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ABSTRACT: There is some solid and liquid radioactive waste created during producing 
Uranium that needs being treated and managed to keep our environment safe. This 
radioactive waste contains Uranium (U238), Thorium (Th232), Radium (Ra226) and 
some heavy metals and mainly is low radioactive waste. Our project has researched and 
built up appropriate technology for treating and managing the radioactive waste.  
After researching and experimenting, we have built up four technology processes as 
follows: 
- Technology for separating Radium from liquid waste. 
- Technology for treating and managing solid waste containing Ra.  
- Technology for separating Thorium from liquid waste after recovering radium. 
- Technology for stabilizing solid waste from Uranium production. 
Key words: Radioactive Waste. 

 
Introduction 
Radioactive waste generated from treating radioactive ore and other radioactive 

actions is dangerous for people’s health and our environment. Environmental protection 
from radioactive waste is one of the problems concerned in Vietnam and in over the 
world. Vietnam government has issued the law for managing radioactive waste.  

Nowadays, Institute for Technology of Radioactive and Rare Elements (ITRRE) 
is researching the Uranium ore process by heap leaching method. During processing ore 
for recovering Uranium, there is some radioactive waste created that needs to be treated 
and managed to keep the environment safe. ITRRE has established a safe area for 
managing, treating radioactive waste and storing it temporarily. The project “Study on 
technology for radioactive waste treatment and management from uranium production” 
is carried out in order to protect surrounding of the waste’s storage conforming to the 
Vietnamese safety standard as well as to international safety standard.  

Results and discussions 

1. Characters of radioactive waste created from processing Uranium ore by 
heap leaching method carrying out in ITRRE 

Radioactive waste mainly consists of: 

- Solid waste:       

+ Uranium tailing after heap leaching for recovering Uranium. 

+ Waste tailing containing Ra after precipitating liquid waste. 
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- Liquid waste: effluent created after ion exchange and filter processes for 
recovering technical uranium.                          

Compositions of the effluent are shown in the table 1. 

Table 1: Compositions of the effluent from leaching uranium ore 

Elements Composition (%) Radioactive dose (kBq/Kg) 

U 0.012 - 

Th 4.10 -3 - 

Fe 9.68 - 

Pb 0.42 - 

Ra-226 and isotopes  96 

pH = 2.7 

Note: Radioactive dose of Ra-226 and isotopes (96 kBq/kg) is higher than limited 
dose (compared with standard of Vietnam TCVN 4397-87: limited radioactive dose < 
1.7 kBq/kg). So, we have chosen appropriate basic parameters to decrease radioactive 
dose and increase pH of samples for stabilizing effluent by separating Ra and Th from 
that effluent. 

2. Experimental operation 

2.1. Separating Ra-226 from effluent after recovering Uranium 

2.1.1. Separating Ra by precipitating with barium chloride (BaCl2) 

+ Research on the effect of pH value on the purifying treatment: 

pH value is a very important factor in processing acidic uranium effluent. So it is 
necessary to research on the effects of pH on removal of elements from effluent. Take a 
liter of effluent, adjust its pH to different values by lime milk. 

Note: The results show that pH has a great influence on processing acidic 
uranium effluent. At pH of effluent = 10, radioactive dose can meet the required 
discharge standard. 

+ Research on relationship between consumption of CaO and pH of sludge 
solution: 

The experimental results for 1litter of sample are shown in the table 2 

Table 2: Relationship between consumption of CaO and pH 

pH 2 3 4 5 6 7 8 10 

CaO(g/l) 6.5 9.3 11.0 11.6 12.0 12.4 12.6 13.2 

V(l) 10 10 10 10 10 10 10 10 

The results show that: At pH = 10, we can add 132g of CaO for 10l of effluent. 
It is useful for calculating expenses of radioactive treatment during processing Uranium 
ore in industrial scale.  
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+ Research on the effect of Barium chloride content on the results of removing 
radium: 

Use a liter of effluent, adjust its pH to 8, and add different amounts of barium 
chloride into effluent. Stir that solution for 30 minutes, then adjust its pH to 10 and 
continue stir for 20 minutes. The results are shown in the table 3. 

Table 3: The effect of Barium chloride content on the results of removing radium 

BaCl2 (mg/l) 10 15 20 30 50 

U (mg/l) 0.06 0.04 0.03 0.008 0.004 

Ra (Bq/l) 1.8 1.1 0.6 0.5 0.5 

Note: The results show that when content of BaCl2 is 30 mg/l, the efficiency of 
removing Ra is the highest. 

