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                                                                        GB/T 20975.25—2020
                                                              Replace GB/T 20975.25-2008
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Foreword

SAC/TC 243 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.

The GB/T 20975 Methods for chemical analysis of aluminium and aluminium alloys consists of the following 37 parts under the general title:

——Part 1: Determination of mercury content

——Part 2: Determination of arsenic content 

——Part 3: Determination of copper content

——Part 4: Determination of iron content

——Part 5: Determination of silicon content

——Part 6: Determination of cadmium content

——Part 7: Determination of manganese content

——Part 8: Determination of zinc content

——Part 9: Determination of lithium content   Flame atomic absorption spectrometry,

——Part 10: Determination of tin content

——Part 11: Determination of lead content

——Part 12: Determination of titanium content,

——Part 13: Determination of vanadium content

——Part 14: Determination of nickel content,

——Part 15: Determination of boron content,

——Part 16: Determination of magnesium content,

——Part 17: Determination of strontium content

——Part 18: Determination of chromium content,

——Part 19: Determination of zirconium content

——Part 20: Determination of gallium content   Butyl rhodamine B spectrophotometry

——Part 21: Determination of calcium content

——Part 22: Determination of beryllium content

——Part 23: Determination of antimony content

——Part 24: Determination of total rare earth content,

——Part 25: Determination of elements content   Inductively coupled plasma atomic emission spectrometric method 

——Part 26: Determination of carbon content   Infrared absorption method

——Part 27: Determination of cerium, lanthanum, scandium   Inductively coupled plasma atomic emission spectrometry method

——Part 28: Determination of cobalt content   Flame atomic absorption spectrometry

——Part 29: Determination of molybdenum content   Thiocyanate  spectrophotometry

——Part 30: Determination of hydrogen content   Heating extraction-thermal conductivity method 

——Part 31: Determination of phosphorus content   Molybdenum blue spectrophotometry

——Part 32: Determination of bismuth content

——Part 33: Determination of potassium content   Flame atomic absorption spectrometry

——Part 34: Determination of sodium content   Flame atomic absorption spectrometry

——Part 35: Determination of tungsten content   Flame atomic absorption spectrometry

——Part 36: Determination of silver content   Flame atomic absorption spectrometry

——Part 37: Determination of niobium content

This standard is Part 25 of GB/T 20975.

This standard is drafted in accordance with the rules given in the GB/T 1.1-2009.
This standard replaces the GB/T 20975.25-2008(Methods for chemical analysis of aluminium and aluminium alloys Part 25: Inductively coupled plasma atomic emission spectrometry method) in whole. In addition to a number of editorial changes, the following technical deviations have been made with respect to the GB/T 20975.25-2008:
——Added security alerts for standard usage;

——Added 15 elements such as Ag、Ba、 Co、W、Mo、Er、K、Na、Li、Nd、Y、Yb、Hf、P、Sc .(see Clause1);

——Modified the determination of ranges of 18 elements such as  Fe、Cu、Mn、Ti、V、Sn、Zn、Zr、Ca、Bi、Cr、Ni、Cd、Be、B、Si、Sr、Sb .(see Clause1, Clause 1 of 2008 edition);

——Added normative reference files (see Clause 2);

——Added terms and definitions (see Clause 3);

——Added the analytical reagent and water requirements (see Clause 5);

——Deleted the quality assurance and control (see Clause 9 of 2008 edition).

——Added the test report(see Clause 11).

This standard was proposed by the Nonferrous Industrial Association of China.

This standard was prepared by SAC/TC 243 Chinese Norferrous Metal Technical Standardization Committee.

The previous editions of this section is as follows:

—GB/T 20975.25-2008. 

Methods for chemical analysis of aluminium and aluminium alloys  

Part 25：Determination of elements content  

Inductively coupled plasma atomic emission spectrometric method 

Warning -- People using this standard should have formal laboratory experience. This standard does not identify all possible safety issues. Users are responsible for taking appropriate safety and health measures and ensuring compliance with the conditions laid down in the relevant national legislation.
Scope

This part of GB/T 20975 specifies the inductively coupled plasma atomic emission spectrometric method for the determination of elements content in aluminum and aluminum alloys which including silicon, iron, copper, gallium, magnesium, manganese, chromium, nickel, zinc, titanium, silver, boron, bismuth, lithium, lead, tin, vanadium, zirconium, barium, beryllium, calcium, cadmium, cobalt, erbium, hafnium, indium, potassium, sodium, molybdenum, neodymium, phosphorus, antimony , scandium ,strontium tungsten, yttrium, ytterbium .

