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Abstract 

This paper mainly introduces the application of X-ray fluorescence(XRF) in iron ore, the 
basic principle of X-ray fluorescence spectrometry, the sample preparation method and 
analysis method of EDXRF in iron ore analysis, as well as the application development 
and future prospect of EDXRF in iron ore. 
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1. Introduction 

With the rapid development of iron and steel industry and the rapid development of research 
and application of iron ore, there is an urgent need for an analytical method that can accurately 
and quickly determine various elements in rare earth products. X-ray fluorescence 
spectrometry (XRF) has the characteristics of simple spectral line, less interference and good 
stability. It has become an important means of rare earth element analysis. EDXRF is widely 
used in all aspects because of its short analysis time and low cost. 

2. Application of EDXRF in iron ore 

With the development of science and technology, especially the rapid progress of data 
processing technology, all kinds of analytical instruments are moving towards intelligence, 
miniaturization and portability. As an important raw material of iron and steel industry, iron 
ore plays an important role in the national economy. The world is rich in iron ore resources, 
but the global distribution is uneven. The identified rich iron ore resources are mainly 
concentrated in Australia, Brazil, India, Guinea, South Africa and other countries. Although 
China's iron ore output continues to grow, most of them have low grade and few rich ores, 
which can not meet the demand of China's iron and steel production. Therefore, China attaches 
great importance to the exploration, import and intensive and economical utilization of high-
grade iron ore resources. With the continuous development of modern steel-making industry, 
the requirements of blast furnace ironmaking on raw materials are also increasing. Blast 
furnace ironmaking not only has certain requirements on the grade of ironmaking raw 
materials(TFe), but also has high requirements on elements such as Ca, Si, Al, Mg, S and P. 
Therefore, how to accurately measure the content of various elements in sinter has become one 
of the factors to improve the quality of sinter. Traditional iron ore analysis usually adopts wet 
analysis, which has long analysis cycle, cumbersome operation and high cost. With the 
development of X-ray fluorescence spectrum analyzer and detection technology, XRF has been 
widely used in the detection of iron ore with its fast, effective, accurate and highly automated 
multi-element analysis method.[1-3] In recent years, the application of EDXRF instrument in 
multi-element analysis of iron ore has started. Good results have been obtained by using 
powder tablet to determine multi-elements including iron in iron ore. This result is of great 
significance. EDXRF is faster, more economical and more convenient than WDXRF. It may be a 
good start for rapid on-site analysis of iron ore.[4,5] 
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3. Basic principle of XRF spectral analysis 

The detection principle of X-ray fluorescence spectrometry is that the absorption of X-ray 
intensity of the tested sample changes with the properties and content of the tested 
components in the sample, which is used as the basic basis for qualitative or quantitative 
analysis. The nucleus and the electrons moving at high speed outside the nucleus together 
constitute the stable phase state of the atom. The extra nuclear electrons of different elements 
run on their own fixed orbits with their own unique energy. When the primary X-ray with 
sufficient incident energy irradiates the sample to be tested, the electrons in the k-layer, L-layer 
and other inner layers of the atom obtain sufficient energy, so as to break free from the bondage 
of the previous orbit and release, so the electron shell generates a corresponding electron 
vacancy, and the electrons on the high-energy electron shell will transition to fill the electron 
vacancy. The energy of different electron shells of an atom is different, and the energy of the 
electron shell farther away from the atomic nucleus is also greater. After the electron transition, 
the energy is released in the form of X-ray fluorescence, which is equal to the energy difference 
between the electron shells. The schematic diagram of X-ray fluorescence generation is shown 
in Fig1. 

 
Fig1. Schematic diagram of X-ray fluorescence generation 

The intensity of X-ray fluorescence of different elements is not only closely related to the energy 
and intensity of the excitation source, that is, the intensity of X-ray fluorescence increases with 
the increase of X-ray tube voltage, but also related to the content of the element in the measured 
sample. This is the theoretical basis for quantitative calculation of elements, so as to establish 
the quantitative relationship model between XRF spectral intensity and element content. 
Quantitative analysis is a method to establish a mathematical model based on statistical data, 
and use the mathematical model to calculate the indexes and values of the analysis object. 