+ Research on the effect of stirring time on removing radium: 

Add barium salt into effluent, stir solution with different stirring time, measure 
radium contents in sample. The results are shown in the table 4. 

Table 4: The effect of stirring time on removing radium 

It can be seen from the table 4 that co-precipitation of radium with barium 
sulfate is fast. With stirring time is between 20-30 minutes, separating Ra from effluent 
can meet the requirement of safety standard. 

Note: According to above results, we have proposed a technological process for 
separating Ra from radioactive effluent after recovering Uranium by ion-exchange 
method: 

- Put 50 liters of radioactive effluent created after recovering technical Uranium 
into the precipitator, stir the solution with speed 240 rpm. 

- Add lime milk solution containing 13.2g CaO/l, adjust pH = 8. 

- Add BaCl2 solution 30 mg/l, stir 20 minutes. 

- Use lime to adjust pH = 10, add 500 ml of stearic acid, continue stir in 10 
minutes for co-precipitation of Ra and BaSO4 completely.  

- Deposit in the container about 20 days, and then filter in the centrifugal filter, 
waste mud is collected for cementing. The solution containing Th, U is treated by ion-
exchange method.    

Stirring time (minutes) Ra content (Bq/l) 

5 0.56 

10 0.50 

15 0.26 

20 0.11 

30 0.10 
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3. Research on separation of Th from radioactive effluent by ion-exchange 
method 

a. Use ion- exchange resin KPS-110 cation, column d = 10 cm, H = 50 cm. 

b. Determine ion exchange capacity of resin to Th. 

The result are shown in the table 5. 

Table 5: Ion-exchange capacity of resin to thorium 

Number 1 2 3 4 5 6 7 8 9 10 

Content Th in 
resin (mg) 

83.5 83.7 83.2 83.3 83.6 83.4 83.5 83.4 83.5 83.5 

Content Th in 
effluent (mg) 

66.5 66.3 66.8 66.7 66.4 66.6 66.5 66.6 66.5 66.5 

Ion-exchange of resin to Thorium is: 83.5 mg Th/1g resin. 

c. Determine parameters ion exchange process with thorium. 

+ Research on the effect of pH value on adsorption of thorium: 

The results are shown in the table 6: 

Table 6: Effect of pH value on adsorption of thorium 

Concentration of H2SO4(M) 0.01 0.025 0.05 0.1 0.25 0.5 

Capacity (%) 85.6 92.5 98.8 80.6 72.4 65.2 

The results show that when concentration of sulfuric acid in the solution is 0.05 
M, Thorium is completely adsorbed on the ion column. 

+ Research on the effect of some ions on adsorption process: 

Sodium sulfate solution is added into the adsorption solution. The results are 
shown in the table 7. 

Table 7:  Effect of some ions on adsorption process 

Concentration of Na2SO4 (%) 0.1 0.5 1.5 2.0 2.5 5.0 

Adsorption capacity (%) 97.3 98.5 99.2 99.5 98.4 97.6 

The results show that: When concentration of Sodium sulfate is 2%, adsorption 
capacity of Thorium on the ion exchange resin is the highest. 

d. Effect of concentration of Thorium on adsorption process. 

Experimental results are shown in the table 8. 

Concentration of Th (mg/l) 5 10 15 20 25 30 

Adsorption capacity (%) 82.7 85.3 86.9 87.4 87.8 89.3 



VAEC-AR 07--28 
 

The Annual Report for 2007, VAEC 
 

203

e. Effect of time on ion-exchange process 

The contact time is a very important in the resin adsorption practice. This is 
especially true for column operation. Therefore, proper contact time is necessary to 
achieve high adsorption effectiveness. The result are shown in the table 9. 

Table 9: Effect of time on ion-exchange process 

4.  Research on stabilization process of solid waste after separating thorium 
from effluent by ion-exchange method 

a. Non-treatment of solid waste. 

Solid waste mainly consists of tail from the extraction process is added into 
column d = 11 cm, H = 1.2m, after that natural water is passed with different velocities. 
The results are shown in the table 10 and 11. 

Table 10: Effect of water velocity on stabilization process (3 liter/h) 

Volumn (liter) Radioactive dose (kBq/m3) 

3 40 

6 22 

9 11 

12 7 

15 4 

Table 11: Effect of water velocity on stabilization process (5 liter/h) 

Volumn (liter) Radioactive dose (kBq/m3) 

5 25 

10 8.5 

15 5.5 

20 3.0 

25 1.8 

b. Solid waste treatment. 

