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Foreword

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 GB/T 1.1-2020 Directives for Standardization — Part 1: Rules for the Structure and Drafting of Standardizing Documents.

This documents forms the Part 12 of Chemical Analysis Methods for Non-rare Earth Impurity of Rare Earth Metals and Their Oxides. GB/T 12690 comprises the following published 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 —
Kslium 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 — Molybdenum Blue Spectrophotometric Method;
— Part 11: Determination of Magnesium Content — Flame Atomic Absorption Spectrometric Method;

— Part 12: Determination of Thorium Content — Arsenazo III Spectrophotometric Method and Inductively Coupled Plasma Mass Spectrum Method

— Part 13: Determination of Molybdenum and Tungsten Contents — Inductively Coupled Plasma Atomic Emission Spectrometry;

— Part 14: Determination of Titanium Content;

— 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;

This Part substitutes for GB/T 12690.12-2003 Chemical Analysis Methods for Non-rare Earth Impurity of Rare Earth Metals and Their Oxides — Part 12: Determination of Thorium Content — Arsenazo III Spectrophotometric Method and Inductively Coupled Plasma Mass Spectrum Method.

Compared with GB/T 12690.12-2003, in addition to editorial modifications, the Part mainly undergoes the technical modifications as follows:

a) Method 1: Arsenazo III Spectrophotometric Method has been deleted;

b) The determination range of Method 2 has been changed, with the determination range of thorium content changing from “0.0001% ~ 0.010%” to “0.00005% ~ 0.020%”; the determination range of uranium content “0.00005% ~ 0.020%” has been added (See Chapter 1, and Chapter 10 in 2003 version);

c) “Normative Quotations and References” and “Terms and Definitions” have been added (See Chapters 2 and 3);

d) The specifications of both reagents and water usage have been added to the analysis (See Chapter 5);

e）The specific requirements of the instrument and equipment were changed from "the mass resolution is not less than (0.8±0.1) Nor" to "the calibration items and technical indicators of the quadrupole plasma mass spectrometer should meet the requirements of JJF 1159;" (See Chapter 6, and Chapter 13 in 2003 version)

f) The pretreatment conditions for samples have been changed from “Firing at 900℃ for 1 hour” to “Drying at 105℃ for 1 hour” (See Clause 7.1, and the Clause 14.1 in 2003 version);

g) The sample weight for pretreatment has been changed from 0.5000 g to 0.2500 g (See Clause 8.1, and the Clause 15.2 in 2003 version);

h）Changed the formulation of series standard solution from "4 series concentration points" to "7 series concentration points" (See 8.4, and 15.3 in 2003 version);
i）The preparation of the analytical solution has been changed to list the dissolution method of cerium dioxide separately (See 8.5, and 15.2 in 2003 version);
j) The drawing of standard curves has been added (See 8.6.1);
k) The calculation formula of experimental data processing was changed, and the original two formulas were merged into one formula; The requirement for representation of results has been added (See chapter 9, and chapter 16 in 2003 version);
l) Quality assurance and control has been deleted (See Chapter 18 in 2003 version).

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 the SAC/TC 229 China Rare Earth Standardization Technical Committee.
This document was initially issued in 1990 and first revised in 2003; this marks its second revision.

Chemical analysis methods for non-rare earth impurities of rare earth metals and their oxides—Part 12: Determination of thorium and uranium contents—Inductively coupled plasma mass spectrum method

Caution — Laboratories applying this document shall be equipped with lead drum for sample storage. This document have not specified all of those possible safety hazards. The users shall take the responsibility for the appropriate safety and health measures, and the guarantee for compliance with the conditions stipulated in the relevant national laws and regulations.
1  Scope

This document specifies a method for determination of thorium and uranium contents in rare earth metals and their oxides.

This document is applicable to the determination of thorium and uranium contents in rare earth metals and their oxides. Determination range (Mass fraction):Thorium content: 0.000 05% ~ 0.020%; uranium content: 0.000 05% ~ 0.020%.
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.
JJG 1159 Calibration Specification for Quadrupole Inductively Coupled Plasma Mass Spectrometers.
3  Terms and Definitions

No term or definition needs to be defined in this document .
4  Principle

After decomposed by nitric acid,  the sample is determined directly by mass spectrometry using argon plasma as ion source in the dilute nitric acid medium. The factors, such as instrument drift and matrix effect, affecting the determination are corrected by internal standard method.

5  Reagents and materials 

Unless otherwise declare, the reagents used in this document are analytical reagents and above, and secondary water used in this document is specified in laboratory GB/T 6682.

All of the liquid reagents shall be stored in plastic bottles, and certified standard solutions shall be adopted first.
5.1 Hydrogen peroxide [w(H2O2) ≥ 30%].
5.2 Hydrofluoric acid (1+9). 
5.3 Nitric acid (1+1).
5.4 Nitric acid (2+98).

