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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.

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 standardization documents.

This document is the 11th part of GB/T 42513 Ｍethods for chemical analysis of nickel alloys. GB/T 42513 consists of the following  parts:

—Part 1:Determination of chromium content—Potentiometric titration method with ammonium iron(II) sulfate;

—Part 2:Determination of phosphorus content—Molybdenum blue spectrophotometry;

—Part 3:Determination of aluminum content—Nitrous oxide-flame atomic absorption spectrometry and inductively coupled plasma atomic emission spectrometry;

—Part 4:Determination of silicon content—Nitrous oxide-flame atomic absorption spectrometry and molybdenum blue spectrophotometry;

—Part 5:Determination of vanadium content—Nitrous oxide-flame atomic absorption spectrometry and inductively coupled plasma atomic emission spectrometry;

—Part 6:Determination of molybdenum content—Inductively coupled plasma atomic emission spectrometric method;

—Part 7:Determination of cobalt, chromium, copper, iron and manganese contents—Flame atomic absorption spectrometry;

—Part 8:Determination of niobium content—Inductively coupled plasma atomic emission spectrometric method;

—Part 9:Determination of total boron content—Curcumin molecular absorption spectrometric method;

—Part 10:Determination of trace elements content—Glow discharge mass spectrometry.

—Part 11:Determination of silicon,  manganese, phosphorus, chromium, nickel,copper, molybdenum, cobalt, iron, aluminum, vanadium, titanium, tungsten and niobium content—X-ray fluorescence spectrometry(routine method).
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 by China Nonferrous Metals Industry Association.

This document was prepared by SAC/TC 243 （National Technical Committee 243 on Nonferrous Metals of Standardization Administration of China）.

Introduction
Nickel alloys are commonly used in instruments and meters, electronic communications, pressure vessels, corrosion-resistant devices, and widely applied in industries such as aerospace and the manufacturing of high-end special-purpose machinery and equipment. They are one kind of the important metallic raw materials for industrial development. With the progress of China's industry, the demand for the production, import and export of high-end metal material nickel alloys has increased. Therefore, converting international standards into national standards is of great significance for promoting the development and upgrading of the non-ferrous metal industry and the development of domestic manufacturing industry. GB/T 42513 aims to establish a series of complete and feasible standard methods for determining elements such as chromium, phosphorus, niobium, molybdenum, aluminum, vanadium, silicon, cobalt, copper, and boron in nickel alloys. converting the following international standards:
—ISO 7592:2017 Nickel alloys—Determination of chromium content—Potentiometric titration method with ammonnium iron(II) sulfate;

—ISO 9388:1992 Nickel alloys—Determination of phosphorus content—Molybdenum blue molecular absorption spectrometric method;

—ISO 7530-7:1992 Nickel alloys—Flame atomic absorption spectrometric analysis—Part 7: Determination of aluminium content;
—ISO 7530-8:1992 Nickel alloys—Flame atomic absorption spectrometric analysis—Part 8: Determination of silicon content;

—ISO 7530-9:1992 Nickel alloys—Flame atomic absorption spectrometric analysis—Part 9: Determination of vanadium content;

—ISO 11435:2011 Nickel alloys—Determination of molybdenum content—Inductively coupled plasma/atomic emission spectrometric method;
—ISO 7530-1:2015 Nickel alloys—Flame atomic absorption spectrometric analysis—Part 1: Determination of cobalt, chromium, copper, iron and manganese;

—ISO 22033:2011 Nickel alloys—Determination of niobium—Inductively coupled plasma/atomic emission spectrometric method;

—ISO 11436:1993 Nickel and nickel alloys—Determination of total boron content— Curcumin molecular absorption spectrometric method;

—ISO 23166:2018 Nickel alloys—Determination of tantalum—Inductively coupled plasma optical emission spectrometric method;

GB/T 42513 consists of the following parts:

—Part 1:Determination of chromium content—Potentiometric titration method with ammonium iron(II) sulfate;

—Part 2:Determination of phosphorus content—Molybdenum blue spectrophotometry;

—Part 3:Determination of aluminum content—Nitrous oxide-flame atomic absorption spectrometry and inductively coupled plasma atomic emission spectrometry;

—Part 4:Determination of silicon content—Nitrous oxide-flame atomic absorption spectrometry and molybdenum blue spectrophotometry;

—Part 5:Determination of vanadium content—Nitrous oxide-flame atomic absorption spectrometry and inductively coupled plasma atomic emission spectrometry;

—Part 6:Determination of molybdenum content—Inductively coupled plasma atomic emission spectrometric method;

—Part 7:Determination of cobalt, chromium, copper, iron and manganese contents—Flame atomic absorption spectrometry;

—Part 8:Determination of niobium content—Inductively coupled plasma atomic emission spectrometric method;

—Part 9:Determination of total boron content—Curcumin molecular absorption spectrometric method;

—Part 10:Determination of trace elements content—Glow discharge mass spectrometry.

—Part 11:Determination of silicon,  manganese, phosphorus, chromium, nickel,copper, molybdenum, cobalt, iron, aluminum, vanadium, titanium, tungsten and niobium content—X-ray fluorescence spectrometry(routine method)

—Part 12:Determination of tantalum content—Inductively coupled plasma optical emission spectrometric method;

—Part 13:Determination of oxygen, nitrogen and hydrogen contents-Pulse heating inert gas melting thermal conductivity method/infrared absorption method.
The GB/T 42513 series of standards, in addition to converting international standards, also innovatively adds some new standards to establish a comprehensive method system for determining multiple elements in nickel alloys. Among them, Part 11 adopts X-ray fluorescence spectrometry (XRF, conventional method) to determine the contents of 14 elements including silicon, manganese, phosphorus, nickel, chromium, copper, molybdenum, etc.. As an advanced and mature modern instrumental analysis method, XRF features characteristics such as high sensitivity, high precision, good reproducibility, a high degree of automation, and accurate and rapid simultaneous determination of multiple elements. The formulation and implementation of this document not only promote the innovation and progress of nickel alloy detection technology in China but also provide technical basis for industry practitioners in the processes of production, application, scientific research and testing. It fills the domestic technological gap and lays a solid technical foundation for the high-quality development of the nickel alloy industry.

