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Foreword 

 

The purpose of this document is to unify the testing methods and nomenclature standards. All 

parties of the alliance agree with each other on the test results using this document. 

 

This document is drafted in accordance with the rules given in the GB/T 1.1—2020,Directives 

for standardization—Part 1,Structure and drafting of standards. 

 

The technical terms of this document is mainly referred to GB/T 18043-2013,Jewellery —

Determination of precious metal content— Method using X-Ray fluorescence 

spectrometry. 

 

The members of this working group: Cheng You-fa, Chen Shu-xiang, Huang Zhun, Wang Ping, Li 

Jian-jun, Fan Chun-li，Liu Xin, Zhu Yong-qian, Meng Ying-xin, Wang Lu-yan, Tong Yu-jia, Lv 

Xue-ru, Qian Li, Zheng Wei-zhang.



 

 

 

Jewellery—Determination of precious metal content—

Method using X-Ray fluorescence spectrometry 

1 Scope 

 

This document specifies the methods and requirements for determination of precious metals in 

jewelry by the X-Ray fluorescence spectrometry (XRF) method. 

This document is applicable to the qualitative analysis of jewelry and other crafts as well as 

screening tests of contents of precious metals (incl. gold, silver, platinum and palladium). 

 

2 Normative references 

 

The following referenced documents are indispensable for the application of this document. For 

dated references, only the edition cited applies. For undated references, the latest edition of the 

referenced document (including any amendments) applies. 

GB 11887   Jewellery-Fineness of precious metal alloys and designation 

 

3 Terms and definitions 

 

For the purposes of this document, the following terms and definitions apply. 

 

3.1 screening 

An analytical method is used for preliminary measuring the content of analyte elements in the 

sample. 

 

3.2 working reference material 

A material or substance with one or more characteristics that are sufficiently uniform and well 

defined to calibrate measurement devices, evaluate measurement methods, or assign values to 

materials. In the absence of national certified reference materials and national standard samples, the 

characteristic values of the laboratory's self-made reference materials can be traced. 

 

4 Principle 

 

The surface elements of jewelry are excited by X-ray (the penetration thickness is usually several 

microns to dozens of microns), and the characteristic X-ray fluorescence spectrum is emitted, and 

qualitative analysis is carried out according to its characteristic spectrum (energy or wavelength). 

There is a linear relationship between the X-ray fluorescence intensity and the content of different 

elements. As the content of the elements to be measured changes from low to high and the linear 

relationship from strong to weak, the calculation method gradually changes from direct to 

normalized and subtractive methods. Compared with the working curve of reference material, it can 

be used for quantitative analysis.  



 

 

 

Theoretically, the range of elements detected by XRF is Na～U (energy dispersive) or B～U 

(wavelength dispersive). 

 

5 Instrument and equipment 

 

5.1 XRF: The resolution (half peak width) is superior to 170 eV at Mn 5.89 keV characteristic 

energy position. 

 

5.2 Reference materials (gold, silver, platinum and palladium etc.): national reference materials 

and working reference materials can be used. Working reference materials shall be characterized in 

a proper way and be traceable. 

 

6 Methodology 

 

6.1 Calibration of the instrument 

 

The instrument shall be calibrated on a regular basis according to the specific requirements. 

 

6.2 Test conditions 

 

6.2.1 Environmental conditions of the laboratory shall meet the requirements of corresponding 

instrument. 

 

6.2.2 Measurement can only be carried out upon when the instrument is in stable condition. 

 

6.2.3 Reference materials shall be measured and the working curve can be set up according to the 

certified values and strength values of each content of components of the reference materials. 

 

6.3 Test method 

 

6.3.1 Check the types of the sample, marks and appearance, etc. 

 

6.3.2 A qualitative analysis shall be used to determine the main elements and impurity elements 

of the sample. 

 

6.3.3 According to the result of qualitative analysis, select the reference materials with basically 

comparable fineness level and impurity components, and measure each of the reference material no 

less than 3 times. An average value can be obtained upon multiple measurement values. Draw the 

calibration curve with the certified values and the corresponding average values of each component 

as parameters, then obtain the linear equation of the calibration curve. 

