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Study on technology for laboratory scale 
production of Zirconium Chloride (ZrCl4) by 

chlorinating Zirconium dioxide (ZrO2) 

Nguyen Van Sinh 

Institute for Technology of Radioactive and Rare Elements 

Abstract: ZrCl4 is used as a main material for producing metallic zirconium. There 
are four methods for obtaining ZrCl4. The method of chlorination of ZrO2 was selected 
and some instruments have been made for the study (to produce ZrCl4 in laboratory 
scale). A procedure of preparing ZrCl4 on the obtained instruments was set up and a 
small amount of ZrCl4 was successfully obtained.  

 
Introduction 

Zirconium is a typical material that is widely used in atomic energy. Nowadays 
up to 90% of Zirconium amount in the world is used for nuclear energy. Besides, 
zirconium is widely used for other branches such as industries of national defense, 
electricity, electronics, metallurgy and chemical.  

Different methods for fabrication of zirconium that derive from different initial 
materials have been used on the world. Some countries such as Russia, America, and 
India have used just zirconium chloride for magnesium thermal reduction to produce 
zirconium by Kroll method.  

In Vietnam, the technology for fabrication of ZrCl4, a material used for 
production of zirconium, should be learned to be able to master nuclear technology in 
the future. That is the purpose of the work.  

Experiment and result 

I. Technology for coke-producing and instrument for forming raw material 
pellets 

- A press instrument showed in figure 1 was designed to form material pellets. It 
comprises the cylinder (1) with the small tube (3) of 10 mm diameter. The paste 
material was pushed in /rejected out of the cylinder by the piston (2) obeying/based on 
the natural principle of pressing. The pressure was controlled with a pressing meter.  The 
pellets were cut at the length of 10 mm.   

 
 
 
 
 
 
 
 
 

Fig. 1. Instrument for forming material pellets 
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- Preparation of raw material: Initial material is the mixture of zirconium 
chloride (ZrO2), carbon powder (C) and grain/cereals powder (G) at the weight-
proportion of (80: 15: 5). At first, the grain powder was mingled with water (mixture A) 
and ZrO2 and C were mixed to form the mixture B. After that A and B were mixed and 
carefully agitated until a homogeneous paste was received. The paste was kept  at room 
temperature for 24 hours. The obtained paste was compressed on the self-made pressing 
instrument to form raw-material pellets. Raw material pellets were dried at 1100C for 10 
hours. 

- Coke-producing was carried out under the condition of temperature of 8000C, 
duration of  6 - 14 hours. There was an independence of  product amount on the coke-
producing time. The results were showed in table 1. The optimal duration for coke-
producing was 8-12 hours. 

Tab 1. The influence of the coke-producing time on ZrCl4 efficiency 

Series 1 2 3 4 5 

Coke-producing time,  hour 6 8 10 12 14 

Chlorination time, hour 2 

ml/min 110 

Temperature, 0C 900 

Efficiency ( % of ZrCl4)  90,0 92,0 93,5 93,0 92,6 

 
II. Technology and instrument for chlorination 

II. 1. Instrument 

The equipment used for chlorination must be made of materials that resist high 
corrosion of chlorine gas at high temperature. Quartz glass is a  material suitable to 
make this instrument. Figure 2 showed the instrument. The main part, the quartz tube (6) 
that was external heated by a resistance oven was joined to a condenser chamber where 
ZrCl4 product was condensed and collected. 

 

 
 

Fig. 2. Instrument for chlorination of ZrO2. 
 



VAEC-AR 06--38 

 

The Annual Report for 2006, VAEC 
 

266

II.2. Technology 
The influences of reaction zone temperature, flow of chlorine gas, time of coke-

producing pellets and chlorination of different materials on the efficiency of the process 
and product quality were studied. 