+ Research on effect of pH value on solid waste treatment: 

Solid waste created from uranium production has pH from 2.5 to 2.7. Adjust its 
pH to 10 by adding CaO, put it to column. Measure uranium content. The results are 
shown in the table 12.  

Time (h) 0.5 1.0 1.5 2.5 3.0 

Content Th in resin(mg) 45.7 72.6 79.5 80.3 80.5 

Content Th in solution(mg) 104.3 77.4 70.5 69.7 69.5 

Capacity (%) 54.7 86.9 95.2 96.1 96.3 
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Table 12: Effect of pH value on solid waste treatment 

    Samples    pH value Content U(mg/l ) Radioactive dose (kBq/m3) 

1 7 2.1 - 

2 8 1.3 7.4 

3 9 0.6 5.2 

4 10 0.12 2.6 

5 11 0.1 2.1 

6 12 0.1 - 

+  Research on effect of water speed on stabilization process: 

- Experimental results are shown in the table 13: 

Note:  The results showed that radium and other radioactive nuclides can be 
removed from solid waste created after heap leaching to obtain Uranium. Its pH is 
adjusted to 10 by adding CaO. The sample can meet the radioactive safety standard of 
Vietnam (TCVN 4397-87). So, we have proposed three following ideas: 

- After heap leaching to recover Uranium, there are a lots of effluent with low 
radioactive activity and shouldn’t be cemented.  

- Effluent must be adjusted pH to 10 by adding CaO (4.5 kg of CaO/ ton of 
effluent), then heap it or move to certain places. 

- It is necessary to build containers for testing and treating radioactive waste 
around areas containing effluent for environment ptotection.  

5. Research on technological process for treating radium solid waste 
containing Ra 

5.1. Research on ratio of solid waste to cement in cementation process 
The results are shown in the table 14: 

Ratio Ra/cement 1/0.1 1/0.2 1/0.3 1/0.4 

Surface dose (μSv/h) 0.95 0.9 0.8 0.8 

Press intensity (kg/cm2) 18 27 95 110 

The results showed that appropriate ratio of solid waste to cement is 1/0.3. 

Volumn (liter) Radioactive dose (kBq/m3) 

3 3.2 

6 1.8 

9 - 

12 0.8 

15 0.2 
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5.2. Research on ratio of sand to cementation process 
In some cases, sand is added into cementation process for increasing press 

intensity. Experimental results as followings: 

Table 15: Ratio of solid waste/cement/sand 

Solid waste/ Cement/ Sand 1/0.3/0.1 1/0.3/0.2 1/0.3/0.3 

Surface dose (μSv/h) 0.65 0.54 0.48 

Press intensity (kg/cm2) 98 120 135 

The results showed that with ratio of solid/cement/sand = 1/0.3/0.2, treating 
process of radium solid waste takes place completely. When press intensity = 120 
kg/cm2, it is possible to meet the requirement of process of treating radioactive waste by 
cement method.  

5.3. Research on effect of nuclide isotope discard on the environment 
Experimental results are shown in the table 16: 

Number of week 1 2 3 4 5 

Radioactive Dose in water (Bq/l) 0.8 0.8 0.8 0.78 0.78 

Note: According to above results, we have built technology processes for 
cementing radioactive waste containing Ra as followings. 

+  The first stage: 

-  Prepare materials: effluent, cement, sand, water. 

-  Prepare paint, equipments for stirring, protective clothes. 

-  Container 200liter have alid and a hoop. Paint the container with yellow color, 
draw radioactive symbols, write radioactive parameters on the outside of the container 
according to the safe rules. 

+  The second stage: 

-  Treatment process is carried out in the determined areas with labor protection 
equipments meeting the requirement of radioactive safety standard. 

-  The ratio of effluent/cement/sand = 1/0.3/0.2, add water for stirring. 

-  Put all of materials into the container, keep for 24 h, then cover the container 
with a lid, clip a hoop to the container, test radioactive parameters, move the container 
to the store to keep temporarily.  

Conclusions 
After research and experiment, we have proposed a technology flow sheet of 

radioactive waste treatment and management. These are:  

-  Technology for separating radium from liquid waste. 

-  Technology for treating and managing solid waste containing Ra. 
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-  Technology for separating thorium from liquid waste after recovery radium by 
ion exchange method. 

-  Technology for stabilizing solid waste from uranium production. 
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