Ｍethods for chemical analysis of nickel alloys —Part 11:Determination of silicon,manganese,phosphorus,chromium,nickel,copper,molybdenum,cobalt,iron,aluminum,vanadium,titanium,tungsten and niobium content—X-ray fluorescence spectrometry(routine method)
WARNING — The person using this document shall have  work practical experience in formal laboratory. This document does not identify all possible security issues. It is the responsibility of the user to establish appropriate health and safety practices， and to ensure meet of the conditions stipulated by relevant national laws and regulations.

1 Scope
This document describes a method for the determination of silicon, manganese, phosphorus, chromium, nickel, copper, molybdenum, cobalt, iron, aluminum, vanadium, titanium, tungsten, and niobium content (mass fraction) in nickel alloys using wavelength dispersive X-ray fluorescence spectrometry (WD-XRF).
This document applies to the analysis of nickel alloy smelted samples, chill-cast samples, and forged samples​ with a carbon content of less than 0.3% and other non-analyzed element content of less than 0.2%. It is also applicable to the determination of the aforementioned elements (silicon, manganese, phosphorus, chromium, nickel, copper, molybdenum, cobalt, iron, aluminum, vanadium, titanium, tungsten, and niobium) content (mass fraction) in such nickel alloys. The determination ranges of each element are shown in Table 1.

Table 1—The determination range of each element

	Element
	Determination range (mass fraction) 

%
	Element
	Determination range (mass fraction) 

%

	Al
	0,050-2,00
	Co
	0,060- 18,0

	Si
	0,020- 3,60
	Fe
	0,50- 54,0

	Mn
	0,050- 5,40
	Al
	0,080- 3,00

	P
	0,005- 0,040
	V
	0,015- 1,00

	Cr
	0,30- 23,0
	Ti
	0,020- 3,50

	Ni
	20,0- 99,6
	W
	0,060- 3,30

	Cu
	0,060- 33,0
	Nb
	0,050- 5,00

	Mo
	0,030- 27,9
	-
	-


2 Normative references 
The contents in the following documents constitute the essential clauses of this document through normative references in the text. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.

GB/T 6682 Water for analytical laboratory use— Specification and test methods
GB/T 6379.2​ Accuracy (trueness and precision) of measurement methods and results—Part 2: Basic methods for the determination of the repeatability and reproducibility of a standard measurement method

GB/T 8170​ Rules of rounding off for numerical values & expression and judgement of limiting values
GB/T 16597​ Analytical methods for metallurgical products—General rules for X-ray fluorescence spectrometric methods

GB/T 17989.2​ Control charts—Part 2: Conventional control charts

JJG 810​ Wavelength dispersive X-ray fluorescence spectrometers

3 Terms and definitions 

No terms and definitions are listed in this document. 

4 Principle  

The surface of the sample shall be prepared into a clean and flat analysis surface. The test sample is irradiated and excited by primary X-rays emitted from an X-ray tube. The generated secondary X-rays are dispersed by a crystal, and a detector measures the intensity corresponding to the characteristic wavelengths of selected elements. Based on the spectral line intensity values of the test sample, the elemental content of the test sample is calculated from the calibration curve prepared from reference samples.

5 Materials

5.1  Reference materials/reference samples 
Reference materials (RMs) are a type of reference material; certified reference materials (CRMs) are RMs with certified values.. They are typically certified reference materials/certified reference samples (CRM), whose property values (certified values/standard values) are determined through traceability procedures and accompanied by uncertainty.

When used for drawing calibration curves in routine analysis, the mass fractions of each analyte in the selected series of CRM or RM shall cover the measurement range with appropriate gradient intervals; they shall also cover the mass fraction range of the elements to be measured, with at least three reference materials/reference samples used for each element (contents corresponding to low, medium, and high concentration levels respectively). If matrix effects exist between elements and mathematical correction is required to calculate inter-element effects, it may be necessary to increase the number of correction materials/samples.

5.2  Standardized samples (monitor samples) 
When used for instrument standardization drift correction or statistical process control of the method, the selected reference materials/reference samples (RM) are not mandatory to be certified reference materials/certified reference samples (CRM), but shall be homogeneous and stable. The standardized samples selected shall at least cover and approach the upper and lower limits of the calibration curve.
5.3  Gases.  

P10 gas​ (a mixture of 90 % argon and 10 %  methane), used for flow proportional counters.
6 Apparatus

6.1 Sample preparation equipment
6.1.1 Sample preparation equipment includes disc-type mechanical polishers, belt-type mechanical polishers, as well as mechanical processing equipment such as milling machines and lathes.

6.1.2 Available grinding materials for discs or belts include alumina (Al₂O₃), zirconia (ZrO₂), silicon carbide (SiC), etc. It should be noted that the selection of these abrasives may affect the trace element detection and analysis of aluminum, zirconium, and silicon, respectively. The wear resistance of the grinding material affects the stability of sample preparation parameters for nickel alloys; grin
ding materials with high wear resistance should be selected.

6.1.3 For the selection of tool materials, ensure that they are suitable for the mechanical processing of samples. It is advisable to use high-speed steel tools to reduce sample contamination and improve preparation efficiency.

6.2 Wavelength dispersive X-ray fluorescence(XRF) spectrometer 

Sequential or simultaneous wavelength dispersive spectrometers shall comply with the provisions of GB/T 16597 and JJG 810, and meet the following requirements:

a) X-ray tube: High-purity elemental target;rhodium target should be used.

b) Analyzing crystals: Flat crystals, curved crystals, or synthetic crystals.

c) Collimator system: For sequential instruments, an appropriate collimator system shall be selected to match light elements (atomic number ≤ 22), heavy elements, and element content ranges.

d) Detectors: Flow proportional counter (FPC) is suitable for light element analysis; Scintillation counter (SC) is suitable for heavy element analysis; Sealed proportional counter (SPC) is suitable for transition element analysis. Connecting two different detectors in series can enhance elemental sensitivity.

e) Vacuum system: During measurement, the pressure of the vacuum system shall be controlled below 20 Pa and kept stable. For the determination of elements whose radiation is easily absorbed by air (e.g., silicon, phosphorus), the pressure should be  maintained at 13 Pa (or 100 μm Hg) or below, and the fluctuation range shall be controlled within ±3 Pa (or ±20 μm Hg).

7  Sample

7.1  Sampling 

The collected specimen
 shall fully represent the overall properties of the batch material, be homogeneous in material, and have surface inclusions, other contaminants, and moisture removed. It shall not exhibit shrinkage cavities, slag inclusions, cracks, or other surface defects affecting X-ray fluorescence spectroscopic analysis and testing. The diameter of the specimen shall be 25 mm to 40 mm, and the thickness shall be not less than 5 mm.

