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ABSTRACT 

 
Powders of the U-Zr-Nb alloys are raw materials for obtaining plate-type dispersion fuel of high density and 
medium enrichment for research and test reactors as well as small power reactors. U-2.5Zr-7.5Nb and              
U-3Zr-9Nb (wt%) alloys, initially homogenized at high temperatures, were transformed at different phases by 
means aging heat treatments, and then comminuted by hydriding-dehydriding process to powder production. The 
phases transformations were obtained by the homogenization of the U-2.5Zr-7.5Nb and U-3Zr-9Nb alloys at 
high temperatures (1000 °C for 1 and 16 h), followed by aging heat treatment at 600ºC, in times of 0.5 h, 3.0 h 
and 24h, and subsequently quenched in water to stabilize the desired phase. The comminution process was 
performed at 200ºC for different times ranging from 20 minutes to 4 hours. The powders were then characterized 
by scanning electron microscopy, X-ray diffraction and determination of particle size distribution by means of 
laser equipment CILAS. One of the main objectives of this study was to verify the influence of the different 
phases in the characteristics of the obtained powders. It was found that alloys stabilized in gamma phase 
produced powders with smaller particles sizes than those with cellular structure of the α and γ phases. 
Regardless of retained phases, the produced powders consist of agglomerates with irregular morphology. 
 
 

1. INTRODUCTION 
 
The importance of studying the comminution process of uranium based alloys is that the 
resulting obtained powders are essential to be used in the manufacture of plate metal 
dispersion fuels [1,2].  
 
Addition of transition metals such as Zr, Nb and Mo to pure uranium allows maintenance of 
the metastable of the high temperature γ phase that offers good properties to the fuel elements 
[1-6]. In addition, the uranium alloys exhibit a typical metallic ductility that is difficult to 
transform them to powder by grinding as is the case of ceramic compounds or many 
intermetallic compounds. Processes to produce metallic powders by atomization, mechanical 
crushing and communition have been suggested in order to obtain U-Zr-Nb alloy powders 
[1,2,6-9]. The hydriding-dehydriding process is one of them and it is based on two premises. 
One is the occurrence that the property of uranium in the α structure to form UH3 under 
hydrogen atmosphere [7-11]. The volume change associated to the hydriding formation 
embrittles the material which turns into a powdered alloy. The other is due to event that the 
metastable γ phase of the uranium can be directly and massively solubilized with hydrogen 
and converts the alloy in a brittle structure by still unknown mechanisms, differently that was 
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initially accepted by some researchers [8-9]. The brittle compounds, in both cases, can be 
milled and dehydrided to obtain the powders needed for dispersion nuclear fuels [6,7,10-12].  
 
In this study, characterization of the morphology of the powders after complete hydrogen 
desorption was analyzed by scanning electron microscopy (SEM) and the phase 
determination was performed by X-ray (XRD). The particle size distributions were 
characterized by scattering laser beam of the powder dispersed into water by the equipment 
CILAS. 
 
 

2. EXPERIMENTAL 
 
2.1. Equipment  

 
The comminution of the alloys was performed in equipment using Sievert's method with 
computerized data acquisition that was developed and constructed at CDTN [7]. The 
equipment is based on direct detection of the hydrogen pressure in a closed system. 

 
2.2. Samples Preparation 

 
The starting materials are samples of a cast ingot of U-2.5Zr-7.5N and U-3Zr-9Nb in the form 
of coins that were subjected to the thermal treatment of homogenization, aging and water 
quenching. Initially, the samples were homogenized in two different thermal cycles 
maintaining the temperature at 1000 °C and varying the time homogenization in 1 h and 16 h. 
After these homogenizations, the samples were aged at temperature of 600oC for different 
aging times of 0.5, 3.0 and 24 hours and finally each sample were submitted to water 
quenching. 

 
2.3. Hydriding, Dehydriding and Passivation Processes 

 
The U-Zr-Nb alloys family can absorb hydrogen directly independently of the types of phases 
present unlike what initially supposed in the literature for the uranium based alloys [8-9]. 
Thus, the thermal treated samples were inserted into the Sievert equipment to obtain powder 
alloys for the purpose to study the effects of the thermal treatments in the U-Zr-Nb alloys by 
hydriding-dehydriding process. 
 
