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APPLICATION OF X-RAY DIFFRACTION AND XPS SPECTROSCOPY 
FOR IDENTIFICATION OF MINERALS OF APATITE 

 
Industrial deposits of apatite ores in Ukraine are quite limited in distribution and are associated with 

carbonate and gabbroids of the Proterozoic age of the Ukrainian Shield [1]. In Ukraine they are represented 
by the following types: rare metal-apatite carbonatite and apatite-ilmenite-titanomagnetite 
gabbro-anorthosite [2]. 

Ukraine's current demand for phosphorus raw materials is estimated to be 6-7 million tons, [3] as for 
the conditioned apatite concentrate. This raw material is not mined in Ukraine, so it is mainly imported. It is 
astonishing that the largest country in Europe with enormous areas of chernozem and developed agriculture, 
with an annual demand (according to various sources) of 0.7-1.7 million tons of P2O5, must import apatite 
concentrate, phosphates and phosphate fertilizers, possessing phosphorite and complex apatite deposits, 
nor being properly exploited [3].  

The raw material resources of Ukraine originate from five regions of ilmenite-apatite that is - 
Kropyvnianske, Stremygorodske, Torchynske, Fedorivske (Zhytomyr region), Nosachivske (Cherkasy 
region); and two, where apatite is considered as anaccompanying mineral, one apatite-rare metal ore deposit 
- Novopoltavske (Zaporizhzhya region) and Davydkivske deposit (Zhytomyr region) and the apatite-ilmenite 
ore, where apatite is investigation the main mineral (Figure 1.) [1]. All deposits are multicomponent and 
during the investigation it is planned to recover all useful components. As besides to apatite, these deposits 
contain ilmenite, which is a critical raw material, as well as scandium and vanadium. 

 

 
Fig. 1. Map-scheme of location of apatite ore deposits (according to [1], with edits of the authors) 
 

In the study apatite was identified by X-ray diffraction and XPS spectroscopy. Based on the obtained 
diffraction pattern and diffraction database ICDD PDF4+2021, the identification of the crystalline phase 
present in the studied mineral was made. The XPS-spectroscopic tests were also c, which allow carried 
outed to determine the elemental composition of the test sample as well as the chemical bonds formed by 
the elements contained in the mineral. 
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Apatite is a mineral from the group of phosphates of the general chemical formula 
Ca5[(F,Cl,OH)(PO4)3. Depending on the elemental composition, there are: fluoroapatite - 3Ca3(PO4)2 
•Ca(F,Cl)2, hydroxyapatite - 3Ca3(PO4)2•Ca(OH)2 and carbonate apatite - 3Ca3(PO4 )2• CaCO 3 [4]. 

Apatite ores are an important source of phosphorus-containing raw materials [3], which are used as a 
raw material for the production of mineral fertilizers, feed as well as technical phosphates, yellow phosphorus 
and phosphoric acidin various industries, especially in chemical one [5].The results of diffraction tests are 
presented in Figure 2 and Table 1. 

 

 
Fig. 2. Powder radiograph of the apatite sample 

 
Table 1. Comparison of the obtained diffraction pattern with the diffraction database ICDD PDF4+2021 

No. Code Ref The name of the compound Chemical formula quantity [%] 
1 01-083-6195 fluoride phosphate Ca5(PO4)3F 100 

 
To identify the elemental composition and chemical bonds of the mineral sample, XPS spectroscopic 

tests were carried out using a multi-chamber UHV analytical system (Table 2). Tests showed the presence of 
carbon (25.5%), oxygen (38.4%), fluorine (2.6%), phosphorus (14.8%) and calcium (18.7%). 

 
Table 2. Identification of chemical bonds typical of apatite is determined on the basis of the XPS spectra 

made in a narrow range of binding energies 
Name Position % concentration of atoms Bonds 

P 2p 3/2 132.96 50.5 PO 4 
3- 

P 2p 1/2 133.82 49.5 PO 4 
3- 

1s A 531,26 90.51 P = O 
1s B 533,05 9.5 P-OH / PO- 

2p 3/2 347,29 51.12 CaO / CaCO 3 
2p 1/2 350,87  48.88 CaO / CaCO 4 

 
XRD and XPS tests revealed that the sample was fluoroapatite with the formula Ca5(PO4)3F. 
The use of X-ray diffraction and XPS spectroscopy to identify minerals on the example of apatite 

makes it possible to effectively isolate the highest quality apatite ores in order to provide the state with its 
own minerals. 
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