7.2  Sample preparation 
Reference samples and specimens shall be prepared under the same conditions. The analysis surface shall be flat, uniform, clean, and free of physical defects. Surface roughness (Ra value) should be controlled in the range of 1,6 μm to 3,2 μm. Specimens with oxide layers shall be ground to remove oxide layers thicker than 0,3 mm, and coated samples shall have their surface layers treated
.

Polishing machines should use mechanical automated devices. The sand belt particle size shall be 80 mesh (0,180 mm) to 180 mesh (0,080 mm), the sand belt speed shall be 25 m/s, and the grinding thickness shall be not less than 0,1 mm. During machining with a milling machine, the tool rotation speed and translation speed shall be matched according to the physical properties of the sample to ensure the consistency and reproducibility of sample preparation.

8  Procedure

8.1  Instrument working environment 

The environmental conditions for instrument operation shall meet the requirements of GB/T 16597.
8.2  Instrument operating conditions 

Before measurement, the X-ray fluorescence spectrometer shall optimize its operating conditions (working status) in accordance with the requirements of the instrument manufacturer, and be used after the instrument has stabilized.

8.3  Measuring conditions 

Before starting the measurement, confirm the following measuring conditions:
a) Select appropriate measuring conditions based on the type of instrument used, the elements being analyzed, coexisting elements, and the range of the component contents.

b) The selection of tube voltag and tube current shall comprehensively evaluate the optimal excitation voltage of the analytical spectral line and the rated power requirement of the X-ray tube (i.e., the product of tube voltage and tube current values does not exceed the rated power). The tube voltage should be in the range of 30 kV to 60 kV and the tube current should be in the range of 40 mA to 120 mA, corresponding to a rated power range of the X-ray tube in the range of 2.4 kW to 4 kW.

c) Use reference material with appropriate analyte content to determine the peak position angles and pulse height distributions of elements. Avoid or reduce interferences from other element spectral lines through collimator and crystal selection. Process the electrical pulse signal intensity from the detector and high-content Cr, Ni, Fe, Mn, Mo elements, as well as higher-order escape peaks and crystal fluorescence, via a pulse height analyzer to ensure the measurement intensity is within the instrument's measurement range.

d) Background correction should use the measured background subtraction method. The background point shall be selected at the position with the lowest intensity within the interval, while avoiding spectral peaks of coexisting and potential elements in the sample.

e) Counting time depends on the analyte content and required analytical precision. The counting rate shall not exceed the maximum linear counting rate of the used counter, generally ranging from 10 s to 40 s.

f) The sample holder shall match the test sample, and the mask opening of the sample holder shall be completely covered by the analysis surface of the test sample. Set the sample holder rotation mode when testing samples.

g) Recommended emental analytical lines, spectrometer crystals, detectors, and potential interfering elements are given in Table 2.

Table 2. Recommended elemental analytical lines, monochromator crystals, detectors, and possible interfering elements

	Element
	Spectral line
	Crystal
	Detector
	Possible interference elements

	Si
	SiKα
	PET,InSb
	FPC,SPC
	W

	Mn
	Mn Kα
	LiF200,LiF220
	FPC,SPC,SC
	Cr,Fe

	P
	PKα
	Ge111
	FPC,SPC
	Mo,W ,Cu,Nb,Y

	Cr
	Cr Kα
	LiF200,LiF220
	FPC,SPC,SC
	Mn,V

	Ni
	NiKα
	LiF200,LiF220
	FPC,SPC,SC
	Co,Cu,W

	Cu
	CuKα/Kβ
	LiF200,LiF220
	FPC,SPC,SC
	Ni,Ta,W/Hf,Ta,W ,Re

	Mo
	MoKα
	LiF200,LiF220
	SPC,SC
	Nb,Y,Zr

	Co
	CoKα
	LiF200,LiF220
	FPC,SPC,SC
	Ni,Fe, Hf

	Fe
	FeKα
	LiF200,LiF220
	FPC,SPC,SC
	Mo,Mn,Nb

	Al
	AlKα
	PET
	FPC,SPC,SC
	Cr,Ti

	V
	VKα
	LiF200,LiF220
	FPC,SPC,SC
	Ti,W

	Ti
	TiKα
	LiF200,LiF220
	FPC,SPC,SC
	Cu

	W
	W Lα/Lβ
	LiF200,LiF220
	SPC,SC
	Ni,Cu,Ta,Nb

	Nb
	Nb Kα
	LiF200,LiF220
	SPC,SC
	Zr,Mo,Y


8.4  Preparation of the calibration curve

Under the selected measuring conditions of the XRF 
spectrometer, measure the characteristic X-ray fluorescence line intensities of the analyzed elements in a series of nickel alloy CRMs or RMs. Construct the calibration curve by plotting the relationship between the element content in the reference material and their X-ray intensities. The calibration curve is generally expressed in quadratic or linear equations (see Formula 1). Due to potential matrix effects (absorption-enhancement effects caused by coexisting elements) in nickel alloys resulting from multi-element alloy ratios and elemental occurrence states, which may influence analytical results, theoretical influence coefficient method, fundamental parameters method, or a combination of both mathematical correction methods should be adopted for matrix effect correction. Additionally, apply line overlap interference correction coefficients to derive comprehensive correction coefficients (dj) for the correction model or theoretical α-coefficients (αj) for the theoretical model (see Formula 2 and Formula 3). The fundamental parameters method normalizes the X-ray fluorescence theoretical intensity and element concentration through iterative calculations based on X-ray physical parameters (primary X-ray spectral intensity distribution, mass absorption coefficients, fluorescence yield, absorption-edge jump factors, instrument geometric factors, etc.) using the mathematical model provided in Annex A (see Formula A.1).
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Where:

Xi is the uncorrected mass fraction of element i, %；
Ii is the X-ray fluorescence intensity of element i, in kilocounts per second (kcps);

a, b, c are the calibration coefficients (set a=0 for linear equations).
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where：

Wi is the corrected content of analytical element i, %;
Dj is the comprehensive correction coefficient caused by matrix element j's absorption enhancement effect on analytical results;
aj is the theoretical alpha absorbing correction coefficient representing the total absorption correction effect of coexisting element j on element i;

Lj is the line overlap correction coefficient for spectral interference;

