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ABSTRACT 

 
The characterization of nuclear fuel is of great importance to minimize the effects related to burnup and 

temperature and to achieve stability during in-core operation. The understanding the U-O system and its 

thermodynamic properties has fundamental importance in nuclear industry. Many physical properties of UO2 ± x 

depend on the ratio O / U, such as the electrical conductivity and thermal properties, as well as the diffusivities 

of its constituents and solutes. The U-O system presents various oxides such as UO2 ± x, U4O9, U3O8, and UO3. 

The control of the O/U relation is critical to the manufacturing process of UO2. In this work, the infrared 

spectroscopy was used to identify the presence of phases in UO2 powder samples that cannot be identified by 

thermogravimetry and X-ray diffraction. 
 

1. INTRODUCTION 

 

The uranium dioxide, UO2, is the material used as fuel in nuclear power reactors, such 

as those installed in Brazil. This ceramic material has good mechanical and thermal stability, 

good thermal conductivity and provides high density of uranium in nuclear reactor core. 

However, the uranium-oxygen system has several oxides such as UO2 ± x, U4O9, U3O8 and 

UO3. X values are tolerated in a very narrow range in the core of a nuclear reactor and the 

presence of other uranium oxides are undesirable because they are polymorphic and decrease 

the thermal conductivity of the fuel. Moreover, the presence of other phases in the UO2 

powder can affect the properties of the sintered ceramic, such as microstructure and density. 

The control of the ratio O/U is critical in the manufacturing process of UO2. It is usually done 

by gravimetric methods, which cannot determine the presence of phases such as U4O9 or 
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U3O8. The X-ray diffraction can identify the presence of these phases. However, this analysis 

is time consuming and difficult to interpret, especially for relations O/U close to 2 [1]. 

The Fourier transform infrared spectroscopy (FTIR) can identify the presence of the 

phases UO2, U4O9, U3O7, U3O8 and UO3 based on the characteristic absorption bands in the 

region between 200 and 1000 cm
-1

 [1 - 5]. Due to its experimental easiness and low cost, this 

technique may be useful to supplement the information obtained by gravimetric methods and 

be incorporated as a routine analysis in quality control of a manufacturing process of UO2. 

In this work, the absorption spectrum in the infrared region at low temperature for a 

UO2 powder was investigated in the region between 500 and 4000 cm-1. 

 

2. EXPERIMENTAL 

 

The UO2 powder was weighed on an analytical balance (precision 10
-4

g) and then 

ground with spectroscopic grade KBr in an agate crucible to obtain a homogeneous mixture. 

Both the UO2 powder as KBr were dried in air at 120 °C for 2 hours. The mixture was 

pressed between 4 and 8 ton.cm
-2

 for 2 minutes in the form of 10 mm in diameter disks. Each 

disk contained about 75 mg of UO2 and 200 mg of KBr. 

A spectrometer FTIR BOMEN model MB102 equipped with a cooling system of Eurotherm 

2216e Specac with KBr windows was employed. The discs were placed on the specimen 

holder of this system, evacuated for 10 minutes and then cooled with liquid nitrogen to 113 K 

to obtain a better differentiation between the absorption bands. The spectra were obtained in 

the range from 400 to 7000 cm
-1

 with a resolution of 4 cm
-1

 and 256 scans. 

 X-ray diffractograms of the disks used to obtain the FTIR spectra were obtained using 

the diffractometer model D / MAX Rigaku the LAST, with θ-θ goniometer and X-ray tube 

Copper Analysis Laboratory of the X-ray CDTN. The identification of mineralogical phases 

was obtained by comparison with the reference database of ICDD - International Center for 

Diffraction Data.  
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3. RESULTS AND DISCUSSION 

 

Figure 1 shows some typical FTIR spectra. Note the bands in the range between 500 

cm
-1

 and 1000 cm
-1

. Since the spectra were obtained at low temperature, the location of 

the bands may be shifted up to 15 cm
-1

 compared to measurements made at room 

temperature. The bands in the range between 1310 cm
-1

 and 1860 cm
-1

 are probably due 

to harmonic series of bands observed below 1000 cm
-1

. The broad band at 3000 cm
-1

 

and 3650 cm
-1

 was attributed to the presence of water adsorbed on the surface of the 

dust particles of UO2, which is only released at temperatures above 400 °C. 

 

Figure 1  FTIR absorption spectra of UO2 pellets (A, B e C). 

 

 

Wavelength (cm
-1

) 
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Figure 2 FTIR absorption spectra of UO2 pellets (A, B e C)  

expanded the range of (500 e 1 000) cm
-1

. 

 

Band (cm
-1

) Attributed to Reference  

450 U4O9 (ALLEN, et al., 1994) K4 K5 

624 
UO2+x>0,142 (KIM, et al., 2009)  

B C K1 K2 K3 UO3 (ALLEN, et al., 1994) 

638 U3O8  (ALLEN, et al., 1994) K1 K4 K5 

673 
U3O7 e U3O8 (ALLEN, et al., 1994) B 

U3O8 (ALLEN, et al., 1976) 

708 UO3 (ALLEN, et al., 1994) A B C 

735 U3O8 (KIM, et al., 2009) K4 K5 

842 UO3 (ALLEN, et al., 1994) A 

897 U3O8 e UO3 (ALLEN, et al., 1994) A 

910 U3O8 e UO3 (ALLEN, et al., 1994) A B C 

943 U3O8 e UO3 (ALLEN, et al., 1994)  B C 

Table 1 Bands observed in the FTIR spectrum of the UO2 powder. 

