receiver with 20.00 mL lanthanum standard solution(4.2.13)and 0.2 g hydroxylamine hydrochloride(4.2.1).Turn on cooling water,initiate heating. Maintain temperature between 130 ℃ and 140 ℃(The distillation temperature should be strictly controlled.Temperatures below 130 ℃ will result in incomplete distillation;too high temperature will interfere with judging titration end point,because of too much perchloric acid in solution).Terminate distillation when approximately 250 mL of distillate is collected. 
4.5.3.2  Remove the receiving vessel. Add 1–2 drops of p-nitrophenol indicator(4.2.9)and adjust the solution from yellow to colorless using sodium hydroxide solution(4.2.7)and hydrochloric acid(4.2.4).Fine-tune the pH of the solution to 2.0–2.5 with sodium hydroxide solution(4.2.7),hydrochloric acid(4.2.5)and precision pH test paper. Heat to boiling for 1 min–2 min, then cool under running water to room temperature.Add 15 mL hexamethylenetetramine buffer(4.2.8)and 2 drops of xylenol orange indicator(4.2.10).Titrate with EDTA standard solution (4.2.12)until the color changes from purple - red to yellow. 
4.6　Test data Processing
The fluorine content is calculated as mass fraction w(F) using to formula (3):

      …………………………(3)                                                                                            
Where: 
c₂is the molar concentration of lanthanum standard solution(4.2.13),expressed in moles per liter(mol/L);  
V₅is the volume of the lanthanum standard solution(4.2.13)added,expressed in milliliters(mL);  
c₁is the molar concentration of EDTA standard solution(4.2.12),expressed in moles per liter(mol/L);  
V6 is the volume of EDTA standard titration solution(4.2.12)consumed for titrating, expressed in milliliters(mL);  
3 is the complexation coefficient of lanthanum with fluorine;  
19.00 is the molar mass of fluorine,expressed in grams per mole(g/mol);  
m₁is the sample(4.5.1)quality,expressed in grams(g).  
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 rounded conforming to 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 determined the content of fluorine 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 should not exceed the repeatability limit(r),and the occurrence of exceeding the repeatability limit(r) should not exceed 5 %. The repeatability limit(r) is determined using linear interpolation or extrapolation based on the data in Table 2.
Table 2 Repeatability Limits (r) of method 1
	Mass fraction
%
	Repeatability limit (r)
%

	1.94
	0.17

	4.63
	0.23

	9.94
	0.29

	14.48
	0.31

	19.00
	0.33

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


4.7.3　Reproducibility
Under reproducibility conditions,the absolute difference between two independent test results should not exceed the reproducibility limit(R),and the occurrence of exceeding the reproducibility limit(R) should not exceed 5 %.The reproducibility limit(R)is determined by linear interpolation or extrapolation based on the data in Table 3.
Table 3 Reproducibility limit (R) of method 1
	Mass fraction
%
	Reproducibility(R)
%