Wj is the mass fraction of matrix element j,or overlapping element j, %.
8.5  Verification of the accuracy of the calibration curve 
Under the selected measurement conditions, use XRF spectrometer to analyze reference material that are physically similar in morphology and chemically comparable to the test samples. These reference material shall not be used in calibration curve development​ and shall cover the low, medium, and high ranges of each element's calibration scope. Use Formula (4) or Formula (5) to statistically determine whether there are significant differences between the measured values and the certified/reference values (see statistical criteria in Annex B).
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 is the average of the contents for the analytical element in reference material, %
µ0 is the certified/reference content of the analytical element in reference material, %;

R  is the reproducibility limit determined by precision tests, %;

r  is the repeatability limit determined by precision tests, %;

n is the number of replicate measurements for the reference material;

S is the standard deviation of the certified value for the analytical element in the reference material, %;

N is the number of laboratories participating in the certification of the reference material;

U is the expanded uncertainty of the certified value for the analyzed element in the reference material, %. 
8.6 Test sample analysis

8.6.1 Instrument standardization (drift correction)​
Instrument standardization (drift correction) ensures the instrument operates under the same conditions as defined in the quantitative analysis method. Prior to test sample analysis, instrument standardization shall be verified by checking for significant changes in X-ray intensity using a fixed drift correction sample. If instrument drift occurs, correction is performed by measuring the X-ray intensity of reference material using single-point correction or two-point correction. Single-point correction uses a single reference material to adjust X-ray intensity via Formula (6), while two-point correction employs two reference material at the extremes of the calibration curve (Formula 7). The interval between drift corrections depends on instrument stability.

Ic =α ·Ix  
( 6 )
Ic =α ·Ix  +β 
( 7 )
where:
Ic is the corrected intensity of the unknown sample, in thousands of counts per second (kcps);
Ix is the measured intensity of the unknown sample, in kilocounts per second (kcps)
;
α, β are correction factors.

8.6.2 Confirmation of instrument standardization (drift correction)
After instrument standardization (drift correction), the analysis of reference material shall comply with the requirements specified in 8.5. The stability of the correction process should be monitored by plotting statistical process control charts, with the selection of chart types and criteria for identifying deviations in accordance with the provisions of GB/T 17989.2.
8.6.3   Test sample measurement
Under specified measurement conditions, XRF spectrometer is used to measure the fluorescence intensity of target elements in the sample. The elemental content is calculated based on the calibration curve. The same test sample undergoes two independent replicate tests. If the absolute difference between two measurements does not exceed the repeatability limit r specified in Table 3, the arithmetic mean of the results shall be reported as the final measurement, otherwise, the procedures outlined in Annex B shall be followed.
To improve the accuracy of test sample analysis, the “near-by technique”in Annex C shall be adopted, the nickel alloy reference materials with the same metallurgical process and chemical composition as the unknown sample are measured simultaneously, and the final result of the unknown sample is obtained by correction calculation.
9  Processing of results

The analysis results shall be rounded according to GB/T 8170. if the result is less than 0,1%, it shall be rounded to three decimal places. If it is between 0,10% to 10,00%, it shall be rounded to two decimal places. If it is bigger than 10,00%, it shall be rounded to one decimal place.
10  Precision
The precision functions, derived in accordance with GB/T 6379.2, are given in Table 3., under repeatability conditions, the absolute difference of two independent test results shall not exceed the repeatability limit r, and the occurrence of differences exceeding r shall not exceed 5%. Under reproducibility conditions, the absolute difference of two independent test results shall not exceed the reproducibility limit R, and the occurrence of differences exceeding R shall not exceed 5%. The statistical results of the precision tests are provided in Annex D, and the reference material and their compositions used are listed in Annex E.
Table 3—Precision Functions  
	 Element                         
	Measurement range 

%
	Repeatability limit(r)

%
	Reproducibility limit (R)

%

	Si
	0.02～3.6
	r=0.0023+0.0074m

	R=0.0075+0.0525m

	Mn
	0.050～5.4
	lgr=-2.0363+0.5536lgm
	R=0.0072+0.0306m

	P
	0.0050～0.040
	r=0.0005+0.0192m
	lgR=-1.7019-0.4361lgm

	Cr
	0.30～23.0
	lgr=-1.9868+0.4836lgm
	R=0.0160+0.0155m

	Ni
	20.00～99.6
	r=-1.4859+0.1792lgm
	lgR=-0.8108+0.2973lgm

	Cu
	0.060～33.0
	r=0.0064+0.0015m
	R=0.0134+0.0102m

	Mo
	0.06～27.9
	lgr=-1.9528+0.5911lgm
	lgR=-1.3055+0.6133lgm

	Co
	0.030～18.0
	r=0.0048+0.0029m
	R=0.0071+0.0209m

	Al
	0.080～3.00
	r=0.0030+0.0041m
	R=0.0082+0.0473m

	Fe
	0.5～54.0
	lgr=-1.5950+0.2199lgm
	lgR=-1.0008+0.3585lgm

	Ti
	0.020～3.50
	lgr=-2.0193+0.4566m
	lgR=-1.4469+0.6739lgm

	V
	0.015～1.00
	lgr=-2.1505+0.3491lgm
	R=0.0031+0.0583m

	Nb
	0.050～5.00
	r=0.0041+0.0023m
	R=0.0125+0.0184m

	W
	0.06～3.30
	r=0.0064+0.0029m
	lgR=-1.2766+0.4476lgm

	Note: m represents the mass fraction of the element being analyzed, given in %.


11 Test report
The test report shall include at least the following information:

―test objects.

―the code of this document.

―analysis results and their expressions.

―discrepancies from analysis procedure.

―abnormal phenomena observed during the determination.

―the date on which the test was carried out.

Annex A

(informative)

Correction model

A.1 The mathematical expression of the correction model of theoretical α absorbing correction coefficient method is shown in formula (A. 1) and formula (A.2):

Ci = Di +EiRi (1+M)              …………………………( A. 1 )
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where:
Ci is the mass fraction of the analytical element, %;
i is the analytical element;
j is the matrix element; 
Di is the intercept of the calibration curve, %;
Ei is the slope of the calibration curve (kcps/1%);
Ri is the net intensity of the analytical line, in kilocounts per second (kcps)

;
1+M is the correction items for matrix effects;
αi,j, γi,j are the matrix correction coefficients;
Li,j is the overlap correction coefficient of the analytical line, only empirical coefficients, no theoretical coefficients.