II..2.1. The effect of reaction (zone) temperature on chlorination efficiency  

Experiments were carried out under the condition: 

Chlorine flow (F) was constant at the value of 110 sec/min, 

Temperature: a variety of values in the range of 750 – 1000 0C. 

The experiment dates were showed in the table 2. From the obtained results, the 
temperature of 900 - 9500C was chosen for chlorination process.  

Tab 2. The independence of the chlorination efficiency on reaction temperature 
 

Series 1 2 3 4 5 6 

Time (hour) 2 

F (ml /min) 100 

Temperature (0C) 750 800 850 900 950 1000 

Efficiency (%) 0 78,6 89,8 92,8 93,1 93,0 

 
II.2.2. The effect of chlorine flow on chlorination efficiency 

Experiments were carried out at the constant temperature of 9300C. Flow of 
chlorine gas  was changed in the range of 60 – 120 ml/min. Obtained dates were showed 
in the table 3. 110ml/min was considered as the most suitable flow of chlorine gas and 
chosen for the chlorination process. 

Tab 3. The independence of the chlorination efficiency 
On the flow of chlorine gas 

 

Series 1 2 3 4 5 

Temperature (0C) 930 

Time (hour) 2 

Chlorine flow (ml /min) 60 80 90 110 120 

Efficiency (%) 60,0 85,4 91,6 92,9 92,4 

 
a. Designing instrument for condensing and collecting product 

- Designing instrument 

The instrument worked according to the principle/way that product ZrCl4 in the 
form of gas will condense when it comes to the neck of the condenser and contacts to 
walls, whose temperature is lower than the condense temperature of ZrCl4  Based on 
such a principle, the instrument for condense was designed and it is illustrated in figure 
3. 
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Fig. 3. Instrument for condensation of ZrCl4 

- Collecting product 

Relationships between the temperature of the neck and the outer cover the 
condenser were studied. Results were shown in tables 4 and 5. The temperature of the 
neck and the wall of the condenser at which the condensation was the best were 3500C 
and 150 -2000C respectively. 

Tab 4. Influence of temperature of condenser neck on ZrCl4 efficiency 

Condition of experiments 

Se
ri

es
 Reaction 

temperatur
e 

(0C) 

Flow of 
gas 

  ml/min 

Time, 
hour 

Temperatur
e of the 

condenser 
neck 
(0C) 

Efficiency 
(%) 

Notice 

1 
290 30,0 

The neck of the condenser 
was blocked with the 

product after 30 minutes 

 
2 310 60,5 

The neck of the condenser 
was blocked with the 

product after 70 minutes 

3 333 93,2 Good 

4 340 93,3 Good 

5 

950 110   2  

350 93,2 Good 
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Tab 5. The independence of ZrCl4 efficiency on temperature of condenser outer wall 
 

  
 

Series 
Reaction 

temperature 
(0C) 

Flow of 
gas 

(ml/min) 

Time 
(hour) 

Temperature 
of condenser 

neck (0C) 

Temperature
of condenser 

outer wall 
(0C) 

Efficiency 
(% of ZrCl4)

1 100 96,0 

2 150 96,18 

3 

950 110 2 350 

200 96,87 

Conclusion 

The instruments made in our laboratory have all specifications required for 
preparing ZrCl4 on a laboratory scale and produce the products with suitable quality.  

A procedure of preparing ZrCl4 by ZrO2 chlorination method with detail 
technological parameters was set up as follows: 

1. Mix carefully ZrO2, C and corn powders at weight proportion of 80: 15: 5 
with water to have a homogeneous paste. Keep the paste for 24 hours.  

2. Form green pellets by pressing and dry obtained pellets at 110 0C, for 10 
hour. 

3. the green pellets were coke-produced in nitrogen atmosphere at 8000C for 8-
10 hours. 

4. Chlorinate coke-produced pellets at 9500C in chlorine atmosphere for 2 
hours. 

5. Keep the obtained ZrCl4 powder in argon atmosphere.   

 