This part is applicable to the determination of silicon, iron, copper, gallium, magnesium, manganese, chromium, nickel, zinc, titanium, silver, boron, bismuth, lithium, lead, tin, vanadium, zirconium, barium, beryllium, calcium, cadmium, cobalt, erbium, hafnium, indium, potassium, sodium, molybdenum, neodymium, phosphorus, antimony, scandium, strontium tungsten, yttrium, ytterbium in aluminum and aluminum alloy. The application range of this method are listed in the Table 1.

Table 1

	Elements
	Mass concentration range wX/%
	Elements
	Mass concentration range wX/%

	Si
	0.010～13.50
	Be
	0.0001～5.00

	Fe
	0.0020～12.00
	Ca
	0.020～10.00

	  Cu
	0.0005～20.00
	Cd
	0.0020～1.00

	Ga
	0.0050～0.050
	Co
	0.0050～12.00

	Mg
	0.0010～10.00
	Er
	0.050～11.00

	Mn
	0.0010～12.00
	Hf
	0.050～0.50

	Cr
	0.0020～5.00
	In
	0.010～0.10

	Ni
	0.0020～2.50
	K
	0.0050～1.00

	Zn
	0.0010～12.00
	Na
	0.0050～0.50

	Ti
	0.0010～15.00
	Mo
	0.0050～2.00

	Ag
	0.0050～2.00
	Nd
	20.00～35.00

	B
	0.0010～12.00
	P
	0.0050～0.050

	Bi
	0.010～11.00
	Sb
	0.010～6.50

	Li
	0.0005～10.00
	Sc
	0.50～2.50

	Pb
	0.10～1.00
	Sr
	0.0005～10.00

	Sn
	0.020～2.00
	W
	0.0050～2.00

	V
	0.0010～10.00
	Y
	0.050～11.00

	Zr
	0.0020～16.00
	Yb
	10.00～15.00

	Ba
	0.0050～0.10
	
	


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 8005.2   Terms of aluminium and aluminium alloys   Part 2: Chemical analysis
GB/T 8170-2008  Rules of rounding off for numerical values ＆expression and judgement of limiting values.
Terms and definitions

The terms and definitions given in the GB/T 8005.2 applies.

Summary of test method

According to the type of alloys and the content of elements, the following methods are used to decompose the sample:

—Decompose the sample by hydrochloric acid and hydrogen peroxide;

—Decompose the sample by the mixed acid of hydrochloric acid and nitric acid;

—Decompose the sample by sodium hydroxide and hydrogen peroxide;

—Decompose the sample by the mixed acid of hydrochloric acid , nitric acid and hydrofluoric acid;

After the preparation of test solution, the solution is determined by the ICP-AES instrument. The influence of the matrix shall be calibrated by matrix-matched calibration solution. 

 Reagents

During the analysis, use only reagents of recognized analytical grade and only grade 2 water.

5.1Aluminum, (wAl≥99.999%). 

5.2 Hydrogen peroxide（ρ=1.10 g/mL）.

5.3 Hydrochloric acid（ρ=1.19 g/mL）,Guaranteed reagent.

5.4 Nitric acid（ρ=1.42 g/mL）,Guaranteed reagent.

5.5 Hydrofluoric acid（ρ=1.14 g/mL）,Guaranteed reagent.

5.6 Perchloric acid (ρ=1.76 g/mL), Guaranteed reagent.

5.7 Hydrochloric acid（1+1）.

5.8 Nitric acid（1+1）.

5.9 Mixed acid: Mix 3 part Hydrochloric acid (5.7) and 1 part Nitric acid (5.8) .

5.10 Sodium hydroxide solution（400 g/L）.

5.11Aluminum base solution（20 mg/mL）：Weigh 20.00 g of aluminum (5.1) and transfer to a 1000 mL beaker, then add 600 mL hydrochloric acid (5.7) in small portions. Cover with a watch-glass and heat gently to complete the dissolution. Add a few drops of hydrogen peroxide (5.2) and boil for a few minutes in order to decompose excess hydrogen peroxide. Cool and transfer the solution into a 1000 mL volumetric flask, dilute to the mark with water and mix.

5.12 The standard storage solution for each analytical elements: The national certified reference materials (solutions) is preferred, or see Appendix A.
5.13 Standard solution
a) Principles about preparation of multi-element standard solutions: Elements with mutual chemical interference, precipitation and mutual spectral interference should be prepared in different groups.
b) Dilute the standard storage solution (5.12) to 100 μg/mL, and maintain the same acidity as the standard storage solution (dilute when used).
c) Dilute the standard storage solution (5.12) to 10 μg/mL, and maintain the same acidity as the standard storage solution (dilute when used).

Apparatus

Inductively coupled plasma atomic emission spectrometer. The instrument shall meet the following conditions:

——The Spectrometer Chamber should has the function of pumping vacuum or driving gas to ensure the stability of the element test signal with the wavelength below 200nm.

——The resolution of the instrument is less than 0.005 nm ( at 200 nm) .