4. Principles of qualitative and quantitative analysis 

In 1913, the famous British physicist mosele studied the properties of characteristic X-ray 
fluorescence emitted by different elements on the basis of his experimental results, and 
determined the relationship between characteristic X-ray fluorescence frequency and atomic 
number of elements, that is, characteristic X-ray frequency of each element(υ) It has a specific 
relationship with its atomic number(Z), as shown in formula(1). This is the famous "Moseley's 
law", which shows that the characteristic X-ray spectrum of elements in XRF spectral analysis 
can be used as a kind of fingerprint identification information.[6] 

√𝜐 = 𝑄(𝑍 − 𝜎)       (1) 

Where υ is the frequency of characteristic X-ray fluorescence, υ=1/λ, Q is a constant, Z is the 
number of charges, σ Is the shielding constant, (z-σ）is the concept of effective charge number. 
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Each element has its own series of characteristic X-ray fluorescence spectra, such as Kα、 Kβ or 

Lα、 Lβ、 Lγ, etc. The relative positions of K-series and L-Series spectral lines are qualitatively 
analyzed. At the same time, the relative content of the element can also be calculated according 
to the fluorescence intensity of the element characteristic peak. The irradiation rate intensity 
of the element characteristic spectral line in the sample will increase with the increase of the 
content. The relative content of the element(Ii) can be obtained by calculating the irradiation 
rate intensity(Ii) of the characteristic spectral line in the component(ωi), formula(2) is as 
follows: 

𝐼𝑖 =
𝐾𝑖𝐼𝑖0

𝜇0+𝜇𝑥
∙ 𝜔𝑖       (2) 

Using XRF for quantitative analysis, sample preparation and data processing will directly affect 
the accuracy and accuracy of element quantitative analysis. Particle size effect and mineral 
effect are two important aspects of matrix influence in XRF analysis. Appropriate sample 
preparation method can improve the accuracy of element quantitative analysis. For iron ore, 
the common sample preparation methods include melting sample preparation method and 
powder tablet preparation method. 

4.1. Melting sample preparation method 

The sample is melted and diluted by melting method, and the glass sample is prepared, which 
can effectively eliminate the influence of mineral and particle effect in fluorescence analysis, 
reduce the influence of matrix, and greatly improve the accuracy of fluorescence analysis.[7,8] 
Gao Xinhua et al.[9] used mixed flux melting to prepare samples, proposed for the first time to 
use Co as the internal standard of TFE and the empirical coefficient method to correct the 
matrix effect, and analyzed the primary and secondary elements in a variety of iron ores. The 
analysis results show that the method used is reliable, but the relative standard deviation of 
TFe element is still large. In 2000, Liang Pengshan et al.[10] used a single reagent Li2B4O7 to melt 
the sample with the same dilution ratio, but improved the adding method of Co powder. The 
original direct adding method was changed to melting the flux and high-purity cobalt oxide 
powder in the ratio of 10:1, then crushing it into uniform powder, and then adding it, which 
solved the problem of poor reproducibility of the sample. Using ARL9400 single channel 
scanning instrument, The feasibility of correcting matrix effect by Co internal standard and 
empirical coefficient method is verified again, and satisfactory results are obtained. Wang 
Dequan[11] used a single reagent Li2B4O7 to melt the sample, the dilution ratio was 1:10, and the 
Fe element selected RHC line as the internal standard and the empirical coefficient to correct 
the matrix effect. The method experiment of iron concentrate powder was carried out on 
panaco PW4400 instrument, which also achieved satisfactory results and met the requirements 
of daily analysis of metallurgical enterprises. 

4.2. Powder compression sample preparation method 

For many years, the analysis of elements in geological materials has been based on powder 
tablet preparation.[12-15] In 1990, Xu Chengmin et al.[16,17] first discussed a new method for the 
determination of primary and secondary elements of imported iron ore by using powder tablet 
preparation and XRF. Through the reproducibility test of the fusion sample preparation and 
powder compression sample preparation of Hamersley iron ore samples with different particle 
sizes, it is found that the non-uniformity of fusion still exists, while the standard deviation of 
the 200 mesh sample compression sample preparation is similar to that of the fusion 
preparation. the same. Therefore, it can be considered that samples above 200 mesh can meet 
the precision requirements of chemical analysis and testing. In 2017, Qi Yun[18] and others 
conducted the sample particle size test again. After tablet preparation, the main element TFe 
was used as an example for XRF measurement. After chemical method verification, after the 
sample particle size was less than 0.074mm (200 mesh), the results were stable and stable. 
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close to the sample comparison results. In this study, the influence of the absorption 
enhancement effect between elements was eliminated by the method of matrix correction. Once 
the method is established, the sample pretreatment is simple, the analysis period is short, and 
multiple elements are determined simultaneously, which is especially suitable for iron and steel 
enterprises that require a large number of samples to analyze and fast analysis speed. Shi 
Lihua[19] and others discussed the application of X-ray fluorescence spectrometry in the 
analysis of iron ore in my country, and the determination process and matrix calibration of the 
powder tablet method, the selection of the type of flux in the melting method, the amount of 
flux added and the internal standard elements. selection is discussed. In 2014, Min Hong [20] 
conducted a comprehensive analysis and elaboration on the current detection methods of TFe 
content in iron ore, including chemical analysis method, instrumental analysis method and 
microtitration method, and analyzed the determination of TFe content in iron ore. The 
development and improvement of the commonly used instrumental analysis method and X-ray 
fluorescence spectrometry provides a reference and basis for the further development and 
improvement of the new method for the detection of TFe content in iron ore. This shows that 
for the simultaneous analysis of multi-elements of iron ore, the application research of powder 
tableting method also has a good application prospect.  

