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Abstract 

The content ratio of Mn, Co, and Ni in the ternary cathode material of lithium ion battery 
directly affects the performance of lithium battery. The application of energy dispersive 
X-ray fluorescence analysis (EDXRF) to rapidly determine the content of Mn, Co, and Ni 
in the mixture is of great significance for improving product quality and yield. Aiming at 
the influence of background and overlapping peaks in the instrument spectrum, the 
coif3 wavelet basis and the least squares function fitting method are studied for energy 
spectrum analysis. Compared with the SNIP method of deducting the background, the 
effect of deducting the background by the coif3 wavelet-based transform does not 
appear sharp spikes in the low-frequency background segment, which is in line with the 
characteristics of continuous and slow changes in the background spectrum; The least 
squares function fitting method was used to fit the characteristic X-ray cumulative 
spectra of Mn, Co and Ni, and at the same time, the escape peaks of the Mn Kα peak and 
the Ni Kα peak, and the overlapping peaks of the Co Kβ peak and the Ni Kα peak were 
separated; Finally, the multiple linear regression method was used to establish the 
working curve, and the maximum relative errors of Mn, Co and Ni are 0.332%, 0.446% 
and 0.017%, respectively, which meet the requirements of accurate analysis. 
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1. Introduction 

Lithium-ion battery (LIB), as a leader in new clean energy, has the advantages of no-memory-effect, 

green environmental protection, long cycle life, high operating voltage, high energy density, etc., and 

is called "green power". Industry, energy transportation, energy storage systems, aerospace, military 

communications and other fields have great development prospects[1]. The electrochemical 

performance of a lithium-ion battery largely depends on the active material of the electrode. As the 

main lithium ion (Li+) worker of the entire system, the cathode material directly restricts its 

performance. After nearly 40 years of development, researchers have developed a new layered ternary 

material lithium nickel cobalt manganate (LiNixCoyMn1-x-yO2, NCM), which has better 

performance than each single-component material and is currently mass-produced cathode It is one 

of the materials with the greatest potential and the most promising development[2]. The ratio of nickel, 

cobalt, and manganese directly restricts the basic performance of lithium-ion batteries. Therefore, 

determining the precise content of nickel, cobalt, and manganese in the ternary cathode material is 

very important for the development, production, and inspection of lithium batteries. important 

meaning. 
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As a fast and non-destructive testing technology, X-ray fluorescence analysis is mainly characterized 

by rapid analysis, no damage to sample properties, wide range of element analysis, low detection 

limit, wide range of element content analysis, stable and reliable results, and easy operation. It is 

suitable for simultaneous analysis of primary, secondary and trace elements in various solid samples, 

and has high applicability to the content analysis of ternary material nickel cobalt lithium 

manganate[3]. In the process of using the EDXRF analyzer to obtain the X-ray fluorescence spectrum 

of the sample to be tested, on the one hand, since the primary ray emitted by the X-ray tube is a 

continuous spectral line, the continuous spectral line enters the ray detector through the scattering of 

the sample to be tested and the environment , so that the characteristic ray peaks of the element to be 

tested are superimposed on a continuous background, which affects the calculation of the element 

characteristic ray count rate. Rays entering the detector will have photoelectric effect and Compton 

effect. Compton effect not only reduces the count of characteristic peaks, but also increases the 

background value of spectral lines to a certain extent; on the other hand, due to statistical fluctuations 

And the presence of electronic noise, the signal-to-noise ratio of the acquired signal is low. Moreover, 

when the atomic numbers of the elements to be detected are relatively close, there will be overlaps 

between the corresponding characteristic X-ray peaks. Therefore, the process of processing the 

characteristic X-ray fluorescence spectrum is to filter the spectral lines and subtract the background 

background, and then separate the overlapping peaks of the acquired all-energy peak energy spectrum. 

2. Experimental Materials and Equipment 

Data measurements were performed using a small XRF analyzer based on a silicon drift SDD detector 

and Ag target X-ray tube excitation. The SDD detector used in this instrument has an energy 

resolution (FWHM) of 135 eV for Mn-Kα (5.90 keV). 

The test sample is from a high-nickel ternary sample (N7) mixture provided by a lithium battery 

cathode material manufacturer in Chengdu. The mass contents of Mn, Co, and Ni are respectively 

3.74%, 6.85%, and 51.71%. When measuring the sample to be tested with a small XRF analyzer, the 

tube pressure is set to 22keV, the tube current is set to 50μA, the filter used is 200μm aluminum foil, 

and the single measurement time is 200s.  