A.2 Mathematical expression of fundamental parameter (FP) method correction model is shown in Formula (A.3):
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where:
i is the analytical element;
j is the matrix element;
Ci is the mass fraction of the analytical element, %;
Di is the intercept of the calibration curve, %;
Ei is the slope of the calibration curve (kcps/1%);
Ri is the net intensity of the analytical line, in kilo counts per second (kcps);
γi,j,k is the interaction coefficient of elements j and k on element i;
L is the spectral overlap correction factor based on concentration or intensity;
Mi is the correction item for Fundamental Parameter (FP) method correction model.
The fundamental parameter (FP) model is used to calculates theoretical intensity based on actual measuring conditions. Instrument calibration and matrix effect correction are performed simultaneously. The spectral overlap correction coefficient (Li,j) is an empirical correction coefficient related to the instrument used, which needs to be recalculated with the change of measuring conditions for correction.

Annex B

(normative)

Flow chart for acceptance procedure of test results

The acceptance procedure flow chart of the test results is shown in Figure B.1.
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Figure B.1 Flowchart for acceptance of test results

Annex C

(normative)

 A near-by technique 

C.1 Outline 

To eliminate the impact of the calibration curve not covering the nickel alloy grade or to further improve the uncertainty of the reported values, a near-by technique can be used. The content of the test sample is calculated from the calibration curve, while simultaneously measuring a CRM or RM with the same nickel alloy grade as the test sample, which allows for a corrected calculation of the test sample's content. When the content of the test sample exceeds the calibration range but remains within the applicable range, it shall be ensured that the detector does not overflow due to high intensity; otherwise, recalibration covering this range shall be required.
C.2    Principles for selecting CRM or RM

The selection of CRM or RM shall follow the following rules:

a) Only use CRM or RM provided by qualified suppliers. For non-certified reference materials, verify the accuracy of their property values through inter-laboratory comparison or internal validation.
b) In analysis, the CRM or RM used shall have undergone the same metallurgical process as the test sample. 
c) The certified value shall be accompanied by a stated calculated uncertainty. 
d) The key factor is how close the contents of the test sample and the CRM or RM are. Generally, the following principles are used: 
1) Major elements (≥1%): the content of the CRM or RM does not differ from that of the test sample by more than ±10%.

2) Trace elements (<1%): the content of the CRM or RM does not differ from that of the test sample by more than ±50%.

C.3   Correction of test results
Based on the difference between the certified value and the measured value of the elements in the CRM, correct the measured values of unknown samples and calculate the final results of the unknown samples. An example of test result correction is shown in Table C.1.

Table C.1—Example of correcting test results
	Element
	 reference material
	Difference ΔC %
	Unknown sample
Measured value %
	Unknown sample 
corrected value%

	
	Verification value%
	Measured value %
	
	
	

	Si
	1. 
10
	1. 15
	-0. 05
	1. 07
	1. 02

	Mn
	0. 50
	0. 46
	0. 04
	0. 44
	0. 48

	Cr
	22. 13
	22. 23
	-0. 10
	21. 24
	21. 14

	Ni
	30. 83
	30. 98
	-0. 15
	30. 80
	30. 65


Annex D

(informative)

Precision test

Precision tests were conducted by 13 laboratories on 14 elements, namely silicon, manganese, phosphorus, chromium, nickel, copper, molybdenum, cobalt, iron, aluminum, vanadium, titanium, tungsten, and niobium, across 8 to 12 different sample levels. The inter-laboratory joint test measurement statistics are shown in Tables D.1 to D.14.
Table D.1—Results of interlaboratory tests of Si
	Sample name
	Certification value
%
	Average value 

%
	Repeatability limit(r)

%
	Reproducibility limit (R)


%
	Received
data
	Accepted
data

	NiA BS H2E
	0. 03
	0. 032 64
	0. 002 00
	0. 013 65
	13
	13

	NiA IARM Ni 925-18
	0. 075
	0. 073 84
	0. 003 82
	0. 013 89
	13
	13

	NiA BS405A
	0. 15
	0. 1478
	0. 004 1
	0. 031 4
	13
	13

	NiA IARM Ni 825-18
	0. 17
	0. 174 7
	0. 004 7
	0. 010 3
	13
	12

	NiA  IARM  NiX- 18
	0. 49
	0. 480 1
	0. 005 0
	0. 032 6
	13
	13

	NiA BS825F
	0. 59
	0. 617 6
	0. 009 0
	0. 045 0
	13
	12

	NiA YSBS35504
	1. 01
	1. 063
	0. 011
	0. 089
	13
	12

	NiA BS 191
	3. 66
	3. 523
	0. 025
	0. 207
	13
	13


Table D.2—Results of interlaboratory tests of Mn
	Brand Name
	Certification value/%
	Average value /%
	Repeatability limit(r)/%
	Reproducibility limit (R)/%
	Receive
data
	Accept
data

	NiA BS750C
	0. 056
	0. 057 77
	0. 002 63
	0. 012 75
	13
	13

	NiA BS H6B
	0. 226
	0. 231 6
	0. 003 8
	0. 015 7
	13
	13

	NiA   IARM   Ni 825-18
	0. 49
	0. 480 6
	0. 005 3
	0. 013 8
	13
	13

	NiA BS H2E
	0. 55
	0. 540 2
	0. 005 3
	0. 032 2
	13
	13

	NiA 212X 05500
	0. 634
	0. 634 9
	0. 006 0
	0. 028 3
	13
	13

	NiA BS400D
	0. 993
	1. 003
	0. 006
	0. 036
	13
	13

	NiA BS405A
	1. 9
	1. 907
	0. 027
	0. 124
	13
	13

	NiA BS 191
	5. 71
	5. 637
	0. 025
	0. 258
	13
	13


Table D.3—Results of interlaboratory tests of P

	Brand Name
	Certification value/%
	Average value /%
	Repeatability limit(r)/%
	Reproducibility limit (R)/%
	Receive

data
	Accept data

	NiA BS H1C
	0. 004 9
	0. 004 62
	0. 000 87
	0. 002 13
	13
	11

	NiA BS750C
	0. 005 9
	0. 006 20
	0. 000 47
	0. 00201
	13
	10

	NiA BS718D
	0. 008 3
	0. 00804
	0. 000 74
	0. 002 28
	13
	11

	NiA 28X 6255   
	0. 010 5             
	0. 012 13           
	0. 001 28                  
	0. 003 97                      
	13
	               11