In each experimental run it was used sample with amount of 7g that was placed into furnace 
chamber under vacuum of about 1.10-5 torr. Then the temperature was raised up to the 
working range, typically around 200oC at heating rate of 10oC/min, in order to purge volatile 
impurities present on the surfaces of the sample and internal parts of the chamber. After 10 
minutes of purging the hydrogen gas under pressure in the range of 1.5 to 1.8 atm was 
introduced inside of the chamber. The end of hydriding process was determined on saturation 
of samples with hydrogen, i.e., on ceasing hydrogen absorption. When the temperature was 
cooled at room temperature, the sample was removed and then milled. Thereafter the milled 
sample was placed into the furnace that was reheating under vacuum at the rate of 10oC/min 
up to 400oC for the dehydriding process. As the dehydrided powder is pyrophoric this was 
passivated with a gas mixture containing 90% argon and 10% oxygen in a slowly and 
stepwise manner taking about 15 hours to be completed. 
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2.4. Characterization 
 

The morphology of the dehydrided powders was analyzed by scanning electron microscopy 
(SEM) and the presence of the phases was carried out by X-ray diffractometry (XRD). The 
particle size distribution were then characterized by scattering laser beam into the powder 
dispersed in water through the equipment CILAS.  

 
 

3. RESULTS AND DISCUSSION 
 
The uranium alloys compositions as well as the thermal treatments have been considered as 
factors that influence the characteristics of the powders obtained by hydriding-dehydriding 
process [7-12]. The uranium alloys could be comminuted independently of the phases present 
in the samples according to the literature [6,7,10-11] contrary what initially supposed by 
others authors [8,9].  
 
The XRD patterns that were shown in Figure 1 revealed the effect of the alloy compositions 
and thermal treatment on the phase transformations of the U-2.5Zr-7.5Nb and U-3Zr-9Nb 
alloys. In both alloys for aging time of 0.5h (Figure 1A) and 3h (Figure 1B) the γ cubic phase 
is still present indicating no significant phase transformations. Nevertheless, the XRD 
patterns for both alloys aged at 24h (Figure 1C) showed an advanced stage of phase 
transformation. The γ phase structure transformed almost completely in the pearlite-like 
constituent formed by alternate lamellae of γ and α phases.  
 
In Table 1 are presented the time of homogenization, aging and hydriding for both alloys 
where the following points can be noted: i) the lowest hydriding time was achieved for 
homogenization time of 16 hours and aging time of 0.5 and 3 hours; ii) the highest hydriding 
time was attained for homogenization time at 16 hours and aged for 24 hours; iii) a shorter 
hydriding time was achieved for samples homogenized at 16h and aged for 0.5 and 3 h 
comparing to samples aged for 24h .  
 
An unexpected behavior was observed for both alloys homogenized at 1000oC for 16h where 
the time of hydriding is lower for the smaller aging time while for the alloys homogenized at 
1000oC for 1 h, the time of hydriding is higher for smaller aging time. A possible explanation 
for this behavior can be the influence of time homogenizing into the characteristic of alloy 
microstructure which can modify the hydriding mechanisms. 
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Figure 1. XRD pattern of U-2.5Zr-7.5Nb and U-3Zr-9Nb alloys homogenized at 1h 

and 16h at 1000oC followed by aging at 600oC for 0.5h (A), 3.0h (B) and 24h (C). 

A 

C 

B 
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Table 1. Homogenization, aging and hydriding times. 

U-2.5Zr-7.5Nb alloy 
Homogenization time at 

1000 oC (h) 
Aging time at 600 oC (h) Hydriding time (h) 

1 0.5 2,5 
1 3 1,5 
1 24 1,7 

16 0.5 0,3 
16 3 0,7 
16 24 3,5 

U3Zr9Nb alloy 
1 0.5 2,5 
1 3 1 
1 24 1,7 

16 0.5 0,7 
16 3 0,8 
16 24 4 

 
 
 
In Figure 2 are presented SEM micrographs. The average particle sizes of the obtained 
hydriding-dehydriding powders are inserted in this figure.  
 