5.  Processing of data 

The initial X-ray fluorescence quantitative analysis mainly used experimental calibration 
methods, mainly including internal standard method, external standard method, incremental 
method, scattering line standard method, direct measurement of mass attenuation coefficient, 
etc. However, with the continuous progress of industrial technology and the expanding 
measurement requirements, these methods can no longer meet the needs of scientific and 
technological development. And because of the emergence and popularization of computer 
technology, it also provides a good foundation and conditions for the processing of 
experimental data and the study of matrix correction mathematical models. Among them, the 
more important methods are Beattie-Brissey equation, Lachance-Trailll equation, Lucas-Tooth 
equation, Claisse-Quintin equation, de Jongh equation and Rasberry-Heinrich equation.[21-23] In 
recent years, a variety of algorithms have been developed for the analysis of energy spectrum, 
such as genetic algorithm, neural network, wavelet analysis, Kalman filter, Mento Carlo 
simulation, intelligent expert system, etc., which have been used in fluorescence spectrum 
analysis.[24-26] 

5.1. Filtering 

Due to the inherent statistical fluctuations in rays and detectors, and the influence of electronic 
noise, the spectral data obtained by the instrument has a lot of noise. In severe cases, weak 
peaks may be lost, false peaks or peak net area errors during peak searching. Therefore, the 
spectral line smoothing method must be used to remove or suppress these noises, and it is 
required that the smoothed spectral lines retain various features in the spectral lines before 
smoothing as much as possible, and the shape and area of the peaks should not change too much. 
The most direct method is the moving average method, which replaces the count value of the 
channel with the average value of the channels on both sides of a channel. This method, 
although simple, can sometimes lead to waveform distortion. Savitsky-Golay polynomial filter 
is another classic denoising algorithm, based on the idea of polynomial fitting, its biggest 
advantage is that it can maintain the characteristic signal of the original signal, such as the 
maximum and minimum values. Azami[27] processed the fitting data and experimental data 
respectively with these two methods, and found that there is no phenomenon of spectral peak 
drift after denoising. Although the moving average method is simple and fast, the smoothing 
effect is not as good as that of the Savtisky-Golay filter. Using the Savitsky and Golay polynomial 
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least squares method for spectral line smoothing requires appropriate selection of the number 
of points on both sides of the processing point and the degree of polynomial, which requires 
high data processing experience, and too many smoothing times will affect the original 
spectrum. Using wavelet transform theory to smooth the spectral lines can achieve better 
results. The wavelet transform projects the signal into different frequency subspaces, and uses 
the threshold and other forms to process the wavelet coefficients to filter out the high-
frequency component coefficients, and then restore the signal. A smooth curve can be obtained. 
Xue Xiangming et al.[28] used wavelet transform to decompose the signal when analyzing the 
copper-zinc alloy Cu401 sample, and used soft threshold to process high-frequency coefficients. 
After reconstruction, noise can be effectively removed, and the smoothing effect is better than 
the five-point moving average method, especially in weak peaks. It can better reflect its 
advantages. Liang et al.[29,30] compared the denoising of the wavelet transform method and the 
Fourier transform denoising in terms of energy ratio, standard deviation and smoothness, and 
proved the superiority of the wavelet transform method. 

