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ABSTRACT 

 
A comminution process by hydriding-dehydriding method was developed at CDTN-Centro de Desenvolvimento 

da Tecnologia Nuclear with the purpose of obtaining plate type nuclear fuel. This fuel requires the use of 

metallic uranium and its alloys in form of powders. This comminution process was performed based on a 

Sievert system. Initially this system was controlled and monitored by a computer program developed in Turbo 
Pascal language. In order to improve the control of the comminution process, a new program was developed in 

LabVIEW platform. This paper presents a description of this new program and the main aspects of the operation 

of the system. The more accurate monitoring and controlling of the various stages of the comminution process 

as well as greater flexibility in the choice of input data, real-time graphics, generation of reports and a reduction 

of time passivation were achieved. 

 

 

1. INTRODUCTION 

 

The comminution of metallic uranium and its alloys by hydriding and dehydriding technique 

is a process that transforms metallic uranium into a powder, in a safe and practical way [1-5]. 

Process parameters such as the amount of sample, the pressure, temperature and the time, 

must be precisely controlled in order to obtain a passivated powder since uranium is 

pyrophoric. 

 

It was developed at CDTN’s Nuclear Fuel Laboratory a Sievert-type system to produce 

powder by hydriding-dehydriding process, as schematically shown in Figure 1, consisting of 

a tubular furnace with controller, a vacuum system, valves, thermocouples interface, 

computer unit and gas cylinders. For data acquisition and control of the comminution process 

it was developed at CDTN a program in Turbo Pascal language with a program window 

presented in Figure 2. 
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Figure 1. Scheme of the Sievert-type system 

mounted at CDTN for comminution of metallic 

uranium and its alloys. 

 

 

 

 

Figure 2. Program window developed in Turbo 

Pascal language. 
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The comminution process is divided into three stages [1-5]: hydriding, dehydriding and 

passivation. On hydriding, the sample is heated under vacuum to the desired temperature, 

usually 180°C. After stabilization at this temperature, it is allowed the hydrogen inlet in the 

system which causes the formation of hydrides and the fragmentation of the metallic uranium 

(or uranium alloy). In dehydriding step the temperature is maintained at 400°C under a 

vacuum of 10
-5

 Torr and in the passivation step the sample is maintained at room temperature 

under atmosphere of argon with 10% oxygen. The passivation step is necessary to prevent 

pyrophoric events of the uranium powder. 

 

This work aims to present the improvements for data acquisition and controlling of the 

Sievert's type hydriding and dehydriding system based on LabVIEW programming language 

(Virtual Instrumentation Engineering Workbench) developed at CDTN. 

 

 

2. MATERIALS AND METHODS 

 

The development of the program to improve the automation of the Sievert's type hydriding 

and dehydriding system was done in LabVIEW platform which is an environment for 

developing a visual programming language created by National Instruments [6]. 

 

First it was performed an analysis of the old program developed in Turbo Pascal language [1] 

by means the running of this program to understand and identify their operation mode. 

Several follow-ups of the old system operation were conducted to identification the points 

that would be improved with the new program.  

 

To support the development of the LabVIEW program a bench test electronic device for 

simulating the pressure in the hydriding and dehydriding system was constructed. This 

pressure is the main variable of the whole process. This device was made in a protoboard, 

using a PIC-12F683 microcontroller, a display model 3130 of Nokia and programming in C 

language, as shown in Figure 3. 

 

 

 

 

Figure 3. Electronic device to simulate the 

pressure of the system in bench tests. 
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3. RESULTS 

 

The development of the program was done in various phases. The first phase was dedicated 

to the process execution steps of hydriding, dehydriding and passivation. The subsequent 

phases were related to the analyzing and data acquiring. 

 

The new screen of the program is friendly and it is easy to manage while running the 

experiment. Many versions were done to correct mistakes allowing the operator to return the 

previous version. In the latest version, the operator was quickly able to access and stop the 

running program in all stages of comminution process whenever necessary. The program 

always updates the data of temperatures and pressures regardless of the progress of the stage 

of the comminution process. In addition, the final version also calculates the amount of 

absorbed hydrogen that allows determining the hydriding kinetics. 

 

The program is structured in three tabs with the functions: "Processos", "Compara Cinética" 

and "Histórico", as shown in Figure 4. The operator can not switch the current tab when 

process is running in order to avoid multitasking of the computer. 

 

 

 

 

Figure 4. Final version of the program showing the 

“Processos” tab. 

 

 

 

In the tab "Processos" there are three buttons: "Hidretação", "Passivação" and "Manual". The 

buttons “Hidretação” and “Passivação” execute the process automatically and the “Manual” 

button executes the opening or closing of any valve by the operator. Choosing one of the 
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buttons, it is open a window where the operator can set the process parameters.  The running 

program can be stopped any time pressing the "STOP" button. 

 

On the tab "Compara Cinética" the results of absorbed hydrogen in function of time are 

shown in the graphic form (see Figure 5). In this graphic the amount of absorbed hydrogen is 

normalized and thus it is independent of mass and shape of the sample. It is also shown in 

this figure a table with sample name, weight (g), H2 absorbed (mol), sample hydriding (%), 

time (s), mean temperature (°C) and curve color. 

 

 

 

 

Figure 5. Final version of the program showing the 

“Compara Cinética” tab.  

 

 

 

In Figure 6 is presented the tab "Histórico" where the operator can retrieve previous results of 

the hydriding and passivation processes in the graphics form as also some sample data that 

help to identify the parameters used in the previous experiment.  
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Figure 6. Final version of the program showing the 

“Histórico”tab. 

 

 

 

Main problems were pointed out and solved with this new automation such as pressure drop 

in the system due to lack of sealing on the tube furnace and sudden variations in pressure and 

temperature due to noise present in the mains electric supply. Moreover, the time of 

passivation step could be reduced significantly from 10 hours to 6 hours.  

 

 

4. CONCLUSIONS 

 

A program in LabVIEW platform to controlling and monitoring a Sievert- type system for 

comminution of metallic uranium and its alloys in substitution of a program in Turbo Pascal 

language was developed. This LabVIEW program is friendly and it is easy to manage while 

running the comminution process. It was possible to reduce significantly the time of 

passivation step from 10 hours to 6 hours.  
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