 

6.3.4 Verify the calibration curve. If there is a large drift, the curve shall be re-established. 

 



 

 

 

6.3.5 Test the sample. Put the measurement values into the linear equation of the calibration curve 

established in 6.3.3 and then calculate the calibration values corresponding to the measurement 

values of the sample. 

 

6.3.6 Each sample shall be measured at least three representative and different points. Calculate 

the average value based on the multiple measurement values. 

 

6.3.7 The test result (the average value of calibration values obtained by multiple measurement 

values) is expressed by ‰, and reported with single-digits. 

 

7 Factors affecting the test result 

 

Considering the specialty of jewelry and limitation of principles, the tester shall understand and be 

familiar with the following factors (these factors will have a great impact on the collection of 

characteristic spectrum intensity in different situations, and even cause misjudgment) that would 

affect the test result when using this method: 

—— Great differences between elemental constituents or contents of the sample and the 

reference material; 

 

—— The surface of the sample is coated or chemically treated; 

 

——Measurement time; 

 

—— The shape of the sample; 

 

—— The area of the sample;  

 

——The content of the precious metals; 

 

—— Uniformity of the tested sample (incl. segregation and welding flux, etc.). 

 

8 Processing of the test result 

8.1 Considering the various factors in Chapter 7, uncertainty evaluation shall be conducted on 

the test result (the uncertainty evaluation method see Annex B). The scope (the test result ± test 

uncertainty) of test result can be determined on the basis of the evaluation result. The scope of test 

result will be enlarged in lower content of precious metals. 

8.2 The screening is conducted according to the scope of test result: 

(a) Conformity: the lower limit of the scope of test result is greater than or equal to that of the 

nominal value. 

 



 

 

 

(b) Non-conformity: the upper limit of the scope of test result is less than that of the nominal value. 

But this standard cannot be used as the independent judgment of non-conformity. 

 

(c) Unable to determine: the scope of test result includes the lower limit of the nominal value. In 

this case, the method of Annex C can be used to carry out sample processing and result 

calculation. Further analysis can also be used to the sample based on the arbitration method 

stipulated in GB 11887. 

8.3 Qualitative conclusions can be given according to results, or corresponding fineness scope can 

be issued according to GB 11887. 

9 Limitations 

9.1 There are also certain method risks of the samples judged conformity by this standard due to 

the factors such as differences of constituents and shapes, etc. between the reference materials and 

the measurement samples, uncertain scope of measurement elements as well as surface 

measurement, etc. 

9.2 If the test result is controversial, the test shall be conducted according to the arbitration 

method stipulated in GB 11887. 

9.3  Proportion of welding flux in the sample shall be considered when calculating the test result 

of the sample (nominal value of fineness is 999 ‰).Weighted calculation when calculating specific 

test results. 

 



 

 

 

 

Annex A  

（informative） 

Test flow chart of XRF method for determination of precious metals 
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Annex B 

(informative) 

Uncertainty evaluation methods and examples of XRF method for the 

determination of precious metals 

B.1 Evaluation of uncertainty 

B.1.1 General  

 

When XRF is used to determine the contents of precious metals, the measurement values shall be 

calibrated with the reference materials. The calibration method is an external standard curve method, 

using the least square method to linearly fit measurement values and certified values and then 

obtaining the standard curve.  

 

Uncertainty evaluation of the test result shall give full consideration to factors including the 

reference materials, measurement repeatability, sample homogeneity, linearity of the calibration 

curve as well as inconsistency of the sample and the reference materials, etc. 

B.1.2 Source of uncertainty 

B.1.2.1 Type-A uncertainty: measurement repeatability and sample homogeneity, ua. 

B.1.2.2 Type-B uncertainty: the uncertainty of reference material, ub; linear uncertainty of the 

calibration curve, uc, the sample inconsistency, ud (estimated according to the actual 

measurement). 

B.1.3 Evaluation of uncertainty 

B.1.3.1 Type-A uncertainty 

 

According to relative standard deviation RSD % of multiple measurement values of different 

points as well as measurement times N, uncertainty of measurement repeatability and sample 

homogeneity, ua, is calculated using Formula (B.1): 

 
N

RSD
ua

%
=  ........................ (B. 1) 

Where 

 

ua is the uncertainty of measurement repeatability and homogeneity of the sample, 

 

RSD% is the relative standard deviation; 

 

N is the measurement times. 