	NiA  IARM  Ni 

825-18
	0. 013               
	0. 01343           
	0. 000 73                  
	0. 001 64                      
	13                   
	10

	NiA BS825F
	0. 018
	0. 017 79
	0. 000 89
	0. 003 03
	13
	11

	NiA BS 191
	0. 024
	0. 021 68
	0. 000 75
	0. 006 73
	13
	11

	NiA YSBS35504
	0. 049
	0. 050 18
	0. 001 59
	0. 004 68
	13
	11


Table D.4—Results of interlaboratory tests of Cr
	Brand Name
	Certification value/%
	Average value /%
	Repeatability limit(r)/%
	Reproducibility limit (R)/%
	Receive 

data
	Accept

 data

	NiA YSBS35504
	0. 375
	0. 374 1
	0. 0070
	0. 019 9
	13
	13

	NiA BS H1C
	0. 7
	0. 681 7
	0. 007 7
	0. 030 6
	13
	13

	NiA BS750C
	15. 92
	15. 792
	0. 036
	0. 505
	13
	13

	NiA BS718D
	18. 32
	18. 275
	0. 068
	0. 564
	13
	13

	NiA 28X 6255
	19. 65
	19. 538
	0. 034
	0. 516
	13
	12

	NiA   IARM   Ni 925-18
	20. 8
	20. 834
	0. 044
	0. 306
	13
	12

	NiA   IARM   Ni 825-18
	22. 4
	22. 357
	0. 041
	0. 302
	13
	13

	NiA BS825F
	23. 2
	23. 253
	0. 048
	0. 291
	13
	13


Table D.5—Results of interlaboratory tests of Ni

	Brand
	Certification value/%
	Average value /%
	Repeatability limit(r)/%
	Reproducibility limit (R)/%
	Receive

data
	Accept

data

	NiA BS 191
	5. 34
	5. 309
	0. 045
	0. 232
	13
	12

	NiA IARM  100 C
	20. 5
	20. 516
	0. 046
	0. 395
	13
	12

	NiA BS825F
	38. 9
	38. 612
	0. 077
	0. 368
	13
	13

	NiA  IARM   Ni 925-18
	44. 2
	44. 177
	0. 076
	0. 716
	13
	13

	NiA BS718D
	52. 5
	52. 608
	0. 072
	0. 610
	13
	13

	NiA BS H6B
	55. 9
	56. 185
	0. 058
	0. 794
	13
	12

	NiA BS H2E
	58. 3
	58. 272
	0. 084
	0. 350
	13
	13

	NiA 28X 6255
	64. 16
	64. 150
	0. 065
	0. 807
	13
	13

	  NiA 212X 05500
	64. 3
	64. 462
	0. 069
	0. 504
	13
	13

	NiA BS H1C
	69. 8
	69. 975
	0. 065
	0. 466
	13
	13

	NiA BS750C
	71
	71. 056
	0. 056
	0. 319
	13
	12

	NiA BS200-4
	98. 9
	98. 841
	0. 077
	0. 587
	13
	12


Table D.6—Results of interlaboratory tests of Cu
	Brand Name
	Certification value/%
	Average value /%
	Repeatability limit(r)/%
	Reproducibility limit (R)/%
	Receive

 data
	Accept

 data

	NiA BS718D
	0. 071
	0. 069 89
	0. 004 86
	0. 011 77
	13
	12

	NiA YSBS11364- 660
	0. 09
	0. 087 67
	0. 007 62
	0. 012 83
	12
	10

	NiA IARM 100C
	0. 11
	0. 107 1
	0. 0064
	0. 024 5
	13
	11

	NiA   IARM   Ni 925-18
	1. 69
	1. 674
	0. 020
	0. 090
	13
	12

	NiA BS825F
	1. 78
	1. 777
	0. 020
	0. 035
	13
	12

	NiA 212X 05 500
	29. 91
	29. 747
	0. 045
	0. 539
	13
	12

	NiA BS405A
	32. 1
	31. 927
	0. 048
	0. 420
	13
	11

	NiA BS400D
	33
	33. 030
	0. 081
	0. 249
	13
	12


Table D.7—Results of interlaboratory tests of Mo

	Brand Name
	Certification value/%
	Average value /%
	Repetition limit(r)/%
	Reproducibility limit (R)/%
	Receive 

data
	Accept

 data

	NiA BS 191
	0. 36
	0. 3548
	0. 004 5
	0. 025 3
	13
	12

	NiA  IARM  Ni 825-18
	2. 8
	2. 808
	0. 041
	0. 089
	13
	13

	NiA BS718D
	3
	2. 992
	0. 017
	0. 128
	13
	13

	NiA 28X 6255
	8. 32
	8. 361
	0. 039
	0. 190
	13
	13

	NiA IARM
NiX-18
	8. 6
	8. 667
	0. 045
	0. 145
	13
	13

	NiA BS H6B
	14. 05
	14. 087
	0. 064
	0. 212
	13
	13

	NiA BS H1C
	27. 2
	27. 163
	0. 056
	0. 451
	13
	12

	NiA YSBS 35504
	27. 94
	27. 857
	0. 070
	0. 379
	13
	13


Table D.8—Results of interlaboratory tests of Co
	Brand Name
	Certification value/%
	Average value /%
	Repeatability limit(r)/%
	Reproducibility limit (R)/%
	Receive

 data
	Accept

 data

	NiA BS825F
	0. 064
	0. 062 70
	0. 004 23
	0. 008 94
	13
	13

	NiA BS H6B
	0. 079
	0. 075 49
	0. 004 60
	0. 014 77
	13
	13

	NiA 28X 6255
	0. 164
	0. 154 5
	0. 005 5
	0. 0384
	13
	13

	NiA BS718D
	0. 368
	0. 366 1
	0. 006 2
	0. 010 3
	13
	12

	NiA   IARM   Ni 925-18
	0. 43
	0. 4268
	0. 006 3
	0. 012 7
	13
	12

	NiA IARM NiX- 18
	1. 43
	1. 413
	0. 014
	0. 049
	13
	13

	NiA YSBS35504
	1. 7
	1. 706
	0. 013
	0. 057
	13
	12

	NiA IARM 100C
	17. 9
	17. 971
	0. 048
	0. 426
	13
	13


Table D.9—Results of interlaboratory tests of Fe
	Brand Name
	Certification value/%
	Average value /%
	Repeatability limit(r)/%
	Reproducibility limit (R)/%
	Receive 