5.5 Standard thorium solution (ρ = 1000 µg / mL): Certified standard solution.

5.6 Standard uranium solution (ρ = 1000 µg / mL): Certified standard solution.

5.7 Internal standard stored cesium solution (ρ = 100 µg/mL): Accurately weigh 0.1267 g of cesium chloride that has been dried at 110℃ and cooled to ambient temperature in a dryer; place the sample into a 100-mL beaker, add 10 mL of nitric acid (5.3), heat the solution at a low temperature until the sample is completely dissolved, and then cool it down. Transfer the solution into a 1000-mL volumetric flask, dilute the solution to scale with water, and mix it well. Each milliliter of this solution contains 100 µg of cesium.

5.8 Internal standard stored indium solution (ρ = 100 µg/mL): Accurately weigh 0.1000 g of metal indium [w(In) ≥ 99.9%]; place the sample into a 100-mL beaker, add 10 mL of nitric acid (5.3), heat the solution at a low temperature until the sample is completely dissolved, and then cool it down. Transfer the solution into a 1000-mL volumetric flask, dilute the solution to scale with water, and mix it well. Each milliliter of this solution contains 100 µg of indium.

5.9 Standard thorium and uranium mixing solution (ρ= 1 µg/mL): Remove 1 mL of standard thorium and uranium solutions (5.5 ~ 5.6), respectively, into a 100-mL volumetric flask, add 10 mL of nitric acid (5.3) into the flask, dilute the solution with water to the scale, and mix it well.Gradually dilute the solution and mix it well.

5.10 Standard indium and cesium mixing solution (ρ= 10 µg/mL): Remove 10 mL of standard stored thorium and uranium solutions (5.7 ~ 5.8), respectively, into a 100-mL volumetric flask, add 10 mL of nitric acid (5.3) into the flask, dilute the solution with water to the scale, and mix it well.

5.11 Argon (Volume fraction ≥ 99.99%).
6  Apparatus

Inductively coupled plasma mass spectrometers.
Under the optimal work conditions, all of the instruments that can fulfill the following indicators can apply:

— The calibration items and the technical specifications stipulated in JJF 1159 for quadrupole inductively couple plasma mass spectrometers.
— Refer to Table 1 for the isotopic mass numbers of the measured elements.

Table 1. Isotopic Mass Numbers of the Measured Elements

	Element
	Mass Number
	Element
	Mass Number

	Th
	232
	Cs
	133

	U
	238
	In
	115


7  Sample

7.1 The oxide sample is dried in an oven at 105℃ for 1 hour, cooled to room temperature in a desiccator. Weigh the sample immediately.

7.2 The surface oxide layer shall be removed from the metal sample. Weigh the metal sample immediately upon sampling.

8  Procedure

8.1 Test portion
Weigh 0.25 g of the sample (7), accurate to 0.0001 g.

8.2 Parallel test

Conduct two tests in parallel.
8.3 Blank test

Conduct a blank test along with test materials.
8.4 Preparation for standard solution series

Accurately transfer 0 mL, 0.20 mL, 0.50 mL, 1.00 mL, 2.00 mL, 5.00 mL and 10.00 mL of standard thorium and uranium mixing solution (5.9) into 7 100-mL volumetric flasks, respectively; add 1 mL of internal standard indium and cesium mixing solution (5.10) into the those flasks, respectively; adjust the volume with nitric acid (5.4) to the scale, and mix them well. Wait for test. The concentrations of the standard solution series are displayed in Table 2.
Table 2. Preparation for Standard Solution Series
                                                                       In ng/mL
	Standard Solution Number
	1
	2
	3
	4
	5
	6
	7

	Th, U
	0
	2.00
	5.00
	10.00
	20.00
	50.00
	100.00

	In, Cs
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00


Attention:If adding internal standard solution on line, standard indium and cesium mixing solution (5.10) shall not be added during the preparation for standard solution series.
8.5 Preparation for analytical test solution

8.5.1 Place test portion (8.1) except cerium dioxide in a 100-mL beaker, add 10 mL of nitric acid (5.3), heat at a low temperature until completely dissolved. Cool the solution to the room temperature, transfer it into a 100-mL volumetric flask, adjust the volume with water to the scale, and mix them well.
8.5.2 Place the test portion of cerium dioxide (8.1) into a 100-mL beaker, add 10 mL of nitric acid (5.3), drop 0.5 mL of hydrogen peroxide (5.1), and heat at a low temperature until completely dissolved. Cool the solution to the room temperature, transfer it into a 100-mL volumetric flask, adjust the volume with water to the scale, and mix them well.
8.5.3 Transform 10 mL of test solution (8.5.1 and 8.5.2) into a 50-mL volumetric flask, add 0.5 mL of standard indium and cesium mixing solution (5.10), adjust the volume with nitric acid (5.4) to the scale, and mix it well. Wait for test.
Attention: :If adding internal standard solution on line, standard indium and cesium mixing solution (5.10) shall not be added during the preparation for standard solution series.
8.6 Determination