3. X-ray Fluorescence Spectrometry Analysis 

The X-ray fluorescence spectrum of the high-nickel ternary cathode material measured by the 

EDXRF analyzer is shown in Figure 1. The figure is an excerpt of the characteristic X-ray peaks of 

Mn, Co, and Ni, and the Mn Kα peak (5.898 keV), Kβ peak (6.490 keV), Co Kα peak (6.930 keV), 

Ni Kα peak (7.477 keV), Kβ peak (7.460 keV). Theoretical analysis shows that the Co Kβ peak (7.649 

keV) has similar energy to the Ni Kα peak, and is completely submerged under the Ni Kα peak in the 

energy spectrum, with a high degree of overlap, so it needs to be separated when analyzing the Ni Kα 

peak. 

In the process of recording characteristic X-rays with a silicon-drift SDD detector, a corresponding 

silicon escape peak appears, in which the silicon escape peak of the Ni Kα peak appears at the position 

of 5.737 keV, which is completely submerged under the Mn Kα peak. The molar content of Ni in the 

high-nickel ternary cathode material is about 14 times that of Mn, and the count of the Ni Kα peak is 

much larger than that of the Mn Kα peak. When analyzing the Mn Kα peak, the escape peak cannot 

be ignored. Separation of the silicon escape peak of the Kα peak is also essential.  

Observing the partial enlarged image, it can be found that there is a relatively obvious continuous 

background at the bottom of the all-energy peak, and there are also certain statistical fluctuations and 

electronic noise on the spectral line. Therefore, when analyzing the X-ray fluorescence spectrum of 

Mn, Co and Ni, the original spectral data needs to be filtered and background subtracted.  
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Figure 1. X-ray fluorescence spectrum of ternary cathode materials for lithium-ion batteries 

3.1 Background Deduction 

The previous energy spectrum analysis is directly processed by the algorithm in the original energy 

spectrum. Since the noise and background spread over the entire energy spectrum range, the process 

of filtering and background subtraction will inevitably process the valid information synchronously, 

resulting in the appearance of the acquired information. After years of development, researchers have 

used the idea of time-frequency conversion to convert the original data from time-domain signals to 

frequency-domain signals. In the frequency domain, the signal will be divided into a low-frequency 

background part, a high-frequency noise part, and a characteristic X-ray energy peak part with a 

frequency between the two. Since the three ranges rarely overlap, In energy spectrum analysis, only 

a part of the information can be processed by algorithm without affecting other parts. 

As a representative algorithm of time-frequency transformation, wavelet transform is the 

development and continuation of Fourier analysis idea. It has unparalleled advantages in describing 

the local characteristics of functions. The dual-domain nature of analysis and the extensive 

application are called "mathematical microscopes", which can realize signal analysis in both time and 

frequency domains at the same time[4-5]. The effect of wavelet transform depends on the choice of 

wavelet basis function. The selected wavelet basis function needs to have orthogonality, symmetry, 

compact support, regularity and suitable vanishing moment at the same time. Before energy spectrum 

analysis, use the coif3 wavelet basis function to perform wavelet transform filtering on the original 

energy spectrum, and use soft threshold for processing during decomposition. After reconstruction, 

the smooth filtered energy spectrum can be obtained as the data of subsequent background subtraction 

and overlap peak separation. 

Since the content of Ni is higher than that of Mn and Co, the count rate of the characteristic X-ray 

all-energy peak of Ni is 7-14 times higher than that of Mn and Co. In order to satisfy the energy 

spectrum analysis effect of characteristic X-ray all-energy peaks with different count rates in the same 

energy spectrum at the same time. Firstly, the LLS algorithm (formula 1) is used to transform each 

count of the energy spectrum. The operation of natural logarithm can compress the counting range 

and improve the calculation ability of high count rate spectral lines. The square root operation can 

information of extract weak peaks to improve resolution of low count rates and overlapping peaks. 

 

Y(i) = ln[ln(√𝑦(𝑖) + 1 + 1) + 1]                       (1) 

 

In the formula, i is the track address; y(i) represents the count of the original energy spectrum, and 

Y(i) represents the transformed value after LLS operation. 
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The transformed spectral data needs to undergo inverse LLS transformation to obtain the 

corresponding original data. The formula of inverse LLS transformation is as follows: 

 

B(i) = [𝑒𝑒
𝑌′(𝑖)

− 1]2 − 1                            (2) 

 

In the formula, B(i) is the background spectral data, and Y'(i) is the background data obtained under 

LLS transformation. 

