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ABSTRACT: Technological process and equipment line for cementation with 3,000 tons of solid wastes/year 

capacity for ZOC plant was studied according to the quantity, the composition and the property of solid wastes 

from ZOC plant. The influence of several parameters with cementation process such as cement mixing ratio, 

size, moisture and NaCl content in residue, which affected to mechanical and chemical strength of waste block 

after cementation was evaluated. The calculation and designing for cementation equipment line were thus 

conducted and total investment cost of construction and installation as well as operation of this equipment line 

was also estimated. Radiation safety and environmental protection for waste treatment facility was calculated 

and the design on radiation safety and environmental protection for equipment line was proposed. Technological 

process and design document of this production line seemed to be reasonable because it is consistent with 

properties of wastes as well as it has been commonly used in the world to stabilize solid residues in nuclear 

industry. The advantages of this propose were simple structure of the devices, localy made, easy operation, 

locally available and inexpensive materials resulting in low cost of investment and operation.  

I. INTRODUCTION 

ZOC Vietnam factory is located in Cai Mep Industrial Zone, Phu My town, Tan Thanh 

District, Ba Ria - Vung Tau province. Main product of plant is ZOC with 11.500 tons/year output. 

Solid waste amount of plant is around 3,000 T/year and the main composition contained silica 

gel, insoluble ores and some heavy metals, together with a small amount of radioactive material 

such as uranium, thorium. This waste was identified as NORM/TENORRM form at very low 

radioactivity in comparison with the type of low-level radioactive waste that requires subsequent 

processing steps before being buried in specified location. 

Table 1: Component of solid wastes from ZOC production process. 

No Parameter Unit DKK DKK 
DKK    

(22/9/2010) 

ITRRE 

(22/9/2010) 

ITRRE 

(22/11/2010) 

1 Humidity % 86.24 80.60 77.83 83.90 79.6 

2 Zr % 3.65 4.75 26.116 35.734 27.0 

3 Si % 8.10 3.09 8.745 10.808 12.1 

4 U % 0.009 0.068 0.110 0.016 0.31 

Project Information: 

- Code: ĐTCB.02/11/VCNXH 

- Managerial Level: Ministry 

- Allocated Fund: 400,000,000 VND 

- Implementation Time: 12 months (Jan 2012 – Dec 2012) 

- Contact Email: tvhoa.itrre@gmail.com 

- Papers published in relation to the project: (none). 
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5 Th % 0.007 0.038 0.327 1.162 0.17 

6 Fe % 0.23 1.19 5.510 0.42 5.65 

7 Ti % 0.19 0.83 2.652 0.822 4.4 

8 Na % 0.47 1.01 -  3.05 

9 Cl % 0.79 0.14 -  1.95 

10 Al % 0.13 0.35 2.235 1.598 1.17 

11 C % 0.30 0.06 -  - 

12 
Total activity 

 
Bq/g 1.75 10.08 113.11 96.24 26.9 

13 
Total activity 

 
Bq/g 4.18 27.18 72.97 30.35 24.1 

14 
Total activity 

 
Bq/g 2.60 22.10 -  21.4 

15 Ti-208 Bq/g 0.0841 0.393 -  0.32 

16 Pb-212 Bq/g 0.306 1.44 -  0.91 

17 Bi-212 Bq/g 0.271 1.32 -  0.97 

18 Ac-228 Bq/g 0.0942 1.46 -  0.98 

19 Pb-214 Bq/g 0.0656 0.236 -  0.44 

20 Bi-214 Bq/g <0.0023 0.106 -  0.33 

21 Ra-226 Bq/g 1.78 17.1 -  12.7 

For treatment of NORM/TENORM wastes it is can be used different methods depending on 

properties of residues each type such as: Combustion method, compression method and stabilization 

methods. Each method, however, has its advantages and disadvantages, as detail: 

* Combustion method is used only for the type of radioactive waste which can burn (clothing, 

paper, shoes, gloves, etc.) and this method can reduce volume of waste to hundreds of times, thus 

reducing  pressure of storage and burial. This approach, however, is very high cost, difficult to 

apply widely, and used only for the type of waste which can be burned. 

* Compression method is the simplest method, with relative high efficiency (reduce volume 

of waste from 3 to 10 times) and low cost but used only for waste which has stable properties and 

does not cause chemical reaction, not explode when being pressed. 