8.6.1 Standard curve drawing
After the inductively coupled plasma mass spectrometer operated stably, the ion current signal intensities of test elements and internal standard elements in the standard solution series(8.4) are measured at the mass numbers of those elements under the selected instrument work conditions. A standard curve is drawn with the mass concentrations of test elements in the standard solution series(8.4) as the horizontal coordinate and the ratios of the ion current signal intensities between test elements and internal standard elements as the vertical coordinate. The correlation coefficient of the standard curve concerning each element shall exceed 0.9995; otherwise, the standardization procedure shall be performed again, or the standard solution series shall be prepared again for standardization.
8.6.2 Determination of both analytical test solution and blank test solution
After the standard curve (8.6.1) meets the determination requirements, the ion current signal intensities of the test elements in the analytical test solution and the blank test solution are measure immediately. The instrument automatically processs the data according to the standard curve (8.6.1), calculates and outputs each element content.
Attention::If adding internal standard solution on line, the concentration of internal standard indium and cesium mixing solution for the on-line determination solution shall control to 100 ng/mL according to the addition ratio of the device.
9  Test data processing

The mass fraction of the test element can be calculated according to formula (1):
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………………… (1)
Where,

wx is he mass fraction of the test element x, in percentage (%).
k is the conversion coefficient, when expressed in elemental form, k=1; when expressed in oxide form, the conversion coefficients of each element oxide and its elemental form are shown in Table 3.
ρ1 is the mass concentration of elements to be measured in the analytical test solution (8.5), in nanograms per milliliter (ng/mL);
ρ0 is the mass concentration of elements to be measured in the blank test solution (8.3), in nanograms per milliliter (ng/mL);
V2 is the volume of test solution to be tested, in milliliter (mL);
V0 is the total volume of test solution, in milliliter (mL);
m is the mass of test material, in gram (g);
V1 is the volume of test solution taken separately, in milliliter (mL).
Table 3. Conversion Coefficients of Each Elemental Form and Their Oxides
	Elements
	Thorium
	Uranium

	k
	1.1379
	1.1793


When the absolute difference between the two parallel measurement results is not greater than the corresponding repeatability limit in Table 4, the average value is taken as the measurement result; two significant digits are reserved for the obtained result, and rounding-off shall be performed in accordance with GB/T 8170.
10  Precision

10.1  Repeatability

The absolute difference of the determined values obtained from two independent determinations under the repeatability conditions is not greater than the repeatability limits (r)，which is in the range of the following average values in Table 1, The cases that the absolute difference is greater than the repeatability limits (r) are less than 5%.The repeatability limit (r) is calculated by linear interpolation method or epitaxial method on the basis of the data listed in Table 1.

Table 4 Repeatability Limit (r)

	The test element 
	Content/%
	Repeatability limit (r)/%

	Th
	0.000 10
	0.000 01

	
	0.000 46
	0.000 03

	
	0.001 3
	0.000 1

	
	0.004 1
	0.000 3

	
	0.005 9
	0.000 3

	
	0.012
	0.001

	
	0.017
	0.001

	U
	0.000 10
	0.000 01

	
	0.000 35
	0.000 02

	
	0.000 58
	0.000 06

	
	0.002 2
	0.000 1

	
	0.004 3
	0.000 3

	
	0.006 4
	0.000 5

	
	0.017
	0.001

	Note 1：The repeatability limit (r) is 2.8×Sr，Where Sr  is the standard devialition of repeatability .
Note 2：The repeatability limits of thorium dioxide and uranium octaoxide in rare earth oxides can be referred to the results of the repeatability limits of thorium and uranium.


10.2  Reproducibility

The absolute difference of the determined values obtained from two independent determinations under the reproducibility conditions is not greater than the reproducibility limits (R)，which is in the range of the following average values in Table 2, The cases that the absolute difference is greater than the reproducibility limits (R) are less than 5%.The reproducibility limit (R) is calculated by linear interpolation method or epitaxial method on the basis of the data listed in Table 5.

Table 5 Reproducibility Limit (R)

	The test element 
	Content /%
	Reproducibility limit (R)/%

	Th
	0.000 10
	0.000 02

	
	0.000 46
	0.000 04

	
	0.001 3
	0.000 3

	
	0.004 1
	0.000 5

	
	0.005 9
	0.000 5

	
	0.012
	0.002

	
	0.017
	0.002

	U
	0.000 10
	0.000 02

	
	0.000 35
	0.000 07

	
	0.000 58
	0.000 10

	
	0.002 2
	0.000 2

	
	0.004 3
	0.000 6

	
	0.006 4
	0.000 7

	
	0.017
	0.002

	Note 1： The reproducibility limit (R) is 2.8×SR，Where SR is the standard devialition of reproducibility.

Note 2： The reproducibility limits of thorium dioxide and uranium octaoxide in rare earth oxides can be referred to the results of the repeatability limits of thorium and uranium.
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