 



 

 

 

B.1.3.2 Type-B uncertainty 

B.1.3.2.1 The uncertainty of the reference material, ub: as specified incertificate of referenc

e materials. 

B.1.3.2.2 Linear uncertainty of the calibration curve, uc, is calculated using Formula (B.2); 
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Where 

 

uc   is the linear uncertainty; 

 

rsd   is the residual standard deviation of the calibration curve, calculated using Formula 

(B.3); 

 

m   is the slope of the calibration curve; 

 

N   is the measurement times of the sample; 

 

n   is the measurement times of reference materials; 

 

x0   is the (average) calibration values obtained after the measurement values are calibrated 

by the calibration curve; 

 

�̅�   is the average measurement value of different reference materials; 

 

xi    is the certified values of reference materials. 
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Where 

 

rsd   is the residual standard deviation of the calibration curve; 

 

xj    is the measurement values of reference materials; 

 

b   is the intercept of the calibration curve; 

 

m   is the slope of the calibration curve; 

 



 

 

 

cj is the certified values of reference materials; 

 

n is the measurement times of reference materials. 

B.1.4 Combined uncertainty 

Combined uncertainty is calculated using Formula (B.4): 

 
2222)( dcba uuuuxu +++=
 .................... (B. 4) 

Where 

 

u(x)  is the combined uncertainty; 

 

ua    is the uncertainty of measurement repeatability and homogeneity of the sample; 

 

ub   is the uncertainty of the reference material; 

 

uc    is the linear uncertainty of the calibration curve; 

 

ud   is the uncertainty of sample inconsistency. 

B.1.5 Expanded uncertainty 

If measurement values are normally distributed, expanded uncertainty is calculated using Formula 

(B. 5): 

 )(2 xuU = (k=2) ........................ (B.5) 

Where 

 

U    is the expanded uncertainty; 

 

u(x)   is the combined uncertainty. 

B.2 Examples of uncertainty evaluation 

B.2.1  990‰ gold necklace 

 

B. 2.1.1 Linear uncertainty of the calibration curve  

Certified values and measurement values of series reference materials are shown in Table B.1. The 

calibration curve made according to the certified values and measurement values is shown in 

Figure B.1.Substitute the values in Table B.1 into the Formula (B.2) and Formula (B.3) to obtain 

that the linear uncertainty of the calibration curve, uc, is 0.045%. 

 

Table B.1— Measurement results of reference materials 



 

 

 

Reference materials 
Measurement values 

(%) 
Certified values (%) 

Relative uncertainty of certified 

values U(%) 

GBW02751 99.96 99.994 0.037 

GBW02754a 99.51 99.60 0.07 

GBW02755a 98.85 98.98 0.08 

GBW02756a 97.98 97.99 0.07 

GBW02757a 96.11 96.00 0.07 

GBW02758a 91.78 91.68 0.08 

 

 

 

Figure B.1— Diagram of calibration curve 

 

B.2.1.2 The uncertainty introduced by measurement repeatability and inhomogeneity of sa

mple 

Calibrated values and measurement values of 990‰ gold pendant are shown in Table B.2. 

 

Table B.2 — Measurement results of the sample 

Measurement position Measurement values (%) Calibrated values (%) 

Main surface 1 99.58 99. 65 

Main surface 2 99.57 99.64 

Main surface 3 99.58 99.65 

Wedding part 1  99.39 99.45 

y = 0.97505 x + 2.42080 
R² = 0.99963 
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Wedding part 2 99.56 99.62 

Wedding part 3 99.57 99.64 

Average   99.61 

RSD%  0.08 

Data in Table B. 2 include multiple measurement values of different parts of the sample, so the 

RSD% of the average value contains the uncertainty of measurement repeatability and 

inhomogeneity of the sample. The relative uncertainty ua, is calculated as 
0.08%

√6
= 0.033%. 

B.2.1.3 Overall uncertainty evaluation 

The following components of uncertainty can be obtained according to the above results analysis: 

 

Uncertainty of measurement results ua,:  ua = 0.033%; 

 

Uncertainty of the reference material ub: based on the reference material GBW02754a that is close 

to the measurement values of the sample, ub = 0.035%; 

 

Linear uncertainty of the calibration curve uc:  uc = 0.045%; 

 

The uncertainty of sample inconsistency, ud, is estimated with 0.03%; 

 

Combined uncertainty is calculated as:√0.0332 + 0.0452 + 0.0352 + 0.032 = 0.072%; 

 

Expanded uncertainty: U=0.072%*2=1.5‰(k=2); 

 

The final test result is reported as (996.1±1.5)‰, (k=2). 