	1.94
	0.22

	4.63
	0.30

	9.94
	0.38

	14.48
	0.46

	19.00
	0.48

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


5　Alizarin spectrophotometry (method 2)
5.1　Theory
The sample was decomposed by perchloric acid at 130 ℃ - 140 ℃,during which the fluorine is separated from the sample with water vapor.The phenolphthalein acted as an indicator.The distillate was adjusted to colorless by sodium hydroxide and hydrochloric acid.Used acetone as stabilizer and alizarin complexone(C19H15NO8)as chromogenic agent, the chromogenic reaction‌ of the solution happened in water bath.Absorbance was measured at 625 nm in a 1 cm cuvette by spectrophotometer.
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 Perchloric acid(ρ= 1. 67 g/mL).
5.2.2 Acetone.
5.2.3 Hydrochloric acid(1+1).
5.2.4 Hydrochloric acid(1+4).
5.2.5 Ammonia(1+1).
5.2.6 Sodium hydroxide solution(400 g/L).
5.2.7 Lanthanum chloride solution, c(LaCl3 )≈0. 040 mol/L:Weigh 3.26 g Lanthanum oxide [w (REO) ≥99.5% ,w (La2O3/REO) >99. 9%]into a 250 mL volumetric beaker.Add a small amount of water and 10 mL hydrochloric acid (5.2.3).Heat at low temperature until complete dissolution.Transfer the solution to a 500 mL volumetric volumetric flask,dilute to the mark with water and mix thoroughly.The pH value of the solution was 1.5 - 2.0.
5.2.8 Acetate-sodium acetate buffer solution:Weigh 120 g sodium acetate into a 500 mL volumetric beaker,dissolve in water,dilute to 2500 mL,add 30 mL glacial acetic acid,dilute to volume with water and mix thoroughly.
5.2.9 Alizarin complexone chromogenic solution:Weigh 0.0480 g alizarin complexone into a 250 mL volumetric beaker,dissolve with 1 mL ammonia solution (5.2.5).Sequentially add 125mL acetone(5.2.2),5.00 mL lanthanum chloride solution(5.2.7)and 50 mL acetate-sodium acetate buffer(5.2.8).Transfer to a 250 mL volumetric flask,dilute to the mark with water and mix thoroughly.
5.2.10 Fluorine standard storage solution：Weigh 2.2100 g sodium fluoride[GR, w(NaF)>99.95%]in 250 mL volumetric plastic beaker,dissolve it in appropriate amount of water and transfer the solution to 1000 mL volumetric flask,dilute to the mark with water and mix thoroughly.Immediately transfer to a dry plastic bottle for storage.This solution contains 1.00 mg fluorine per 1 mL.
5.2.11 Fluorine standard solution A:Accurately remove 10.00 mL of fluorine standard storage solution(5.2.10)in 100 mL volumetric flask,dilute to the mark with water and mix thoroughly.Immediately transfer to a dry plastic bottle for storage.This solution contains 100 μg fluorine per 1 mL.
5.2.12 Fluorine standard solution B:Accurately remove 5.00 mL of fluorine standard solution(5.2.11)in 100 mL volumetric flask,dilute to the mark with water and mix thoroughly.Immediately transfer to a dry plastic bottle for storage.This solution contains 5 μg fluorine per 1 mL.
5.2.13 Phenolphthalein indicator solution(5 g/L).
5.3　Apparatus
5.3.1 Visible spectrophotometer or UV-Vis spectrophotometer
Under the optimal working conditions,the visible spectrophotometer and UV-Vis spectrophotometer can be used when they conform to the following conditions.
—The spectral bandwidth at 700nm wavelength is no more than 6 nm,and the wavelength measurement is accurate to ±1 nm;
—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 JJG 178.
5.3.2 Steam distillation unit, see Figure 1.
5.4　Sample
5.4.1 The particle size of the sample should not exceed 0.074 mm. 
5.4.2 The sample is baked in oven 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 0.10 g sample(6.4)accurate to 0.0001 g.
5.5.2　Parallel test
Take parallel test portions for determination and calculate the mean result.
5.5.3　Blank test
Carry out a blank test along with the sample.
5.5.4　Determination
5.5.4.1 Introduce the test portion(5.5.1)into distillation flask.Rinse the flask wall with a small amount of water to ensure complete sample transfer.Add 20 mL perchloric acid (5.2.1)and seal the flask with a rubber plug equipped with a thermometer and glass conduit.Connect the distillation flask to the steam distillation apparatus(see Figure 1).Turn on cooling water and steam.Maintain temperature between 130 ℃ and 140 ℃.Collect distillate(4 mL/min - 6 mL/min)in a receiver with 10 mL water until 180 mL is obtain.Adjust acidity of the distillate with sodium hydroxide solution (5.2.6),hydrochloric acid(5.2.3)and hydrochloric acid(5.2.4)to change the solution from red to colorless,during which phenolphthalein indicator solution(5.2.13) is  indicator.Transfer to a 250 mL volumetric flask,dilute to the mark with water and mix thoroughly.
5.5.4.2 Transfer appropriate volume of the solution(5.5.4.1)referring Table 4 into a 25 mL volumetric colorimetric tube.Add 5 mL alizarin complexone chromogenic solution(5.2.9) and 5 mL acetone(5.2.2).Dilute  to the mark with water and mix thoroughly. Keep the chromogenic solution in water bath for 30 minutes,the temperature of which is 40 ℃ ± 5 ℃.Detect the absorbance of solution at a wavelength of 625 nm using a 1 cm cuvette on a spectrophotometer with reagent blank(5.5.3)as the reference.Find the corresponding amount of fluorine from the standard curve.
Table 4 The volume of the test solution transferred of method 2
	Mass fluorine 
%
	Volume of the test solution transferred
(5. 5. 4. 1)
mL