Sample

The sample shall be in the form of fine drillings, chips with maximum thickness of 1 mm.

Procedure

8.1 Test portion

According to dissolution methods, weigh the test samples (see Clause 7), to the nearest 0.0001 g , according to Table 2 and Table 3.

Table 2

	Mass concentration range wX/%
	Test portion

m0/g
	Volume of the sample solution

V1/ mL
	Volume of the fraction solution

V2/mL
	Volume of the test solution

V3/mL

	0.0001～0.05
	0.50
	100
	——
	——

	＞0.05～1.0
	0.25
	250
	——
	——

	＞1.0～10.0
	0.25
	250
	10
	100

	＞10.0～20.0
	0.25
	250
	5
	100

	＞20.0～30.0
	0.25
	500
	5
	100


Table 3

	Mass concentration range wX/%
	Test portion

m0/g
	Volume of the sample solution

V1/ mL
	Volume of the fraction solution

V2/mL
	Volume of the test solution

V3/mL

	0.01～1.0
	0.25
	250
	——
	——

	＞1.0～10.0
	0.25
	250
	10
	100

	＞10.0～30.0
	0.25
	500
	5
	100


8.2 Parallel test

Two experiments shall be done independently and calculate the mean value. 

8.3 Blank test

Weigh the same amount of aluminum (5.1) as the sample, and do a blank test with the test portion.

8.4 Preparation of the test solution

8.4.1 MethodⅠof dissolution 

8.4.1.1 This method is suitable for the determination of ferrum, copper, magnesium, manganese, gallium, titanium, vanadium, indium, tin, chromium, zinc, nickel, cadmium, beryllium, strontium, calcium, barium, potassium, sodium, cobalt, tungsten, molybdenum, erbium, lithium, phosphorus, neodymium, ytterbium, scandium in aluminum and aluminum alloy.

8.4.1.2 Place the test portion (8.1) into a 250 mL glass beaker, add 25 mL of hydrochloric acid (5.7).Cover with a watch-glass and heat gently to decompose the test portion, add a few drops of hydrogen peroxide (5.2) and boil a few minutes until the reaction is complete .Cool the solution to room temperature, transfer to a volumetric flask of the corresponding volume in Table 2. Dilute to the mark with water and mix. Dilute the test solution according to the calibration curve if necessary.

8.4.1.3 When the content of silicon is more than 0.5% , if there is insoluble residue, the test solution shall be filtered into the corresponding volumetric flask in Table 2, wash the residue with water, at least 3 times. Put the residue and filter paper into a platinum crucible . Make the filter paper to ash ,then burn the residue 5min at 800℃.Cool the residue to room temperature, add 5 mL of hydrofluoric acid (5.5) and a few drops of nitric acid(5.8) , heat gently to complete the dissolution. Add 1 mL of perchloric acid (5.6) and heat gently until the solution is dried. Cool the platinum crucible to room temperature, add 5 mL of hydrochloric acid (5.7) and heat gently in order to dissolve the residue, transfer this solution to the test solution and dilute to the mark with water and mix. Dilute the test solution according to the calibration curve if necessary.

8.4.2 Method Ⅱof dissolution

8.4.2.1 This method is suitable for the determination of ferrum, copper, magnesium, manganese, gallium, titanium, vanadium, indium, tin, lead, bismuth, antimony, chromium, zinc, nickel, cadmium, beryllium, boron, calcium, silver, barium, cobalt, lithium, molybdenum, neodymium, ytterbium, scandium in aluminum and aluminum alloy.

8.4.2.2 Place the test portion (8.1) into a 250 mL glass beaker, add 25 mL of mixed acid (5.9).Cover with a watch-glass and heat gently to decompose the test portion, boil a few minutes until the reaction is complete .Cool the solution to room temperature, transfer to a volumetric flask of the corresponding volume in Table 2. Dilute to the mark with water and mix. Dilute the test solution according to the calibration curve if necessary.

8.4.2.3 When the content of silicon is more than 0.5% , if there is insoluble residue, the test solution shall be filtered into the corresponding volumetric flask in Table 2, wash the residue with water, at least 3 times. Put the residue and filter paper into a platinum crucible , Make the filter paper to ash ,then burn the residue 5min at 800℃.Cool the residue to room temperature, add 5 mL of hydrofluoric acid (5.5) and a few drops of nitric acid(5.8) , , heat gently to complete the dissolution. Add 1mL of perchloric acid (5.6) and heat gently until the solution is dried. Cool the platinum crucible to room temperature, add 5 mL of hydrochloric acid (5.7) and heat gently in order to dissolve the residue ,transfer this solution to the test solution and dilute to the mark with water and mix. Dilute the test solution according to the calibration curve if necessary.