* In the stabilization methods vitrification method was not used because of its expensive cost, 

moreover this method is often only used to process high-activity radioactive waste.  
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The utilization of bitumen as a curing agent has high cost, besides high environmental 

temperature will make asphalt soften and fluid and therefore restricted to use in countries with hot 

and humid climate like Vietnam. 

Many researches have been proven that cement had ability to stabilize many wastes 

containing many nuclides. Some studies tested also successfully the combination of cement and 

other additives such as kaolin even making protective layer from epoxy coated around solid waste 

block after hardening has proven high performance in preventing the risk of radioactive leaking and 

reducing the intensity of irradiation of waste block into environment. In recent years, Center for 

Radioactive Waste Management and Environment of ITRRE has conducted a number of studies 

related to stabilization problems of radioactive waste following cementation research direction and 

has reached initial results about selection of appropriate materials for treatment and format of 

residues from ZOC production line. The research results show that solid residues from ZOC 

production line after dehydration by drying method (reduce significantly the volume and mass up to 

4-5 times), residues will have suitable mechanical properties for formatting by cement, waste block 

after formatting reaches standards for burial in concentrated burial area. Results also showed that 

the treament of residues from ZOC plant by cementation method is completely feasible in terms of 

technology, reasonable handling cost and environmental safety. 

II. RESEARCH INVESTIGATE TECHNOLOGY PARAMETERS OF 

CEMENTATION PROCESS OF SOLID RESIDUES  FROM ZOC FACTORY 

The utilization of cement for cementation radioactive waste has been tested since the first 

period of nuclear industry. This is still a very important method to today because of cheap price, 

popularity and compatibility with low level radioactive waste. An important property of waste block 

after stabilization process is the ability to prevent leakage that usually measured by amount of 

radionuclides released out from waste block in wet environment. There are two main mechanisms 

affecting to leakage properties of block. The first mechanism is the formation of physical barriers to 

prevent the escape of radionuclides into environment (play an important role in the mechanism of 

action of bituminization and cementation methods). In the second mechanism, radionuclides will be 

hold closely in the crystalline lattice of carrier (such as glass or ceramic). The property of waste 

block after processing for each type of radionuclide can change following chemical property of 

waste stream and the process of creating solid waste lattice and chemical property of environment 

surrounding block containing waste. Most of elements after uranium are captured very tight due to 

environment high pH has caused many reactions of these elements with crystal lattice of cement. 

The choice of cement and cement technology also depends on many factors, however, the waste 

discharge quality criteria is one of the most important factors.  

1. Research on effects of cement mixing ratio, moisture and size of residues to 

mechanical strength of waste block cemented 

a) Effect of cement mixing ratio 

Experimental procedure: ZOC solid waste samples were dried then mixed with cement PC30 

by different ratios and were added water at a rate of W/C = 0.44, added 0.8 l additive/100 kg of 

cement, after that carried out concrete by pressed into a cube mold size 5 x 5 x 5 cm, with a 

pressure of 200 bar, maintaining 7 days and after 28 days setting, tested compressive strength. 

Taqble 2: Mechanical-physical property analytical results of  waste-concrete sample. 

Sample (% of cement) 10 % 15% 20% 25% 

Dimension 50 x 50 x 50 50 x 50 x 50 50 x 50 x 50 50 x 50 x 50 
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Age samples (days) 28 28 28 28 

Pressure force on sample (kgf) 410 426 438 452 

Compressive strength (MPa) 1.2 1.5 2.1 2.35 

Comment: Thus, waste-concrete sample with mixing ratio 20% cement PC-30 reaches 

minimum standard about compressive strength of concrete-waste, ensure unbreakable when 

transport and buried. 

b) Effect of residue’s moisture 

Due to original property of residues from ZOC factory exist mainly in the form of very soft 

gel, after drying is a relatively porous material (density = 1.18), mainly in silica gel form with not 

high hardness, the hardness of residues depends largely on the moisture of residues, residue’s 

hardness increases gradually as moisture of residue reduces gradually because of in dehydrated 

process silica gel forming silica gel with more robust framework, the forms of this residue act as 

aggregate in waste-concrete and therefore the moisture of residues effects largely to waste-concrete 

strength. 

Table 3: Comparison of analytical results of waste concrete                                                                                            

samples when mixed with 20% cement. 