	0. 10 - 0. 40
	10. 00

	>0. 40 - 0. 90
	5. 00

	>0. 90 - 2. 0
	2. 00


5.5.5　Plotting of the working curve
Accurately transfer 0 mL,0.50 mL,1.00 mL,1.50 mL,2.00 mL,3.00 mL,and 4.00 mL fluorine standard solution B(5.2.12)into seven 25 mL volumetric colorimetric tubes,respectively. Add 5 mL alizarin complexone chromogenic solution(5.2.9)and 5 mL acetone(5.2.2)to each tube.Dilute to the mark with water and mix thoroughly.Keep the chromogenic solution in water bath for 30 minutes,the temperature of which is 40 ℃ ± 5 ℃.Detect the absorbance of solution at a wavelength of 625 nm using a 1 cm cuvette on a spectrophotometer with reagent blank(5.5.3)as the reference.Plot the working curve with the mass concentration of fluorine as the horizontal-axis and the corresponding absorbance as the vertical-axis.
5.6　Test data Processing
The fluorine content is calculated as mass fraction w(F) using to formula (4):

       …………………………(4) 
Where: 
m3 is the mass found from the standard curve of fluorine in the test solution,expressed in micrograms(μg);
m2 is the mass found from the standard curve of fluorine in the blank solution,expressed in micrograms(μg);
V8 is the volume of analytical solution,expressed in milliliter(mL);
m4 is sample quality, expressed in gram(g);
V7 is the volume of  transferring sample solution,expressed in milliliter(mL).
The absolute difference between two parallel determinations should not exceed the repeatability limit (r) specified in Table 5.The average value is reported as the final result.Results are retained to two decimal places and rounded conforming to the provisions of GB/T 8170.
5.7　Precision
5.7.1　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 determined the content of fluorine under repeatability conditions,with 11 determinations for each level.The experimental data were statistically analyzed according to GB/T 6379.2.
5.7.2　Repeatability
Under repeatability conditions,the absolute difference between two independent test results should not exceed the repeatability limit (r),and the occurrence of exceeding the repeatability limit(r)should not exceed 5 %.The repeatability limit(r)is determined using linear interpolation or extrapolation based on the data in Table 5.
Table 5 Repeatability Limits (r) of method 2
	Mass fluorine 
%
	repeatability limit (r)
%

	0. 12
	0.03

	0. 51
	0.05

	1. 00
	0.07

	1. 48
	0.08

	2. 10
	0.18

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


5.7.3　Reproducibility
Under reproducibility conditions,the absolute difference between two independent test results should not exceed the reproducibility limit(R),and the occurrence of exceeding the reproducibility limit (R) should not exceed 5 %.The reproducibility limit(R)is determined by linear interpolation or extrapolation based on the data in Table 6.
Table 6 Reproducibility limit (R) of method 2
	Mass fluorine 
%
	reproducibility limit (R)
%