8.4.3 Method Ⅲ of dissolution

8.4.3.1 This method is suitable for the determination of silicon, ferrum, copper, magnesium, manganese, titanium, boron, vanadium, chromium, zinc, nickel, zirconium, strontium, tin, antimony, lead, calcium, tungsten, ytterbium, erbium, neodymium and scandium in aluminum and aluminum alloy.

8.4.3.2 Place the test portion (8.1) into a 400mL Teflon beaker, add a few water and add 6mL sodium hydroxide solution (5.10). Wait until the severe reaction is complete , heat gently to decompose the test portion. Add a few drops of hydrogen peroxide (5.2) and boil a few minutes until the reaction is complete .Gently boil the solution to near dryness. Then cool the beaker to room temperature , add 30mL water and heat gently to decompose the slimy.

8.4.3.3 Dilute the solution (8.4.3.2) with water to about 100 mL, stir while adding 25 mL nitric acid (5.8) and 25 mL hydrochloric acid (5.7), heat gently to complete dissolution (if there is a manganese dioxide brown precipitate, add anhydrous sodium sulfite solution to decompose) .Cool the solution to room temperature and transfer the solution into a 250mL volumetric flask, dilute with water to the scale and mix . Dilute the test solution according to the calibration curve if necessary.

8.4.4 Method Ⅳ of dissolution

8.4.4.1 This method is suitable for the determination of zirconium, hafnium, iron, copper, magnesium, manganese, titanium, vanadium, chromium, zinc, nickel, strontium, tin and lead in aluminium and aluminium alloys with silicon content less than 0.50% .

8.4.4.2 Place the test portion (8.1) into a 100 mL Teflon beaker, add 25 mL of mixed acid (5.9) and a few drops of hydrofluoric acid (5.5). Heat gently until the reaction is complete. Cool the solution to room temperature, transfer to a volumetric flask of the corresponding volume in Table 2. Dilute to the mark with water and mix. Dilute the test solution according to the calibration curve if necessary.

8.4.4.3 For easily hydrolyzed elements such as Ti, Sn, Zr, Sb, the test solution should maintain 10% acidity; When making low-content samples, high-purity acid and quartz subboiling distilled water should be used for easily contaminated elements such as Ca, Pb, and B.

8.5 Preparation of the calibration solutions

8.5.1 When the user choose the methodⅠof dissolution, methodⅡof dissolution or method Ⅳ of dissolution, according to the amount of aluminum in the test solution, transfer an appropriate amount of the aluminum base solution (5.11) into a series of 100 mL one-mark volumetric flasks, add an appropriate amount of the standard storage solution (5.12) or (5.13) and an appropriate hydrochloric acid or nitric acid in order to make the acidity of the calibration solution and test solution basically consistent. Dilute to the mark with water and mix. The aluminum base solution without the standard solution is used as the blank solution. The content of the elements to be measured should be within the range of the calibration curve. The number of series standard solutions is determined by the precision, generally 3 to 5.

8.5.2 When the user choose the method Ⅲ of dissolution ,according to the amount of aluminum in the test solution, weigh the appropriate amount of aluminum (5.1) and place into a serie of Teflon beaker, then follow the step 8.4.3. Add an appropriate amount of the standard storage solution (5.12) or (5.13) and an appropriate hydrochloric acid or nitric acid in order to make the acidity of the calibration solution and test solution basically consistent. Dilute to the mark with water and mix. The aluminum base solution without the standard solution is used as the blank solution. The content of the elements to be measured should be within the range of the calibration curve. The number of series standard solutions is determined by the precision, generally 3 to 5.

8.5.3 According to the brand of the sample, the corresponding standard sample (national first-class standard sample) can be selected, and a series of calibration solutions can be prepared according to the preparation method of the analytical test solution (8.4).The number of series standard solutions is determined by the precision, generally 3 to 5.

8.6 Determination

Start the inductively couple plasma optical emission spectrometer and let it stabilize before any measurement .Optimize the instrument and select appropriate wavelengths. Measure the absolute intensities of each element at the appropriate wavelengths in the series calibration solutions and calculate the mean intensities. When the linear correlation coefficient of the calibration curve is greater than or equal to 0.9995, measure the absolute intensities of each element in the test solution two times and calculate the mean intensities.

9 Expression of results

Calculate the content of each element in the sample according to Formula (1), it also can be calculated by    the computer:
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……………………………(1)
Where
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is the concentration of each element in the test solution, in μg/mL；
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0
 is the concentration of each element in the blank solution，in μg/mL；
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  is the volume of the sample solution，in mL；
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  is the volume of the fraction solution，in mL；
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  is the volume of the test solution，in mL；
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  is the mass of test portion，in g。
When the mass concentration of the elements is less than 0.001%, the results shall retain one significant digits. When the mass concentration of the elements is between 0.001% and 1.00%, the results shall retain two significant digits. When the mass concentration of the elements is more than 1.00%, the results shall retain second decimal place. Rules of rounding off for numerical values shall be in accordance with GB/T 8170-2008, subclause 3.2、3.3.