data
	Accept

data

	NiA BS H1C
	1. 29
	1. 248
	0. 028
	0. 170
	13
	12

	NiA BS400D
	2
	2. 013
	0. 032
	0. 069
	13
	11

	NiA BS H2E
	5. 41
	5. 454
	0. 026
	0. 200
	13
	12

	NiA BS750C
	8. 36
	8. 288
	0. 042
	0. 190
	13
	12

	NiA BS718D
	18. 51
	18. 533
	0. 074
	0. 409
	13
	12

	NiA   IARM   Ni 925-18
	26. 4
	26. 289
	0. 038
	0. 267
	13
	12

	NiA BS825F
	30. 7
	30. 824
	0. 066
	0. 399
	13
	12

	NiA YSBS11364- 660
	54. 71
	54. 506
	0. 055
	0. 365
	12
	11


Table D.10—Results of interlaboratory tests of Al
	Brand Name
	Certification value/%
	Average
value /%
	Repeatability limit(r)/%
	Reproducibility limit (R)/%
	Receive 

data
	Accept

data

	NiA BS825F
	0. 081
	0. 07801
	0. 002 92
	0. 012 24
	13
	12

	NiA BS H1C
	0. 15
	0. 159 3
	0. 005 2
	0. 011 6
	13
	12

	NiA YSBS
11364-660
	0. 225
	0. 226 2
	0. 004 1
	0. 032 0
	12
	11

	NiA IARM NiX- 18
	0. 24
	0. 228 3
	0. 003 1
	0. 026 3
	13
	12

	NiA IARM 100C
	0. 34
	0. 368 6
	0. 005 3
	0. 060 4
	13
	12

	NiA BS718D
	0. 631
	0. 638 3
	0. 006 2
	0. 035 1
	13
	12

	NiA BS750C
	0. 91
	0. 880 2
	0. 006 7
	0. 045 2
	13
	11

	NiA 212X 05500
	3
	2. 978
	0. 014
	0. 146
	13
	12


Table D.11—Results of interlaboratory tests of V
	Brand Name
	Certification value/%
	Average value /%
	Repeatability limit(r)/%
	Reproducibility limit (R)/%
	Receive

data
	Accept

data

	NiA BS H6B
	0. 006 3
	0. 00821
	0. 001 67
	0. 009 51
	13
	12

	NiA IARM 100C
	0. 037
	0. 036 70
	0. 001 68
	0. 00401
	13
	12

	NiA BS 191
	0. 083
	0. 083 72
	0. 002 15
	0. 00743
	13
	13

	NiA BS750C
	0. 132
	0. 133 4
	0. 003 6
	0. 013 1
	13
	13

	NiA BS H2E
	0. 15
	0. 157 5
	0. 004 9
	0. 014 3
	13
	13

	NiA YSBS 35504
	0. 212
	0. 208 7
	0. 004 8
	0. 015 6
	13
	13

	NiA YSBS
11364-660
	0. 263
	0. 267 6
	0. 003 7
	0. 016 0
	12
	12

	NiA YSBS21568
	0. 99
	1. 005
	0. 008
	0. 072
	12
	11


Table D.12—Results of interlaboratory tests of Ti
	Brand Name
	Certification value/%
	Average value /%
	Repeatability limit(r)/%
	Reproducibility limit (R)/%
	Receive

data
	Accept
data



	NiA BS200-4
	0. 019 1
	0. 018 92
	0. 001 60
	0. 003 65
	13
	12

	NiA BS H6B
	0. 05
	0. 050 13
	0. 002 82
	0. 005 73
	13
	12

	NiA 28X 6255
	0. 346
	0. 339 0
	0. 005 5
	0. 010 7
	13
	12

	NiA BS825F
	0. 91
	0. 905 5
	0. 008 1
	0. 0248
	13
	13

	NiA IARM Ni 825-18
	0. 96
	0. 970 0
	0. 006 1
	0. 010 8
	13
	12

	NiA YSBS11364- 660
	2. 11
	2. 110
	0. 015
	0. 060
	12
	12

	NiA BS750C
	2. 61
	2. 585
	0. 016
	0. 093
	13
	12

	NiA YSBS21568
	3. 3
	3. 242
	0. 021
	0. 224
	12
	12


Table D.13—Results of interlaboratory tests of W
	Brand Name
	Certification value/%
	Average value /%
	Repetition limit(r)/%
	Reproducibility limit (R)/%
	Receive 

data
	Accept 

data

	NiA BS718D
	0. 049
	0. 046 60
	0. 005 60
	0. 013 44
	13
	13

	  NiA YSBS 35504
	0. 096
	0. 095 32
	0. 007 17
	0. 024 64
	13
	13

	NiA IARM Ni 825-18
	0. 23
	0. 229 7
	0. 0084
	0. 021 7
	13
	13

	NiA IARM Ni 925-18
	0. 27
	0. 261 0
	0. 008 3
	0. 033 7
	13
	13

	NiA IARM
NiX-18
	0. 55
	0. 5484
	0. 0074
	0. 022 5
	13
	13

	NiA IARM  100 C
	2. 47
	2. 553
	0. 017
	0. 223
	13
	13

	NiA BS H6B
	3. 2
	3. 173
	0. 015
	0. 081
	13
	13

	NiA BS H2E
	3. 28
	3. 289
	0. 015
	0. 052
	13
	13


Table D.14—Results of interlaboratory tests of Nb
	Brand Name
	Certification value/%
	Average value /%
	Repetition limit(r)/%
	Reproducibility limit (R)/%
	Receive 

data
	Accept 

data

	NiA YSBS11364- 660
	0.115
	0.1222
	0.0041
	0.0131
	12
	12

	NiA IARM 100C
	0.174
	0. 1756
	0. 0055
	0. 0157
	13
	13

	NiA   IARM   Ni 825-18
	0.31
	0. 3016
	0. 0042
	0. 0229
	13
	13

	NiA   IARM   Ni 925-18
	0. 40
	0. 4103
	0. 0054
	0. 0308
	13
	13

	NiA BS750C
	0. 83
	0. 8457
	0. 0058
	0. 0219
	13
	13

	NiA YSBS41502
	3.19
	3.148
	0. 013
	0.068
	13
	13

	NiA 28X 6255
	4.09
	4.184
	0. 013
	0. 108
	13
	12

	NiA BS718D
	5. 16
	5. 108
	0. 015
	0. 104
	13
	13


Appendix E

 (reference) 