	0. 12
	0.03

	0. 51
	0.05

	1. 00
	0.10

	1. 48
	0.11

	2. 10
	0.20

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


6　Fluorine ion selective electrode method  (method 3)
6.1　Theory
The sample was decomposed by alkali in high temperature. In water,rare earths,iron and other substances form precipitates and separate with fluorine.Total ionic strength buffer solution was added in sample solution,the pH value of which was about 5.5.The solution equilibrium potential value was detected by fluorine ion selective electrode method.Then fluorine content was calculated.
6.2　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.
6.2.1　Sodium carbonate anhydrous.
6.2.2　Sodium peroxide.
6.2.3　Hydrochloric acid(ρ=1.19 g/mL).
6.2.4　Hydrochloric acid(1+1).
6.2.5　Hydrochloric acid(1+5).
6.2.6　Sodium hydroxide solution(40 g/L).
6.2.7　Total ionic strength buffer solution(TISBA):Weigh 26 g citric acid and 294 g sodium citrate in 1000 mL volumetric beaker,dissolve them in 800 mL water and transfer the solution to 1000mL volumetric flask,dilute to the mark with water and mix thoroughly.Immediately transfer TISBA to a plastic bottle for storage.
6.2.8　Fluorine standard storage solution:Weigh 2.2100 g sodium fluoride[GR, w(NaF)>99.95%, dry at 105 ℃ for 1 hour before use]in 250 mL volumetric plastic beaker,dissolve it in water and transfer the solution to 1000 mL volumetric flask,dilute to the mark with water and mix thoroughly.Immediately transfer the solution to a dry plastic bottle for storage.This solution contains 1.00 mg fluorine per 1 mL.
6.2.9　Fluorine standard solution C:Accurately transfer 10.00 mL of fluorine standard storage solution(6.2.8)in 100 mL volumetric flask,dilute to the mark with water and mix thoroughly.Immediately transfer the solution to a dry plastic bottle for storage.This solution contains 100 μg fluorine per 1 mL.
6.2.10　Fluorine standard solution D:Accurately transfer 10.00 mL of fluorine standard solution(6.2.9)in 100 mL volumetric flask,dilute to the mark with water and mix thoroughly.Immediately transfer the solution to a dry plastic bottle for storage.This solution contains 10 μg fluorine per 1 mL.
6.2.11　Fluorine standard solution E:Accurately transfer 10.00 mL of fluorine standard solution(6.2.10)in 100 mL volumetric flask,dilute to the mark with water and mix thoroughly.Immediately transfer the solution to a dry plastic bottle for storage.This solution contains 10 μg fluorine per 1 mL.
6.2.12　Bromocresol green indicator(1 g/L):Weigh 0.1 g bromocresol green and dissolve in 20 mL alcohol,dilute to 100 mL with water and mix thoroughly.
[bookmark: _Hlk144502448]6.3　Apparatus
[bookmark: _Hlk146289710][bookmark: _Hlk145630253]6.3.1　Potentiometer: Precision 0.1 mV.
6.3.2　Fluorine ion selective electrode:The limit of detection of fluorine is no more than 2.5×10-4 mg/mL.The electrode should soak for 1 h in sodium fluoride solution,the concentration of which is 1×10-3 mol/L.And then wash with water until the electrode potential value does not exceed -370 mV before measurement.
6.3.3　Saturated calomel electrode.
6.3.4　Combination fluoride electrode:Fluorine ion selective electrode(6.3.2)and saturated calomel electrode(6.3.3)can be replaced by combination fluoride electrode.Add filling solution by fill hole before using the electrode.The filling solution level should be at least 2.5 cm above the level of sample in the breaker.The fill hole must always be open when taking measurement.For storage between measurements and up to one week,store the electrode in a 4 mol/L potassium chloride solution with fluoride.For storage longer than one week,drain the electrode,flush the chamber with deionized water and store the electrode dry with the protective shipping cap covering the sensing element.
6.4　Sample
[bookmark: _Hlk146290096]6.4.1　The particle size of the sample should not exceed 0.074 mm.
6.4.2　The sample is baked in oven at 105 ℃ to 110 ℃ for 2 hours,then placed in a desiccator and cooled to room temperature.
6.5　Test Procedures
6.5.1　Test portion
Weigh 0.10 g sample(6.4)accurate to 0.0001 g.
6.5.2　Parallel test
[bookmark: _Hlk144507573]Take parallel test portions for determination and calculate the mean result.
6.5.3　Blank test
Carry out a blank test along with the sample.
6.5.4　Preparation and determination of analytical solution 
[bookmark: _Hlk146291753]6.5.4.1　Introduce the test portion(6.5.1)into a 30 mL volumetric nickel crucible which has been added 2.0 g sodium carbonate anhydrous(6.2.1)and 1 g sodium peroxide(6.2.2).Then cover 1 g sodium peroxide(6.2.2)and 2.0 g sodium carbonate anhydrous(6.2.1).Heat on an electric stove to remove moisture of sodium carbonate anhydrous(6.2.1)and sodium peroxide (6.2.2).Close the crucible lid.Melt the sample in  a muffle furnace at 650 ℃ until it turns red and keep it for 10 minutes (shake it once during the process),then take it out and cool.Take the fusant into a polytetrafluoroethylene beaker containing 100 mL of hot water,wash the crucible and its lid with deionized water and hydrochloric acid(6.2.4).Heat and boil the solution.After cooling,transfer to a 250 mL volumetric flask,dilute to the mark with water and mix thoroughly.Filtrate with Medium speed filter paper.
6.5.4.2　Transfer appropriate volume of the filtrate(6.5.4.1)referring Table 7 into a 50 mL volumetric flask.Rinse the flask with a little of water and add a drop of  bromocresol green indicator(6.2.12).Adjust the solution to a blue-green color with hydrochloric acid(6.2.5)and sodium hydroxide solution(6.2.6).Add 15 mL TISBA(6.2.7)in the flask,dilute to the mark with water and mix thoroughly.Pour the solution into a 50 mL dry plastic beaker,add the magnetic stirring rotor,place it on the electromagnetic stirrer,start the stirrer.Insert the fluoride ion-selective electrode(6.3.2)and the saturated calomel electrode(6.3.3)into the test solution [the fluoride ion-composite electrode(6.3.4)can be used to replace the fluoride ion selective electrode(6.3.2)and the saturated calomel electrode(6.3.3)].When the readings stabilize and the electrode potential changes no more than 0.2 mV/min,read the potential value.Find the corresponding amount of fluorine from the working curve.
Table 7  The volume of the test solution transferred of method 3
	Mass fraction
%
	 Volume of the test solution transferred（6.5.4.1）
mL