An examination of average particle sizes of U-2.5Zr-7.5Nb and U-3Zr-9Nb alloys shows that 
the powders obtained can be separated in two average particle size classes: one class for 
average particle sizes between 180 and 200 µm for samples aged at 600oC for 0.5 and 3 h and 
other class for average particle sizes greater than 220 µm for samples aged at 600oC for 24h.  
 
It can be verified that independently of the unexpected behavior of the aging time on the 
results of the hydriding time for the alloys homogenized at 1000oC for only 1h, the 
characteristics of the two classes of powder find in the experiments showed the same 
tendency at both time of homogenizing (1 and 16h). 
It can be observed for the time homogenizing of 1 h and 16h that independently of the 
influence of aging time on the hydriding time, the average particle sizes for both alloys have 
presented a similar behavior. 
 
Comparing the diffraction results (Figure 1) and the average particle sizes (Figure 2) it can be 
concluded, according with the used experimental conditions, that powders obtained with the γ 
phase alloys presented average particle sizes in the class of size between 180 and 200 µm and 
with perlite-like constituent containing α plus γ phases alloys showed average particle sizes in 
the class of size greater than 220 µm. Regardless of retained phases, the produced powders 
consist of agglomerates with irregular morphology. 
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U2.5Zr7.5Nb  
Homogenization at 1000oC for 1 h 
   

Aging:600oC/0.5h D = 193.7µm Aging:600oC/3h D = 186.8µm Aging:600oC/24h D = 236.0µm 
   

Homogenization at 1000oC for 16 h 
   

Aging:600oC/0.5h D = 180,3 µm Aging: 600oC/3h D = 189,8 µm Aging: 600oC/24h D = 224,5 µm 
U3Zr9Nb 

Homogenization at 1000oC for 1 h 
   

Aging:600oC/0.5h D = 190,0 µm Aging: 600oC/3h D = 200,1 µm Aging: 600oC/24h D = 220,5 µm 
   

Homogenization at 1000oC for 16 h 
   

Aging:600oC/0.5h D = 193.3 µm Aging:600oC/3h D = 190.8 µm Aging:600oC/24h D = 225.8 µm 
 

Figure 2. SEM micrographs of alloy powders inserted 
with average particle sizes for different heat treatments. 
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4. CONCLUSIONS 
 
 
This work shows that it is possible to obtain powders of the U-2.5Zr-7.5Nb and U-3Zr-9Nb 
alloys by hydriding-dehydriding process from the α and γ phases perlite-like structure as also 
from the single γ phase. It was also showed the influence of the heat treatment conditions and 
compositions of the alloys on the powder characteristics obtained by the comminution 
process. From the main experimental results obtained it can be concluded: 
 
- Both alloys homogenized at 1000oC for 1h and 16h, followed by aging at 600oC to 0.5h and 
3.0h, show the cubic γ structure indicating any phase transformation; 
 
- Both alloys homogenized at 1000oC for 1h and 16h, followed by aging at 600oC to 24h, 
show a completely transformed structure in the γ and α phases perlite-like structure. 
 
- The comminution process in the conditions used in this work was occurred at different times 
according the phase previously retained in the samples and, as a consequence, were obtained 
powders in two classes of size. Alloys aged at 600oC for 0.5h and 3h produced powders with 
particle sizes between 180 and 200µm, and also alloys aged at 600oC for 24h produced 
powders with particle sizes greater than 220µm. Regardless of retained phases, the produced 
powders consist of agglomerates with irregular morphology 
 
- The samples aged at 600 °C for 0.5 and 3h homogenized at 1000 °C in a high time (16h) 
was taken less time to hydriding than samples homogenized in a shorter time (1h). The 
opposite happens with the samples aged 24h at 600 °C, in this case, the samples homogenized 
at 1000 °C in shorter time (1h) was taken less time to hydriding than samples homogenized in 
higher time (16h). 
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