 

B.2.2  999‰ Gold pendant 

B.2.2.1 Linear uncertainty of the calibration curve 

Certified values and measurement values of series reference materials are shown in Table B.3. The 

calibration curve made according to the certified values and measurement values is shown in 



 

 

 

Figure B.2. 

Table B.3 — Measurement results of reference materials 

Reference materials 

Measurement values 

(%) 

Certified values (%) 

Relative uncertainty U of certified 

values U(%) 

GBW02751 99.99 99.994 0.037 

GBW02754a 99.58 99.60 0.07 

 

 

Figure B.2— Diagram of calibration curve 

 

B.2.2.2 The uncertainty introduced by measurement repeatability and inhomogeneity of the 

sample 

 

Calibrated values and measurement values of the 999‰ gold pendant are shown in Table B.4: 

Data in Table B.4 include multiple measurement values of different parts of the sample, so the 

RSD% of average value contains the uncertainty of measurement repeatability and inhomogeneity 

of the sample. The relative uncertainty ua is calculated as 
0.015%

√9
= 0.005%. 

Table B.4 — Measurement results of the sample 

Measurement position Measurement values (%) Calibrated values (%) 

Main surface 1 99.93 99.94 

Main surface 2 99.94 99.95 

Main surface 3 99.9 99.91 

Main surface 4 99.91 99.92 

y = 1.04061x - 4.06470
R² = 1.00000
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100

100.1
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Main surface 5 99.93 99.94 

Main surface 6 99.91 99.92 

Bottom 1 99.93 99.94 

Bottom 2 99.91 99.92 

Bottom 3 99.90 99.91 

Average   99.93 

RSD%  0.015 

 

B.2.2.3 Overall uncertainty evaluation 

The following components of uncertainty can be obtained according to the above results analysis: 

 

Uncertainty of measurement results ua: ua=0.005%; 

 

Uncertainty of the reference material ub: based on the reference material GBW02751 that is 

close to the measurement values of the sample, ub=0.019%; 

 

The uncertainty of sample inconsistency, ud, is estimated with 0.02%; 

 

Combined uncertainty is calculated as: %028.002.0005.0019.0 222 =++ ; 

 

Expanded uncertainty: Ur=0.028%*2=0.6‰ (k=2); 

 

The final test result is reported as (999.3±0.6)‰ ,(k=2). 



 

 

 

B.2.3 18 Karat gold necklace 

 

B.2.3.1 Calibration curve of linear uncertainty 

 

Certified values and measurement values of series reference materials are shown in Table B.5. The 

calibration curve made according to the certified values and measurement values is shown in Figure 

B.3. Substitute the values in Table B.5 into Formula (B.2) and Formula (B.3) to obtain that the linear 

uncertainty of the calibration curve, uc, is 0.076%. 

Table B.5— Measurement results of reference materials 

Reference materials 

Measurement values 

(%) 

Certified values (%) 

Relative uncertainty of certified 

values U (%) 

GBW02759a 84.88 85.00 0.08 

GBW02760a 78.75 78.99 0.08 

GBW02761a 74.67 74.99 0.04 

GBW02762a 69.90 70.00 0.07 

GBW02763a 64.98 64.99 0.06 

 

 

Figure B.3— Diagram of calibration curve  

 

B.2.3.2 The uncertainty introduced by measurement repeatability and inhomogeneity of the sample 

 

Calibrated values and measurement values of the necklace are shown in Table B.6. 

 

Table B.6— Measurement results of the sample 

Measurement position Measurement values (%) Calibrated values (%) 

y = 0.99287 x + 0.37508 
R² = 0.99980 
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Main surface 1 75.43  75.59  

Main surface 2 76.10  76.27  

Main surface 3 76.09  76.26  

Wedding part 1 74.54  74.70  

Wedding part 2 75.33  75.49  

Wedding part 3 75.03  75.19  

Average  75.58  

RSD%  0.81 

Data in Table B.6 include multiple measurement values of different parts of the sample, so the 

RSD% of average value contains the uncertainty of repeatability and inhomogeneity of the 

sample. The relative uncertainty, ua, is calculated as
0.081%

√6
= 0.33%.. 