3.1.1 SNIP Background Deduction Method 

Statistically sensitive Nonlinear Iterative Peak-clipping (SNIP) has excellent performance in 

background subtraction[6], but in terms of detailed description, the SNIP algorithm is largely affected 

by the peak width parameter , when the window width is fixed, the background deduction effect of 

the high-energy end and the low-energy end will be quite different. Long Bin designed an algorithm 

for adaptive transformation width, which makes the SNIP processing in the full spectrum range have 

good results[7]. 

The SNIP algorithm uses an iterative method to calculate Y1(i), Y2(i), ..., Ym(i) in turn. The iterative 

process is as follows: when the iteration reaches p times, by comparing the current Yp-1(i) and the 

size of the integral interpolation between Yp-1(i+p), Yp-1(i) and Yp-1(i-p), taking the smaller value 

of the two as the next iteration value. Yang Jin uses the idea of Simpson's algorithm to improve the 

iterative speed of the algorithm by improving the transformation function of SNIP[8]. The improved 

iterative formula is as follows: 

 

Y𝑝(i) = min{Y𝑝−1(i),
1

6
[Y𝑝−1(i + p) + 4 ∗ Y𝑝−1(i) + Y𝑝−1(i − p)]}            (3) 

 

In the formula, Yp (i) is the result of the p-th iteration, and Y(p-1) (i) is the result of the (p-1)-th 

iteration. 

Figure 2 shows the result of deducting the background from the smooth energy spectrum by the SNIP 

algorithm. After local amplification, it can be found that at the bottom of the characteristic X-ray 

peak, the shape of the calculated background spectrum basically conforms to the corresponding 

background characteristics, but at the nearby of the peak, there is a relatively obvious bulge in the 

background, which does not fully meet the characteristics of continuous and slow changes of the 

background. It will bring errors in the calculation of the area of the all-energy peak. 

 

 

Figure 2. SNIP background deduction 
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3.1.2 Background Subtraction by Wavelet Transform 

The Mallat algorithm, the tower multi-resolution decomposition and synthesis algorithm, plays an 

important role in the wavelet transform[9]. In each wavelet decomposition, the high-frequency detail 

components of the signal are retained, and only the low-frequency approximation part of the signal 

is re-decomposed. By convolving the corresponding filter with the signal to obtain the wavelet 

transform coefficients at different scales, the effect of rapid decomposition can be achieved. The basic 

formula of the decomposition is as follow:  

 

𝑐𝑗+1,𝑘 = ∑ 𝑎(𝑛 − 2𝑘)𝑛∈𝑍 𝑐𝑗,𝑛, 𝑘 ∈ 𝑍                          (4) 

 

𝑑𝑗+1,𝑘 = ∑ 𝑏(𝑛 − 2𝑘)𝑛∈𝑍 𝑐𝑗,𝑛, 𝑘 ∈ 𝑍                          (5) 

 

where c0 is the original data, a(n-2k) is the decomposition low-pass filter, and b(n-2k) is the 

decomposition high-pass filter. 

The basic formula for reconstruction is as follows: 

 

𝑐𝑗,𝑘 = ∑ 𝑝(𝑘 − 2𝑛)𝑐𝑗+1,𝑛𝑛∈𝑍 +∑ 𝑞(𝑘 − 2𝑛)𝑐𝑗+1,𝑛𝑛∈𝑍  , 𝑘 ∈ 𝑍               (6) 

 

in the formula, p(k-2n) is the decomposition low-pass filter, q(k-2n) is the decomposition high-pass 

filter. 

The filter in the Mallat algorithm is determined by the selected wavelet basis function. The coif3 

wavelet basis function is used to process the smooth energy spectrum, and the wavelet coefficients at 

different scales are obtained, corresponding to the background of the X-ray fluorescence spectrum 

and characteristic X-ray energy peaks. Among them, the low-frequency details at a higher 

decomposition scale are the continuous background under the full spectrum, and the corresponding 

background spectrum can be obtained after reconstruction[9]. 

The result of using the coif3 wavelet basis function is shown in Figure 3. The background after local 

amplification is a continuous and slowly changing curve, which conforms to the variation law of the 

scattering background in the full spectrum range. The resulting net counts of characteristic X-ray 

peaks are closer to the true counts. 

