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Abstract 
The basic principle of X-ray fluorescence analysis for the determination of 
impurity elements Mn, Fe and Ni in copper alloy is introduced. On the basis 
of experiments, through theoretical analysis and experimental data, the varia-
tion trends of characteristic peak area and peak back ratio of Mn, Fe and Ni 
elements with the change of light tube current and tube voltage are obtained, 
so as to establish the best working condition mode of different elements. The 
relative standard deviations of Mn, Fe and Ni are 0.65%, 0.05% and 0.18% 
respectively. Multivariate regression analysis in the empirical coefficient me-
thod was used to establish a mathematical model to correct the matrix effect 
of Mn, Fe, and Ni elements. The experimental results show that the average 
absolute errors of Mn, Fe, and Ni content in copper alloys analyzed by the 
empirical coefficient method are 0.001%, 0.034%, and 0.002%, respectively, 
and the average relative errors are 0.698%, 2.205%, and 0.110% respectively. 
 

Subject Areas 
Application of Nuclear Technology 
 

Keywords 
X-Ray Fluorescence Analysis, Copper Alloy, Accuracy, Matrix Effect 

 

1. Introduction 

Copper is the earliest metal recognized and used by mankind, and its output oc-
cupies the second place among non-ferrous metals. Electrical and thermal con-
ductivity is the most important application area of copper and its alloys. The 
presence of impurity elements will increase its hardness and decrease its electric-
al conductivity. Copper alloys are generally used as structural materials. In addi-
tion, copper alloys are often seen in functional materials. The physical and me-
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chanical properties of copper alloys are closely related to their chemical compo-
sition [1]. Therefore, the chemical composition of copper alloys needs to be 
quickly analyzed during the production and processing of copper alloys. X-ray 
fluorescence spectroscopy is a fast and non-destructive analysis method with fast 
analysis speed, high automation, good reproducibility and wide measurement 
range [1] [2] [3]. The content of manganese, iron, nickel and other impurity 
elements in copper alloy was determined by energy dispersive X-ray fluores-
cence analyzer (EDXRF), and good results were obtained. 

2. Basic Principles  

According to Moseley’s law, the square of the atomic number is proportional to 
the energy of the characteristic ray. If the atomic number is different, the cha-
racteristic ray generated after being excited will be different. The purpose of the 
X-ray fluorescence quantitative analysis method is to calculate the content of the 
element to be measured in the sample through the count rate obtained by the 
measurement. Therefore, one can first determine the material composition of 
the sample, calculate the proportional coefficient, and then calculate the content 
of the element to be measured according to the counting rate. 
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In the formula, WK is the content of the element to be measured, and IK is the 
counting rate measured by the element to be measured; (μ0 + μK/KI0) is the scale 
factor. 

3. Experimental Instrument and Working Conditions 
3.1. Experimental Equipment and Sample Preparation 

The experimental samples are selected from the GSB04-2415-2008T00-09 series 
of copper alloy standard samples. The solid samples are cylindrical and the size 
is: Φ40 mm × 20 mm (height). Since the surface finish of the metal sample di-
rectly affects the X-ray fluorescence intensity, this effect is related to the element 
to be measured, so when measuring, the end of the sample without characters is 
polished with a lathe and then wiped clean with medical cotton. 

The instrument selected in this experiment is PANalytical Desktop XRF Spec-
trometer Epsilon 1: Ag anode X-ray tube and high current (3 mA) SDD detector, 
the maximum voltage of the X-ray tube is 50 kV, and the maximum current is 
500 μA. The maximum power is 5 W. The measuring element range is Na-Am, 
the resolution (Mg-Kα): 135 eV, and the detection limit is 1 ppm-100%. 

3.2. Experimental Condition Setting 

In order to obtain higher measurement precision and lower detection limit, the 
highest possible count rate and good peak-to-background ratio should be ob-
tained in the measurement process; especially the measurement time of trace 
elements should be appropriately increased to improve the analysis accuracy. On 
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the basis of experiments, the variation laws of characteristic peak area and peak 
to back ratio of Mn, Fe and Ni with photocell current and tube voltage are ob-
tained through theoretical analysis and experimental data, so as to obtain the 
best working mode of measurement, as shown in Table 1. 

4. Matrix Effect Correction 

In fact, the elements that have a significant contribution to the matrix effect are 
those elements that have high content, large content changes, and strong ab-
sorption or enhancement of the characteristic fluorescence to be measured. 
Therefore, by processing such major interference elements separately, a more 
accurate matrix effect correction effect will be obtained. At this time, the ma-
thematical correction method can be used, which is characterized by quantifying 
the interaction between the elements in the matrix and expressing it in various 
mathematical models, so that various calculation methods can be used to com-
plete the correction of the matrix effect, mainly the correction of the effect be-
tween the elements. Matrix effect correction adopts multivariate statistical anal-
ysis of empirical coefficient method, and the established mathematical model is 
as follows: 

0
0,

N

i i i i ij j
j j i
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= ≠

= + + ∑                      (2) 

In the formula, Wi is the content of the target element, Ii and Ij are the inten-
sity of the target element and the interference element respectively; ai0, ai and aij 
are the empirical coefficients, which can be obtained through multiple linear re-
gression analysis. 