10   Precision

10.1 Repeatability

The measured values of two independent test results obtained under repeatability conditions, within the range of average values given below, The absolute difference between the two test results does not exceed the repeatability limit (r), and the case of exceeding the repeatability limit (r) does not exceed 5%, and the repeatability limit (r) is obtained by linear interpolation based on the following data.

Table 4

	wx/%
	0.0005
	0.0010
	0.0050
	0.010
	0.050
	0.10
	0.50

	r/%
	0.0001
	0.0003
	0.0006
	0.002
	0.004
	0.01
	0.03

	wx/%
	1.00
	5.00
	10.00
	15.00
	20.00
	25.00
	

	r/%
	0.05
	0.20
	0.30
	0.55
	0.75
	1.25
	


10.2 Reproducibility

The measured values of two independent test results obtained under reproducibility conditions is not greater than the reproducibility limit (R), and the case of exceeding the reproducibility limit (R) is not more than 5%. The reproducibility limit (R) is obtained by linear interpolation based on the following data.

Table 5

	wx/%
	0.0005
	0.0010
	0.0050
	0.010
	0.050
	0.10
	0.50

	R/%
	0.0002
	0.0004
	0.0007
	0.003
	0.006
	0.02
	0.04

	wx/%
	1.00
	5.00
	10.00
	15.00
	20.00
	25.00
	

	R/%
	0.08
	0.30
	0.45
	0.65
	1.00
	1.50
	


Test report
The test report shall include the following information:

the number and name of this part ;

all information necessary for the identification of the sample, the laboratory, and the date of analysis or of the test report;

the results and the form in which they are expressed;

any unusual features noted during the determination;

signature of the examiner and approver person.


Annex A

（Informative）
Preparation of standard stock solutions
A.1  Silicon standard stock solution（0.5 mg/mL）：

Weigh 1.0697 g of silicon dioxide (Spectral purity) that was previously burned to constant weight at 1000 °C in a platinum crucible, cover with a platinum watch-glass, add 5 g of a mixture of sodium carbonate and potassium carbonate (1+1), melt to transparent, and cool down. Dissolve the frit with warm water, transfer to a polyethylene beaker, dilute to 700 mL with water, transfer to a 1000 mL volumetric flask, dilute to the mark with water, and mix well. 1 mL of this solution contains 0.5 mg of silicon (stored in a polyethylene bottle).

A.2   Iron standard stock solution (1 mg/mL):

Weigh 1.0000 g of iron (ωFe≥99.99%),transfer into a 400 mL beaker, cover with a watch glass, add 40 mL hydrochloric acid, slowly heat until completely dissolve, cool, transfer the solution to a 1000 mL volumetric flask, and dilute to the mark with water, mix well. 1 mL of this solution contains 1.0 mg of iron.

A.3   Copper standard stock solution (1 mg/mL):

Weigh 1.0000 g of copper (ωCu≥99.99%), transfer into a 400 mL beaker, cover with a watch glass, add 20 mL nitric acid, slowly heat to completely dissolve, cool, transfer the solution into a 1000 mL volumetric flask, and dilute to the mark with water, mix well. 1 mL of this solution contains 1.0 mg of copper.

A.4   Manganese standard stock solution (1 mg/mL):

Weigh 1.0000 g of manganese (ωMn≥99.99%), transfer into a 400 mL beaker, cover with a watch glass, add 40 mL hydrochloric acid, slowly heat until completely dissolve, cool, transfer the solution into a 1000 mL volumetric flask, and dilute to the mark with water, mix well. 1 mL of this solution contains 1.0 mg of manganese.

A.5   Magnesium standard stock solution (1mg/mL):

Weigh 1.0000 g of magnesium (ωMg≥99.99%), transfer into a 400 mL beaker, cover with a watch glass, add 40 mL hydrochloric acid, slowly heat until completely dissolve, cool, transfer the solution into a 1000 mL volumetric flask, and dilute to the mark with water. 1 mL of this solution contains 1.0 mg of magnesium.

A.6   Nickel standard stock solution (1 mg/mL):

Weigh 1.0000 g of nickel (ωNi≥99.99%) , transfer into a 400 mL beaker, cover with a watch glass, add 40 mL of hydrochloric acid, slowly heat to completely dissolve, cool, transfer the solution into a 1000 mL volumetric flask, and dilute to the mark with water, mix well. 1mL of this solution contains 1.0 mg of nickel.

A.7   Zinc standard stock solution (1 mg/mL):

Weigh 1.0000 g zinc (ωZn≥99.99%), transfer into a 400 mL beaker, cover with a watch glass, add 40 mL hydrochloric acid, slowly heat to completely dissolve, cool, transfer the solution into a 1000 mL volumetric flask, and dilute to the mark with water, mix well. 1 mL of this solution contains 1.0 mg of zinc.