Wavelength (cm
-1

) 
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Figure 3 shows the X-ray diffractograms of discs UO2 powder and KBr whose FTIR 

spectra are shown in Figures 1 and 2. In X-ray analysis the presence of other phases in 

addition to UO2 was not detected. In fact, it is not easy to distinguish between a solid solution 

of oxygen in a mixture of UO2 and UO2 and other oxides UO system, due to similarities 

between the XRD patterns, especially U4O9. 

 

Figure 3  Standard X-ray diffraction. 

 

On the other hand, infrared spectroscopy is very sensitive to the presence of different 

phases of the system U-O. Due to the experimental facility and its low cost, this technique 

can be easily incorporated into routine quality control of the manufacturing process of UO2. It 

can provide important information complementary to thermogravimetric analysis, usually 

used for the determination of the O / U in control of the manufacturing process of UO2. In 

order to reaffirm this information, a second analysis of heat treated dust-grain UO2 pellets 

was made and the results are presented below. Figure 4 shows the spectra obtained from 

samples K1, K2, K3, K4 and K5 (moved in the vertical direction for clarity). As for the 
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powders, broad bands between 3000 cm 
-1 

and 3650 cm
-1

 were obtained attributed to the 

presence of water adsorbed on the surface of the particles of UO2. The bands that appear 

between (500 and 1000) cm
-1

 are identified in Table 1 with a possible displacement of 15 cm
-

1
 due to the fact that the measures were made at low temperature. 

 

Figure 4  FTIR absorption spectra of UO2 pellets (K1, K2, K3, K4 e K5). 

 

The K2 and K3 samples showed bands at about 624 cm
-1

, which according to [2], 

represent the presence of UO 2 + x> 0.142 and, according to [3] represent the presence of 

UO3. As expected, according to [2], samples K4 and K5, which underwent oxidation, 

have characteristic spectra of U3O8, as there is in the range of (715-728) cm
-1

 and has a 

shoulder at 800 cm
-1

. The samples K1, K2 and K3 showed a band at about 638 cm
-1

, 

which is characteristic of U3O8 (it appears due to oxidation with air). Figure 5 shows the 

expanded spectrum in the range between (400 and 1000) cm
-1

.  

Wavelength (cm
-1

) 
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The Figures 6 to 10 show the X-ray diffractograms of powder with grain UO2 whose 

FTIR spectra are shown in Figures 4 and 5. In X-ray analysis of samples K1 and K2 were 

found only the presence of UO2, while K3 has been detected in the sample UO2, 25, and the 

samples K4 and K5 was detected the presence of U3O8. 

 

 

Figure 5  FTIR absorption spectra of UO2 pellets (K1, K2-200 °C by 30min, K3-300 °C by 30 

min, K4 - 400°C by 30 min e K5 - 500°C by 30 min)  expanded the range between 400 cm 
-1

 and 

1000 cm
-1

. 

Wavelength (cm
-1

) 
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Figure 6 Standard X-ray diffraction of the sample of UO2 (K1) and XRD pattern of the database 

Crystallographica Search-Match. 

 

 

Figure 7 Standard X-ray diffraction of the sample of UO2 (K2) and XRD pattern of the database 

Crystallographica Search-Match. 
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Figure 8 Standard X-ray diffraction of the sample of UO2 (K3) and XRD pattern of the database 

Crystallographica Search-Match. 

 

 

Figure 9  Standard X-ray diffraction of the sample of UO2 (K4) and XRD pattern of the database 

Crystallographica Search-Match. 
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Figure 10  Standard X-ray diffraction of the sample of UO2 (K5) and XRD pattern of the database 

Crystallographica Search-Match. 

 

The analyses carried out by FTIR characterization suggest that it is effective in the 

study regarding the analysis of qualitative identification of phases of the system O-U. 

3. CONCLUSIONS  

 

FTIR absorption spectra obtained in the range between 500 and 4000 cm
-1

 of a UO2 powder 

revealed the presence of water adsorbed on the particles of UO2 and UO2 + x phase, and UO3 

U3O8. The X-ray diffraction obtained on the same samples revealed only the presence of UO2 

phase. FTIR spectroscopy is very sensitive for detecting the phases of the system UO and can 

provide important additional information to thermogravimetry, usually used for the 

determination of the O / U for the control of the manufacturing process of UO2 used as 

nuclear fuel.Although the X-ray diffraction has not been able to identify other phases in the 

samples of UO2, spectroscopy in the infrared region was sensitive to the presence of these 

phases. It is suggested that this technique because of its ease experimental, is developed as a 

routine characterization of UO2, in order to supplement the information provided by 

thermogravimetry and X-ray diffraction. 
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