 

 

Figure 3. Wavelet transform background deduction 
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3.2 Overlapping Peak Decomposition 

According to the previous analysis, the silicon escape peak of Ni Kα peak and Mn Kα peak, Co Kβ 

peak and Ni Kα peak all have a high degree of overlap, and the least squares function fitting method 

is used to fit and decompose them. The key to fitting decomposition lies in the choice of peak function, 

which mainly includes Gaussian function, Galluna function, Weibull function, Log-Normal function 

etc. The shape of the characteristic X-ray energy peak in the commonly used energy dispersive X-ray 

fluorescence spectrum is Gaussian, so The Gaussian function was chosen as the peak shape 

function[10]. The fitting process is to find the function parameter value that best fits the characteristic 

X-ray peak. The main parameters of the Gaussian function include the maximum value, the center 

point, and the standard deviation. They are the maximum value, peak position and peak width of the 

characteristic X-ray peak. Through the analysis of a single element, the correlation peak information 

of the characteristic X-ray energy peaks corresponding to Mn, Co, and Ni is obtained, as the initial 

parameter of the fitting, and by constantly changing the size of the initial value, the fitted spectral line 

and the actual measured spectral line are obtained. The error is the smallest, and the parameter value 

at this time is the maximum value, peak position and peak width of the corresponding characteristic 

X-ray energy peak. 

Use Origin to fit the data after wavelet transform deducting the background, the selected function is 

Gussain, and the number of fitted Gaussian peaks is 7. The fitting results are shown in Figure 4 and 

Table 1, including the silicon escape peak of Ni Kα peak, the peak position, full width at half 

maximum, and peak height of 7 Kα peaks and Kβ peaks of Mn, Co, Ni, and the fitting degree is 

R2=0.9998, the obtained results can be used for quantitative and qualitative analysis. 

 

 

Figure 4. Omnipotent Peak Fitting Results 
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3.3 Results and Analysis 

Based on the high-nickel ternary material, the experiment uses the idea of incremental method to 

increase the content of a certain element by adding a single compound to study the change trend of 

the count rate with the content of the element. The increase of Mn and Co is the original content is 

3.3%, 6.6%, 10%, and the increase of Ni is 1%, 2%, 5% of the original content. When using EDXRF 

to analyze high-nickel ternary materials, the absorption enhancement effect between elements will 

affect the count rate of characteristic X-rays. Therefore, when analyzing the relationship between the 

characteristic X-ray net peak area and content of Mn, Co, and Ni , using the method of multiple linear 

regression to construct its working curve [11]. After theoretical analysis, binary linear regression was 

used for Mn and Co elements, and univariate linear regression was used for Ni element. The results 

of regression analysis are shown in Table 2. 

 

Table 2. Linear regression analysis of Mn, Co, Ni 

Element 
Recommended value 

(%) 

Analysis value 

(%) 

Absolute error 

(%) 

Relative error 

(%) 

Mn 

3.738 3.728 -0.010 -0.264 

3.861 3.874 0.013 0.332 

3.984 3.991 0.007 0.172 

4.112 4.102 -0.010 -0.238 

Co 

6.853 6.838 -0.015 -0.221 

7.077 7.109 0.032 0.446 

7.305 7.293 -0.012 -0.162 

7.537 7.532 -0.005 -0.060 

Ni 

51.709 51.703 -0.006 -0.012 

52.209 52.212 0.003 0.006 

53.244 53.253 0.009 0.017 

54.261 54.254 -0.006 -0.011 

4. Conclusion 

In the process of analyzing the EDXRF spectrum, the SNIP algorithm can basically describe the 

change of the background, but there will be small spikes in the background near the peak position, 

and the deduction effect of SNIP depends on the selection of the transformation width and is easily 

affected; Using wavelet transform to deduct the background, the high frequency and low frequency 

parts of the signal can be accurately separated, and the background spectrum more in line with the 

background characteristics can be obtained by reconstructing the low frequency part under the 

appropriate decomposition scale; In the process of energy spectrum fitting, the Gaussian function that 

conforms to the characteristic X-ray energy peak shape is used to describe, and the appropriate 

number of fitting peaks is selected for fitting, and finally, the silicon escape peak of the Ni Kα peak 

and the Mn Kα peak , the Co Kβ peak and the Ni Kα peak were accurately separated, and the overall 

fitting effect was good. When establishing the working curve of characteristic X-ray peak area and 

content of Mn, Co and Ni, the method of multiple linear regression was used to analyze the absorption 

enhancement effect between elements, and the content of Mn, Co and Ni was obtained through the 

established curve, and the average maximum relative error are respectively 0.332%, 0.446%, and 

0.017%. 
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Although the Gaussian function is used to accurately separate the information of the overlapping 

peaks, the edge position and shape of the characteristic X-ray peaks cannot be accurately described 

in the process of fitting, which brings certain errors to the experimental data. Therefore, in order to 

obtain with higher precision data, the follow-up research will establish a mathematical model of the 

boundary shape of the omnipotent peak. 
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