A.8   Beryllium standard stock solution (1 mg/mL):

Weigh 1.0000 g of beryllium (ωBe≥99.99%), transfer into a 400 mL beaker, cover with a watch glass, add 40mL of hydrochloric acid, slowly heat to completely dissolve, cool, transfer the solution into a 1000 mL volumetric flask, and dilute to the mark with water, mix well. 1mL of this solution contains 1.0 mg of beryllium.

A.9   Chromium standard stock solution (1mg/mL):

Weigh 2.8285 g of potassium dichromate that was previously dried at 140 °C, transfer into a 400 mL beaker, cover with a watch glass, and add 20 mL of water and 20 mL of hydrochloric acid for dissolution. Add 20 mL of hydrogen peroxide, place it for 12h to 24h until the yellow color of the solution completely disappear, slowly heat (do not boil) to decompose the excess hydrogen peroxide, cool, transfer the solution to a 1000mL volumetric flask, dilute to the mark with water, and mix. 1 mL of this solution contains 1.0 mg of chromium.

A.10   Titanium standard stock solution (1 mg/mL):

Weigh 1.0000 g of titanium (ωTi≥99.99%), transfer into a platinum crucible. After adding a little water, slowly add hydrofluoric acid to dissolve the sample, and then add nitric acid to completely oxidize the low valence titanium. Add 10mL sulfuric acid, shake well, heat and evaporate until the white fumes of sulfuric acid are emitted. After taking off and cooling, transfer the solution into a 1000mL volumetric flask, dilute to the mark with sulfuric acid (5+95), and mix well. 1 mL of this solution contains 1.0 mg of titanium.

A.11   Gallium standard stock solution (1 mg/mL):

Weigh 1.0000 g of gallium (ωGa≥99.99%), transfer into a 400mL beaker, cover with a watch glass, add 40 mL of hydrochloric acid, add a few drops of nitric acid, slowly heat until completely dissolve, cool, and transfer the solution into a 1000 mL volumetric flask, dilute to the mark with water and mix well. 1 mL of this solution contains 1.0 mg of gallium.

A.12   Vanadium standard stock solution (1 mg/mL):

Weigh 1.7850g of vanadium pentoxide (G.R) that was previously dried at 110℃ for 1h and cooled to room temperature in a desiccator, , transfer into a 300mL beaker, cover with a watch glass. Add 40mL sodium hydroxide, slowly heat until completely dissolve, add 100mL nitric acid after cooling, transfer the solution to a 1000mL volumetric flask, dilute to the mark with water, and mix well. 1 mL of this solution contains 1.0 mg of vanadium.

A.13   Cadmium standard stock solution (1mg/mL):

Weigh 1.0000 g of cadmium (ωCd≥99.99%), transfer into a 400 mL beaker, cover with a watch glass, add 10 mL of water, 30 mL of nitric acid, slowly heat to completely dissolve, cool, and transfer the solution into a 1000 mL volumetric flask. Dilute with water to the mark and mix well. 1 mL of this solution contains 1.0 mg of cadmium.

A.14   Lead standard stock solution (1 mg/mL):

Weigh 1.0000 g of lead (ωPb≥99.99%), transfer into a 300mL beaker, cover with a watch glass, add 10mL nitric acid, slowly heat to completely dissolve, boil for several minutes to remove nitrogen oxides, cool, and transfer the solution to 1000mL In a volumetric flask, dilute to the mark with water and mix well. 1 mL of this solution contains 1.0 mg of lead.

A.15   Tin standard stock solution (0.5 mg/mL):

Weigh 0.5000 g of tin (ωSn≥99.99%), transfer into a 300mL beaker, cover with a watch glass, add 50mL of hydrochloric acid, slowly heat until completely dissolve, cool, transfer the solution into a 1000mL volumetric flask, add 80 mL of hydrochloric acid and dilute to the mark with water, mix well. 1 mL of this solution contains 0.5 mg of tin.

A.16   Boron standard stock solution (1 mg/mL):

Weigh 5.7174 g of boric acid (G.R) that was dried in a vacuum desiccator, transfer into a 400mL beaker, cover with a watch glass, add 300mL of water, slightly heat to completely dissolve, cool, transfer the solution into a 1000mL volumetric flask, dilute to the mark with water and mix well. 1 mL of this solution contains 1.0 mg of boron.

A.17   Zirconium standard stock solution (1mg/mL):

Weigh 1.7664 g of zirconium oxychloride octahydrate (ZrOCl2•8H2O, G.R) , transfer into a 400mL beaker, add 100mL water and 170mL hydrochloric acid to dissolve, transfer the solution to a 500mL volumetric flask, dilute to the mark with water, and mix well. 1 mL of this solution contains 1.0 mg of zirconium.