Sample (% moisture of residue) 80% 6 % 

Dimension 50 x 50 x 50 50 x 50 x 50 

Age sample (days) 21 21 

Pressure force on sample (kgf) 50 468 

Compressive strength (MPa) 0.13 2.11 

Experimental results showed that the compressive strength is very low from 0.12 to 0.13 

(MPa) when residues was not dried before. Consequently, the wet form of solid waste concreted 

does not meet the requirements on reliability so as to be buried as prescribe. Solid samples were 

dried then concreted into cube block size 5 x 5 x 5 cm, to test bearing durability TCVN 3118:1993 

standard 

c) The effect of residue size 

Gradation of aggregates is one of the factors affecting the strength of the concrete, particularly 

to shrinkage deformation, aggregate small particular increases shrinkage. Shrinkage is a harmful 

phenomenon changed the shape and size of structure, causing cracks on the concrete surface, which 

change concrete structure, reduce anti-pressure capacity and durability of concrete. ZOC residue 

after drying is sieved classified by level 4 then proceeding cementation with 20% cement in 7 days 

maintenance, after 28 days setting tested compressive strength. 

Table 4: Testing results of compressive strength of concrete sample waste 

with different particle sizes (all mixed 20% cement). 

Level particles form (mm) <1 1-1.5 1.5-2 >2 

Dimension 50x50x50 50x50x50 50x50x50 50x50x50 
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Age sample (days) 28 28 28 28 

Pressure force on sample (kgf) 450 468 468 472 

Compressive strength (MPa) 2.18 2.15 2.14 2.12 

The results above show that the residue particle size is more smaller the strength is greater but 

not much change, a reason is residue particle size ratio changing little within a small scale, porosity 

of residue is significant high thus have to mix ratio of W/C higher and the result is concrete strength 

reduced.  

2. Research on effect of cement mixing ratio, moisture content and size of residue to 

spreading radionuclide out of waste cemented         

a) Effect of cement mixing ratio 

By the leaching method specified in Section 4 of this regulation (leaching method EPA 1311 

and ASTMD5233-92) results in the following table: 

Table 5:  Analysis results of leaching solution of untreated solid waste samples. 

Target name Unit 
Content 

Leaching concentration 

(mg/l) QCVN07 

:2009/BTNMT 

Test 

methods 

pH 3 pH5   

Ag mg/l 6.689 2.184 5 ICP-MS 

Th mg/l 21.370 3.863 - ICP-MS 

U mg/l 25.288 15.160 - ICP-MS 

The total activity α Bq/l 174 154  
Nuclear 

Analysis 

The total activity β Bq/l 277 281  
Nuclear 

Analysis 

Conclusion: Solid waste sample obtained from ZOC production testing exceeds standard on 

absolute levels of total alpha, beta and leaching concentration, so it is kind of hazardous waste 

The result analysis of solid waste leaching solution after stabilization with cement in different 

proportions, sample size 50x50x50 mm, soaked in a solution with pH = 3 for 20 hours, the rate of 

solid liquid is 1/20. 

Table 6: Results of the leaching solution analysis Randa waste stabilization with cement. 

Target name Unit 

Content Leaching concentration 

(mg/l)  

QCVN07:2009/BTNMT pH 3 

Cement ratio % 10 15 20 25  

Ag ppb 0.195 0.188 0.16 0.158 500 
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Th ppb 13.54 12.95 8.421 5.493 - 

U ppb 1785 1779.5 1056.6 819.1 - 

(Sample concrete with 20% cement has an average compressive strength of 2.1 MPa, density 

1.3 g/cm3). 

According to Regulation (QCVN 07:2009/BTNMT) the waste after stabilization, no heavy 

metal elements leaching threshold concentration, we can take advantage of building material 

products if the intensity of solid not less than 100 marks, or is regarded as normal solid waste, may 

be buried in landfill waste or construction waste sanitary if intensity of solid 100 grade lower. 

b) The effect of residue moisture 

Leaching test of solid waste samples cemented with 20% cement (Leaching method EPA 

1311 and ASTMD5233-92) results in the following table: 

Analysis results of leaching solution of solid waste stabilized with cement in different 

proportions, sample size 50x50x50 mm, soaked in a solution with pH = 3 for 20 hours, the liquid to 

solid ratio is 1/20. 

Table 7: Analysis results of solid waste leaching solution stabilized                                                                 

by 20% of cement with different moisture residue. 