5. Results and Discussion 
5.1. Calculation of Accuracy 

Accuracy refers to the consistency between repeated analysis results when ana-
lyzing the same sample. The more consistent the results of repeated analysis are, 
the higher the accuracy is. The accuracy of the analysis depends on the size of 
the accidental error in the measurement process. The evaluation of the accuracy 
is obtained through statistics of the relative standard deviation obtained from 
the same sample. The formula is as follows: 
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Table 1. Optimum analysis conditions of EDXRF. 

Element Spectral line Tube voltage (kV) Tube current (μA) Filter Condition set Time (s) 

Mn Kα 20 27 Al-200 Cr-Co 600 

Fe Kα 20 27 Al-200 Cr-Co 600 

Ni Kα 27 23 Al-200 Ni-Mo 600 
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In the formula, Ii is the count rate, IAVE is the average count rate; RSD is the 
relative standard deviation. Take the ZC-4 copper alloy standard sample as the 
inspection object, and measure 10 times continuously under the same condi-
tions. The test results are shown in Table 2. It can be seen in the table that the 
relative standard deviations of Mn, Fe, and Ni are 0.65%, 0.05%, and 0.18%, re-
spectively, which shows that the accuracy of the analysis is high. 

5.2. Analytic Result 

The empirical coefficient method was used to analyze the content of Mn, Fe, and 
Ni elements in the copper alloy samples, and the analysis results are shown in 
Table 3. Perform ternary linear regression analysis for Mn element, and get the 
correlation r2 = 0.999, the average absolute error of Mn content analysis result is 
0.001%, and the average relative error is 0.698%; for Fe element, perform ternary 
linear regression analysis to get its correlation r2 = 0.998, the average absolute 
error of the Fe content analysis result is 0.034%, the average relative error is 
2.205%; the quaternary linear regression analysis for Ni element, the correlation 
r2 = 0.999, the average absolute error of the Ni content analysis result It is 
0.002%, and the average relative error is 0.110%. Therefore, calibration models 
for analyzing Mn, Fe, and Ni in copper alloy samples can be established respec-
tively [4] [5]. 
 
Table 2. Method accuracy results. 

Element Mn Fe Ni 

Average count rate (cps) 151.12 3657.49 598.06 

Standard deviation 0.98 1.89 1.11 

RSD (%) 0.65 0.05 0.18 

 
Table 3. Analysis and comparison results of copper alloy samples. 

Serial 
number 

Mn (%) Fe (%) Ni (%) 

actual 
value 

calculated 
value 

absolute 
error 

fractional 
error 

actual 
value 

calculated 
value 

absolute 
error 

fractional 
error 

actual value 
calculated 

value 
absolute 

error 
fractional 

error 

1 0.001 0.001 0.000 −0.378 0.076 0.077 0.001 1.160 0.081 0.079 −0.002 −2.457 

2 0.001 0.001 0.000 −4.071 0.039 0.041 0.002 5.576 0.075 0.077 0.002 2.577 

3 0.188 0.191 0.003 1.434 3.702 3.756 0.054 1.470 0.425 0.426 0.001 0.209 

4 0.021 0.021 0.000 −1.013 0.534 0.542 0.008 1.430 0.420 0.423 0.003 0.783 

5 0.016 0.018 0.002 9.408 0.520 0.530 0.010 1.862 0.465 0.466 0.001 0.191 

6 0.189 0.189 0.000 0.137 3.791 3.867 0.076 2.005 0.425 0.428 0.003 0.788 

7 0.195 0.192 0.003 −1.497 3.810 3.675 −0.135 −3.550 0.423 0.419 −0.004 −1.007 

8 0.651 0.651 0.000 −0.001 0.501 0.501 0.000 −0.004 16.042 16.042 0.000 0.000 

9 0.017 0.016 0.001 −7.517 0.703 0.687 −0.016 −2.206 0.421 0.417 −0.004 −0.972 

AVE 0.142 0.142 0.001 0.698 1.520 1.520 0.034 2.205 2.086 2.086 0.002 0.110 
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8 8
Mn Mn Ni Cu0.0045 0.0013 5.34 10 4.15 10W I I I− −= + − × − ×          (4) 

6 6
Fe Fe Ni Cu0.1233 0.0011 1.74 10 1.70 10W I I I− −= + − × − ×          (5) 

5
Ni Ni Fe Mn Cu0.0387 0.00061 2.26 10 0.0004 0.0018W I I I I−= + − × − −     (6) 

In the formula, WMn, WFe, and WNi are the content of the target element, IMn, 
IFe, INi, and ICu are the count rate. 

6. Conclusion 

In summary, it is feasible to use X-ray fluorescence analysis to analyze the con-
tent of impurity elements in copper alloys. For the XRF analysis of the content of 
impurity elements in copper alloys, the empirical coefficient method can be used 
to correct the matrix effect, and the correction effect is better. The X-ray fluo-
rescence analysis method can quickly detect the element content in the copper 
alloy. The detection speed is fast, efficient, convenient, and has good economic 
benefits. 
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