5.2. Background deduction 

Due to the interaction between X-rays and matter, such as coherent scattering, incoherent 
scattering, Compton scattering, etc., the all-energy peaks of characteristic X-rays are 
superimposed on a certain background, and it is necessary to obtain the accurate net peak area 
of the all-energy peaks of the measured elements. The background must be deducted. Zhang et 
al.[31] proposed a background subtraction method based on the combination of Fourier 
transform and SNIP, which makes the FWHM independent, can automatically subtract the 
background and keep weak peaks, and successfully applied the method to X-ray tube as the 
excitation source energy spectrum processing. Omer et al.[32] used the SNIP algorithm to deduct 
the background, and believed that when the value of the clipping window is between FWHM 
and FWTM, the deduction of the background is the most effective and can improve the 
resolution by 50%. The actual spectrum can be seen as a higher frequency all-energy peak 
superimposed on a lower frequency background. The background obtained by the wavelet 
transform method is closer to the actual background than that obtained by the curve fitting 
method, especially for binary systems and Multivariate system, the wavelet transform method 
is more accurate. Hu et al.[33] used the complex wavelet designed by Daubechies to remove the 
background of the simulated spectrum and the actual spectrum, and proved that its effect is 
better than that of the real wavelet. Kessler[34] proposed a method using multidimensional 
wavelet filters to achieve accurate spectral resolution and quantitative analysis without using 
pure background samples. Fang Yong et al.[35] combined the wavelet transform method with 
the peak clipping method to analyze the elements such as Cu and Ni in the standard sample of 
zinc cupronickel(GBW020104) and nickel-copper standard sample, and compared with the 
Top-Hat filter method. The bottom is more consistent with the original spectral line. 

5.3. Decomposition and peak finding 

In the process of qualitative analysis, due to the complexity of EDXRF spectrum, including the 
influence of background and overlapping peaks, the elements contained in the sample can only 
be determined by accurately finding the position of all peaks in the spectral line and through 
the correspondence between the channel address and the energy. The most direct method is 
the quadratic differentiation method, and the first-second derivative of the spectral line is 
filtered by the Savitsky and Golay filters, and the peak position is obtained according to the 
method of finding the maximum value. Another method convolves the original spectral line 
with a filter that approximates the peak shape to highlight the peak, which can accurately find 
the peak position and effectively suppress the background. This type of filter commonly used 
zero-area filter, top-hat filter is a typical representative. However, this method has strict 
requirements on the matching of the central window and side window width of the filter with 
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the original spectrum. Improper value selection will reduce the ability of peak seeking and 
background subtraction. Wavelet analysis has the characteristics of multi-scale analysis and 
can accurately reflect the mutation signal in the spectrum. The wavelet discrete approximation 
of a certain decomposition scale can reflect the local characteristics of the spectrum, and can 
perform time-frequency localized analysis on overlapping signals. Based on this, the use of 
wavelet transform methods for peak finding is particularly advantageous. Luo Jian-ming[36] 
successfully used wavelet transform to decompose overlapping peaks and analyzed Mn and Fe 
elements in six standard samples of GSD-5, GSD-10, GSD-11, GSD-12, GSD-14 and GSD-1a. The 
results showed that The peak area and actual content of the two elements maintained a linear 
relationship. Wang Ying et al.[37] used the second-order spline wavelet convolution peak 
splitting method to convolve the second-order spline wavelet with the signal, and processed 
the simulated signal and the experimental signal, which could achieve the separation of 
overlapping peaks, and proved theoretically. The peak position remains unchanged after 
convolution and the ratio of peak widths can be calculated.  

5.4. Extraction of fluorescence intensity 

The element content in the sample has a linear relationship with the corresponding count of 
the corresponding characteristic peak. In EDXRF analysis, the fluorescence intensity can be 
obtained by calculating the peak area, and then the element content can be obtained. With the 
development of computing technology, the function fitting method is usually adopted. The 
function fitting method is to describe the spectral peak with a characteristic function, find out 
the characteristic parameters of the function through the least squares fitting, and then 
integrate the characteristic function in the left and right boundary interval of the spectral peak, 
and then obtain the spectral peak area. . The fitting algorithm is often based on the Marquardt-
Levenberg(M-L) algorithm, which is accurate and fast when the selected model is complete. 
However, the ML method cannot accurately fit all peaks, so Brunetti et al.[38,39] proposed a peak 
fitting algorithm based on genetic factors to analyze soil samples(IAEA Soil-7) and thin glass 
membrane standard samples(Elements such as Si, K, Ti, and Fe in NBS SRM 183 XRF standard), 
the results are more accurate than the ML algorithm. After that, a fast and fine-grained genetic 
algorithm is used to fit the spectrum, which overcomes the problem that the convergence speed 
is slower than that of the M-L algorithm. 

6. Summary 

After continuous practice and research by analysts, XRF method can simultaneously analyze 
multiple elements in samples, and has become one of the most important analytical methods 
for iron ore analysis. Among them, the EDXRF analysis technology of powder pressing and 
sample preparation has the advantages of environmental protection, low cost, rapidity and 
accuracy in the analysis of iron ore samples. And in energy spectrum processing, wavelet 
algorithm, neural network and artificial intelligence algorithm have been applied more and 
more with their superiority, which is a hot direction of EDXRF algorithm research, and will 
definitely make a breakthrough in spectral processing technology. sexual progress. With the 
growth of society's demand for the environment, EDXRF technology will certainly have a 
broader development prospect. 
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