B.2.3.3 Overall uncertainty evaluation 

The following components of uncertainty can be obtained according to the above results analysis: 

 

Uncertainty of measurement results ua: ua=0.33%; 

 

Uncertainty of the reference material ub: based on the reference material GBW02761a that is 

close to the measurement values of the sample, ub=0.02%; 

 

Linear uncertainty of calibration curve uc: uc=0.077%; 

 

The uncertainty of the sample inconsistency, ud, is estimated with 0.3%. 

 

Combined uncertainty is calculated as:√0.332 + 0.022 + 0.0772 + 0.32 = 0.45% 

 

Expanded uncertainty: U=0.45%*2 = 0.90% (k=2); 

 

The final test result is reported as (755.8±9.0)‰, (k=2). 

  



 

 

 

Annex C 

（informative） 

Methods of sample processing and result calculation 

 

C.1 Applicability  

 

As to the samples with flux or samples with an undeterminable test results, the methods specified 

in Annex Care applicable if customers agrees to molt and flatten the samples. The methods of 

sample processing and result calculation is used referring to this annex. 

 

C.2 Regents and materials  

 

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade and 

only distilled water or water of equivalent purity. 

 

C.2.1 1% dilute sulfuric acid. 

 

C.2.2 Absolute ethanol. 

 

C.2.3 Refractory brick. 

 

C.3 Apparatus 

 

C.3.1 Analytical balance, with a reading accuracy of 0.01 mg. 

 

C.3.2 Roller, which is able to roll the sample to the thickness of 0.1 mm. 

 

C.3.3 Ultrasonic cleaner. 

 

C.3.4 Jewelry’s welding torch. 

 

C.3.5 Muffle furnace or high frequency induction furnace, capable of attaining the temperature 

above 1100 ℃. 

 

C.3.6 Crucible (Porcelain crucible or graphite crucible). 

 

C.3.7 Long handle stainless steel pliers. 

 

C.4 Sample processing methods 

 

C.4.1 Wash the sample with water and allow to dry. 

C.4.2 Sampling: the sample below 3.00 g is taken as the whole, while the sample of 3.00 g or 

more is symmetrically taken by 1/2. 

 



 

 

 

C.4.3 Weigh the sample and record as the mass before melting m1. 

 

C.4.4 Melt the sample with one of the following two methods: 

 

(a) Melt with welding torch 

 

1) Roll the sample and place it on the refractory brick（C.2.3）; 

 

2) Melt the sample with jewelry’s welding torch (C3.4); 

 

3) Solidify the sample, and then immerse the sample in 1% dilute sulfuric acid (C.2.1) for 

5~10 min; 

 

4) Remove the sample from the acid and wash with water. Allow to dry. 

 

(b) Melt with furnace 

 

1) Preheat the muffle furnace or high frequency induction furnace(C.3.5); 

 

2) Weigh the porcelain crucible (C.3.6) at a constant weight; 

 

3) Place the intercepted sample in the constant weight crucible（C.3.6）; 

 

4) Place the crucible（C.3.6）containing the sample in the furnace with a long-handle 

stainless steel pliers（C.3.7） for more than 20 minutes (about 1 g. Extend the time in 

the furnace depending on the quality of the sample). 

 

C.4.5 Weigh the molten sample and record as m2 (the mass after melting). 

 

C.4.6 Roll the molten sample into a 0.2 mm thick strip using a roller. 

 

C.4.7 Test according to 6.3.5 and 6.3.6 in this standard. 

 

C.5 Calculation of the result 

 

C.5.1 The molten calibration factor of the sample is calculated using Formula (C.1): 

1

2

m

m
k =  ……………………………………(C.1)       

Where 

 

k   is the molten calibration factor; 

 

m1     is the mass, in grams, of the sample before melting; 



 

 

 

 

m2     is the mass, in grams, of the sample after melting. 

 

The result is reported with three decimal places. 

 

C.5.2 The final result of the sample is the measurement result of the sample (the average of the 

calibrated values obtained from several measurements) multiplied by the molten calibration factor 

k, in parts per thousand by mass, with the result reported with single digits. 

_________________________________ 