	0.10~0.50
	20.00

	＞0.50~1.00
	10.00

	＞1.00~10.00
	5.00

	＞10.00~20.00
	2.00


6.5.5　Plotting of the working curve
6.5.5.1　Curve 1:Accurately transfer 5.00 mL fluorine standard solution E(6.2.11)and 1.00 mL,2.00 mL,3.00 mL,4.00 mL,5.00 mL fluorine standard solution D(6.2.10)into six 50 mL volumetric flasks,respectively.Transfer the blank solution(6.5.3)of the same volume as the test solution(6.5.4.1)into six flasks.Carry out determination simultaneously with the test solution from low concentration to high concentration of  fluorine.
6.5.5.2　Curve 2: Accurately transfer 0.50 mL,1.00 mL,2.00 mL,3.00 mL,4.00 mL,5.00 mL fluorine standard solution C(6.2.9)into six 50 mL volumetric flasks,respectively.Transfer the blank solution(6.5.3)of the same volume as the test solution(6.5.4.1)into six flasks as  specified in the Table 7.Carry out determination simultaneously with the test solution from low concentration to high concentration of  fluorine.
6.5.5.3　Plot the standard curve with the logarithm of fluorine content as the horizontal-axis and the corresponding potential value as the vertical-axis.
6.6　Test data Processing
[bookmark: _Hlk146291425][bookmark: _Hlk146291085]The fluorine content is calculated as mass fraction w(F) using to formula  (5):

          …………………（5）
Where: 
m5 is the mass found from the working curve of fluorine in the test solution,expressed in micrograms(μg);
V10 is the volume of sample solution,expressed in milliliter(mL);
m6 is the sample quality,expressed in gram(g);
V9 is the volume of transferring sample solution,expressed in milliliter(mL).
The absolute difference between two parallel determinations should not exceed the repeatability limit(r)specified in Table 8.The average value is reported as the final result.Results are retained to two decimal places and rounded conforming to the provisions of GB/T 8170.
6.7　Precision
6.7.1　Precision raw data and statistics
The precision data were based on the collaborative trial statistics and calculations from six laboratories in 2024, using six different levels of samples.Each laboratory independently determined the content of fluorine under repeatability conditions,with 11 determinations for each level.The experimental data were statistically analyzed according to GB/T 6379.2.
6.7.2　Repeatability
Under repeatability conditions,the absolute difference between two independent test results should not exceed the repeatability limit(r),and the occurrence of exceeding the repeatability limit(r) should not exceed 5 %. The repeatability limit(r) is determined using linear interpolation or extrapolation based on the data in Table 8.
Table 8 Repeatability Limits (r) of method 3
	Mass fraction
%
	Repeatability limit (r)
%

	0.11
	0.02

	1.01
	0.10

	4.47
	0.26

	8.27
	0.35

	10.25
	0.38

	19.48
	0.43

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


6.7.3　Reproducibility
Under reproducibility conditions,the absolute difference between two independent test results should not exceed the reproducibility limit(R), and the occurrence of exceeding the reproducibility limit(R) should not exceed 5 %.The reproducibility limit(R) is determined by linear interpolation or extrapolation based on the data in Table 9.
Table 9 Reproducibility limit (R) of method 3
	Mass fraction
%
	Reproducibility(R)
%

	0.11
	0.05

	1.01
	0.11

	4.47
	0.30

	8.27
	0.41

	10.25
	0.47

	19.48
	0.68

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