A.18   Indium standard stock solution (1 mg/mL):

Weigh 1.0000 g of indium (ωIn≥99.99%) , transfer into a 400 mL beaker, cover with a watch glass, add 30 mL of hydrochloric acid, heat it in a water bath to completely dissolve, cool, dilute to the mark with water and mix well. 1 mL of this solution contains 1.0 mg of indium.

A.19   Strontium standard stock solution (1 mg/mL):

Weigh 3.0420 g of strontium chloride hexahydrate (SrCl2•6H2O) , transfer into a 250 mL beaker, add water to dissolve, transfer the solution to a 1000 mL volumetric flask, dilute to the mark with water, and mix well. 1 mL of this solution contains 1.0 mg of strontium.

A.20   Bismuth standard stock solution (1 mg/mL)

Weigh 1.0000 g of bismuth (ωBi≥99.99%), transfer into a 400 mL beaker, add 50 mL of nitric acid, cover with a watch glass, slowly heat to completely dissolve, cool, transfer the solution into a 1000 mL volumetric flask, and then wash the beaker with 50 mL nitric acid. The washing solution incorporate into the volumetric flask, dilute with water to the mark and mixed. 1 mL of this solution contains 1.0 mg of bismuth.

A.21   Calcium standard stock solution (1 mg/mL):

Weigh 2.4971 g of calcium carbonate (CaCO3, Reference Reagent) , transfer into a 400 mL beaker, add 20 mL of water, then dropwise add hydrochloric acid to completely dissolve, and excess 20 mL, boil to remove carbon dioxide, cool, transfer the solution into a 1000 mL volumetric flask, dilute to the mark with water and mix well. 1 mL of this solution contains 1.0 mg of calcium.

A.22   Antimony standard stock solution (1mg / mL):

Weigh 1.0000 g of antimony (ωSb≥99.99%) , transfer into a 300 mL beaker, cover with a watch glass, add 20mL to 30mL sulfuric acid, slowly heat to completely dissolve, cool, and transfer the solution to 1000 mL volumetric flask with sulfuric acid(1+4), dilute to the mark with sulfuric acid (1+4) and mix. 1 mL of this solution contains 1.0 mg of antimony.

A.23   Sodium standard stock solution (1 mg/mL):

Weigh 2.5421 g of sodium chloride (G.R) that was previously burned to constant weight at 400 °C～450°C or weigh 2.3051 g of anhydrous sodium carbonate (G.R) , transfer into a 400mL beaker, dissolve in the water, transfer the solution into a 1000 mL volumetric flask, dilute to the mark with water and mix well. 1 mL of this solution contains 1.0 mg of sodium.

A.24   Potassium standard stock solution (1mg/mL):

Weigh 1.9068 g of potassium chloric (G.R) that was previously burned to constant weight at 400 °C～450 °C , transfer into a 400 mL beaker, dissolve in the water, transfer the solution into a 1000 mL volumetric flask, dilute to the mark with water and mix well. 1 mL of this solution contains 1.0 mg of potassium.

A.25   Lithium standard stock solution (1mg/mL):

Weigh 5.3328 g of lithium carbonate (G.R) , transfer into a 400 mL beaker, add 20 mL of water, then dropwise add hydrochloric acid to completely dissolve, boil to remove carbon dioxide, cool, transfer the solution into a 1000 mL volumetric flask, dilute to the mark with water and mix well. 1 mL of this solution contains 1.0 mg of Lithium.

A.26   Silver standard stock solution (1mg / mL):

Weigh 1.0000 g of silver (ωAg≥99.99%), transfer into a 300mL beaker, cover with a watch glass, add 25mL nitric acid, slowly heat to completely dissolve, cool, and transfer the solution to 1000mL volumetric flask , dilute to the mark with water and mix well. 1 mL of this solution contains 1.0 mg of silver.

A.27   Barium standard stock solution (1mg / mL):

Weigh 1.7785 g of barium chloride (Spectral purity) , transfer into a 300mL beaker, dissolve in the boiled water, transfer the solution to 1000 mL volumetric flask with water and mix well. 1 mL of this solution contains 1.0 mg of barium.

A.28   Cobalt standard stock solution (1mg / mL):

Weigh 1.0000 g of cobalt (ωCo≥99.99%), transfer into a 300mL beaker, cover with a watch glass, add 50mL nitric acid, slowly heat to completely dissolve, cool, and transfer the solution to 1000mL volumetric flask , dilute to the mark with water and mix well. 1 mL of this solution contains 1.0 mg of cobalt.