Information of reference materials used in precision test 

The chemical composition of reference materials used in the precision test is shown in Table E.1.
Table E.1—Chemical composition of reference materials
	Brand
	Content (mass fraction)

%

	
	Ni
	Si
	Mn
	P
	Cr
	Cu
	Mo
	Nb
	Fe
	Co
	Al
	Ti
	V
	W
	C

	BS200-4
	98 . 9
	0 . 101
	0 . 31
	0 . 002 3
	0 . 132
	0 . 048 2
	0 . 001  3
	0 . 0
01
	0 . 297
	0 . 091  1
	0 . 005  7
	0 . 019  1
	0 . 002 4
	0 . 000 95
	0 . 107

	BS750C
	71
	0 . 071
	0 . 056
	0 . 005  9
	15 . 92
	0 . 012
	0 . 07
	0 . 83
	8 . 36
	0 . 036
	0 . 91
	2 . 61
	0 . 132
	0 . 002 8
	0 . 041

	BSH1C
	69 . 8
	0 . 01
	0 . 51
	0 . 004 9
	0.7
	0 . 002
	27 . 2
	0 . 009
	1 . 29
	0 . 01
	0 . 15
	0 . 008
	0 . 02
	0 . 009
	0 . 002 2

	28X 6 255
	64 . 16
	0 . 448
	0 . 203 4
	0 . 010 5
	19 . 65
	0 . 064 7
	8 . 32
	4 . 09
	2 . 03
	0 . 164
	0 . 334
	0 . 346
	—
	—
	0 . 034 2

	212X 05  500
	64 . 3
	0 . 167
	0 . 634
	0 . 003  1
	0 . 073
	29 . 91
	—
	—
	1 . 162
	0 . 009
	3
	0 . 632
	—
	—
	0 . 135

	BS405A
	63 . 8
	0 . 15
	1.9
	0 . 003 7
	0 . 009  9
	32 . 1
	0 . 003  1
	0 . 000 4
	1 . 51
	0 . 019
	0 . 002
	0 . 002  1
	0 . 002
	0 . 001  7
	0 . 051

	BS400D
	63 . 4
	0 . 146
	0 . 993
	0 . 001
	0 . 005  7
	33
	0 . 002 4
	—
	2
	0 . 032
	0 . 023  1
	0 . 064
	—
	0 . 000 4
	0 . 13

	YSBS35  504
	61 . 8
	1 . 01
	0 . 597
	0 . 049
	0 . 375
	0 . 019
	27 . 94
	0 . 056
	5 . 94
	1.7
	0 . 016
	0 . 034
	0 . 212
	0 . 096
	0 . 084

	YSBS41  502
	63 . 72
	0 . 071
	0 . 124
	0 . 002 3
	20 . 69
	—
	8 . 37
	3 . 19
	3.5
	0 . 011
	0 . 016
	0 . 011
	—
	—
	0 . 043

	BSH2E
	58 . 3
	0 . 03
	0 . 55
	0 . 005
	15 . 85
	0 . 007
	15 . 98
	0 . 009
	5 . 41
	0 . 032
	0 . 35
	0 . 007
	0 . 15
	3 . 28
	0 . 003

	BSH6B
	55 . 9
	0 . 035
	0 . 226
	0 . 005 4
	22 . 3
	0 . 035
	14 . 05
	0.1
	3 . 45
	0 . 079
	0 . 23
	0 . 05
	0 . 006 3
	3.2
	0 . 008

	BS718D
	52 . 5
	0 . 072
	0.1
	0 . 008 3
	18 . 32
	0 . 071
	3
	5 . 16
	18 . 51
	0 . 368
	0 . 631
	0 . 93
	0 . 038
	0 . 049
	0 . 037

	IARM Ni925-18
	44 . 2
	0 . 075
	0 . 518
	0 . 012
	20 . 8
	1 . 69
	2 . 82
	0.4
	26 . 4
	0 . 43
	0 . 23
	2 . 19
	0 . 031
	0 . 27
	0 . 011 4

	IARM Ni825-18
	40 . 8
	0 . 17
	0 . 49
	0 . 013
	22 . 4
	1 . 81
	2.8
	0 . 31
	29 . 5
	0 . 55
	0 . 11
	0 . 96
	0 . 047
	0 . 23
	0 . 006

	BS825F
	38 . 9
	0 . 59
	0 . 521
	0 . 018
	23 . 2
	1 . 78
	3 . 19
	0 . 02
	30 . 7
	0 . 064
	0 . 081
	0 . 91
	0 . 086
	0 . 015
	0 . 012

	IARM 100C
	20 . 5
	0 . 442
	0 . 97
	0 . 013
	21 . 9
	0 . 11
	3 . 06
	0 . 174
	31 . 1
	17 . 9
	0 . 34
	0 . 013
	0 . 037
	2 . 47
	0 . 103

	YSBS 11  364-660
	24 . 74
	0 . 685
	1 . 39
	0 . 014
	14 . 18
	0 . 09
	1 . 17
	0 . 115
	54 . 71
	0 . 18
	0 . 225
	2 . 11
	0 . 263
	0 . 075
	0 . 05

	IARM NiX-18
	46 . 9
	0 . 49
	0 . 215
	0 . 010 7
	22
	0 . 046
	8.6
	0 . 024
	19 . 2
	1 . 43
	0 . 24
	0 . 017
	0 . 037
	0 . 55
	0 . 08

	BS 191
	5 . 34
	3 . 66
	5 . 71
	0 . 024
	16 . 33
	0 . 33
	0 . 36
	0 . 024
	67 . 73
	0 . 11
	0 . 002
	0 . 012
	0 . 083
	0 . 033
	0 . 098

	YSBS21  568
	55 . 98
	0 . 32
	0 . 22
	0 . 011
	23 . 13
	0 . 32
	0 . 041
	1 . 11
	12 . 48
	0 . 11
	
	3.3
	0 . 99
	0 . 008
	0 . 079


____________________________
	








宜用should


全文试样建议统一，并与样品区分


样品用sample 试样用specimen 或者test sanmple


这个中文处理涂层是否指去除？


第一次出现时候用全称（简写），之后都可以用简写


已统一


R r m都改为斜体


已修改


已修改





小数点用英文逗号


按照这个表头修改各个表，并将小数点改为英文逗号


小数点