A.29   Tungsten standard stock solution (1mg / mL):

Weigh 1.2611 g of tungsten trioxide (Spectral purity) that was previously dried at 110℃ for 1h and cooled to room temperature in a desiccator, transfer into a 300 mL beaker, cover with a watch glass, add 20 mL to 30 mL sodium hydroxide (200 g/L), slowly heat to completely dissolve, cool, and transfer the solution to 1000 mL volumetric flask with water, dilute to the mark with water and mix well. 1 mL of this solution contains 1.0 mg of tungsten.

A.30   Molybdenum standard stock solution (1mg / mL):

Weigh 1.5003 g of molybdenum trioxide (Spectral purity) , transfer into a 300mL beaker, add a few amount sodium hydroxide (200 g/L), slowly heat to completely dissolve, dilute to 50mL, then add sulfuric acid (1+1) to acidify and excess 5 mL of sulfuric acid(1+1) ,transfer the solution to 1000 mL volumetric flask with sulfuric acid, dilute to the mark with water and mix. 1 mL of this solution contains 1.0 mg of molybdenum.

A.31   Phosphorus standard stock solution (1mg / mL):

Weigh 4.2636 g of dried diammonium hydrogen phosphate (G.R) or weigh 4.3931 g of monopotassium phosphate, transfer into a 300 mL beaker, dissolve with water and transfer the solution to 1000 mL volumetric flask with water, dilute to the mark with water and mix well. 1 mL of this solution contains 1.0 mg of phosphorus.

A.32   Hafnium standard stock solution (1mg / mL):

Weigh 1.1793 g of hafnium oxide (Spectral purity) , transfer into a porcelain crucible, add 4 g potassium pyrosulfate, melt transparent at 700 °C for about 10 min～15 min, cool, then leach the frit with 100 mL hydrochloric acid (1 + 9) , heat until completely dissolve, transfer to 1000 mL volumetric flask, dilute with hydrochloric acid (1 + 9) to scale, mix well. This solution contains 1 mg of Hafnium in 1 mL.

A.33   Yttrium standard stock solution (1mg / mL):

Weigh 1.2699 g of desiccated yttrium oxide (Spectral purity) , transfer into a 300mL beaker, cover with a watch glass, dissolve in 50mL hydrochloric acid and transfer the solution to 1000mL volumetric flask with water, dilute to the mark with water and mix well. 1 mL of this solution contains 1.0 mg of yttrium.

A.34   Neodymium standard stock solution (1mg / mL):

Weigh 1.1664 g of desiccated neodymium oxide (Spectral purity), transfer into a 300 mL beaker, cover with a watch glass, dissolve in 50 mL hydrochloric acid and transfer the solution to 1000 mL volumetric flask with water, dilute to the mark with water and mix well. 1 mL of this solution contains 1.0 mg of neodymium.

A.35   Erbium standard stock solution (1mg / mL):

Weigh 1.1435 g of desiccated Erbium oxide (Spectral purity), transfer into a 300 mL beaker, cover the watch glasses, dissolve in 50 mL hydrochloric acid and transfer the solution to 1000mL volumetric flask with water, dilute to the mark with water and mix. 1 mL of this solution contains 1.0 mg of erbium.

A.36   Ytterbium standard stock solution (1mg / mL):

Weigh 1.1387 g of desiccated ytterbium oxide (Spectral purity), transfer into a 300 mL beaker, cover the watch glasses, dissolve in 50 mL hydrochloric acid and transfer the solution to 1000 mL volumetric flask with water, dilute to the mark with water and mix. 1 mL of this solution contains 1.0 mg of ytterbium.

A.37   Scandium standard stock solution (1mg / mL):

Weigh 1.5338 g of desiccated scandium oxide (Spectral purity), transfer into a 300 mL beaker, cover with a watch glass, dissolve in 25 mL hydrochloric acid and transfer the solution to 1000 mL volumetric flask with water, dilute to the mark with water and mix. 1 mL of this solution contains 1.0 mg of scandium.

Annex B

（Informative）
Recommended Line of elements

	Elements
	Analytic lines/nm
	Elements
	Analytic lines /nm

	Si

Fe

Cu

Ga

Mg

Mn

Cr

Ni

Zn

Ti

Ag

B

Bi

Li

Pb

Sn

V

Zr

Ba
	288.158，251.611

259.940，239.562
324.754

294.364

285.213，279.553
259.373，257.610

267.716，283.563

231.604

213.856，206.200
334.941，337.280

328.068

249.678，249.773

223.061

670.784

220.353

189.989

292.402

339.198，349.621
230.424，455.403
	Be

Ca

Cd

Co

Er

Hf

In

K

Na

Mo

Nd

P

Sb

Sc

Sr

W

Y

Yb


	234.861，313.042

317.933，393.366

228.802
228.616

323.058

399.980

325.609

766.491

589.592

202.030

406.109，401.225

213.618

217.581

361.384，363.075

407.771，346.446

239.709，224.875

224.306，377.433

289.138
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