Target 

name 
Unit 

Content 
Leaching concentration (mg/l)  

QCVN07:2009/BTNMT 
pH 3 

Humidity % 80 6  

Ag ppb 1168 0.3596 500 

Th ppb 9.955 8.412 - 

U ppb 1279.9 1056.6 - 

The residue sample with 80% humidity in the leaching process is not ensuring the hardness 

thus there was a loose phenomenon increasing leakage of radionuclides and heavy metals into 

solution, residue samples after drying to 6% moisture preventing leakage of radionuclides and 

heavy metals out solution better. We found the leak rate of radionuclides and heavy metals 

measured does not exceed permitted level TCVN 5945:2005 standard, so it can be concluded 

cement material is suitable for stable of radioactive sludge. 

c) The effect of residue size 

Conducting experimental after sieving classified seeds level 4: <1; 1-1.5; 1.5-2 and> 2 mm 

then mixed with 20% cement PCB30,  water/cement ratio = 0.45. The analysis result of solid waste 

leaching solution with different particle level, stabilized by cement with cement ratio of 20%, 

sample size 50x50x50 mm, soaked in a solution with pH = 3 in 20 hours, the rate of solid/liquid was 

1/20. Leaching solution analysis results showed in the table 14. (Leaching method EPA 1311 and 

ASTMD5233-92). 
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Table 8: Analysis results of solid waste leaching solution                                                                                     

with varying grain stabilized  by 20% cement. 

Target name Unit 

Content Leaching concentration 

(mg/l)  

QCVN07:2009/BTNMT pH 3 

County level (mm) <1 1-1.5 1.5-2.0 >2  

Th ppb 8.430 8.422 8.424 8.421 - 

U ppb 1063.5 1055.0 1056.2 1055.8 - 

The total activity α Bq/l 0.015 0.0152 0.015 0.0151 α < 0.1 Bq/l 

The total activity β Bq/l 0.182 0.178 0.183 0.181 β < 1 Bq/l 

From the results in the table above we can see the influence of residue particle size to 

spreading radionuclides ability after cemented that virtually no change, partly caused by the residue 

size does not change much, on the other hand radioactive elements are locked firmly in the concrete 

preventing release out after cementation. It can be concluded radioactivity targets α and β reached 

standard wastewater QCVN 40:2011 (a total activity of α <0.1 Bq/l and the total activity of β <1 

Bq/l). 

Amount of heavy metals and radioactive ions in water were not to exceed permitted QCVN 

40:2011 standard, therefore, it can be concluded cement is suitable material to stabilize residue of 

ZOC plant. 

3. Effect of sodium chloride content in residues to mechanical and chemical strength 

waste cemented 

The experiment investigated effects of sodium chloride content in residues to chemical 

mechanical strength and of waste cemented sample was concrete was carried out with waste 

concrete mixed with 20% cement, concentration of NaCl was 0.3 per cent; 0.6%; 0.9%; 1.2% (of 

residues volume). Compressive strength test conducted following TCVN 3118:1993 standard. 

Table 9: Analysis results of waste-concreted samples                                                                                        

with different concentrations of NaCl. 

Sample (% NaCl) 0.3% 0.6% 0.9% 1.2% 

Dimension 50x50x50 50x50x50 50x50x50 50x50x50 

Age sample (days) 28 28 28 28 

Press force on sample (kgf) 430 430 430 430 

Compressive strength (MPa) 2.1 2.13 2.12 2.05 

The results of compressive strength measuring saw that when NaCl content increases in about 

0.3% - 0.9% the concrete strength increases, but concentration of NaCl increased up to 1.2 percent, 

the concrete strength reduced, on the other hand concentration of NaCl has effect to reduce the 

setting time to facilitate early mold removal. In  residues of  ZOC production process NaCl content 

is 0.62%, with the procedure of cementation of residues before burial at this concentration  we can 
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confirm that the amount of NaCl impacts slightly to mechanical and chemical strength of waste 

cemented sample. 

Conclusions about cementation of solid waste from ZOC production process 

Radioactivity of solid residues from ZOC manufacturing process usually not high but 

relatively large amounts thus processing methods and strict management were posed, so as not to 

cause long-term environmental consequences. The treatment must ensure radioactivity in 

environment low at allowing level and in the process of storage waste does not leak, and dispersal 

of radionuclides into environment. 

More resonable method used to treat waste residues of this type is cementation, this method 

has been widely used in the world to stabilize solid residues in nuclear industry. The advantages of 

this approach are: 

-   Devices have simple structures; 

-   Easy operationand uncomplicated; 

- Inexpensive materials available at local so the investment and low operating cost. 

        + Solid waste from ZOC production process should be dried from 80% moisture  to <6% 

before cementation so as to reduce the volume of waste residues, increase the hardness of residues, 

increase intensity waste-concreted. 

+ Cement PC30 was selected to cementation of waste because the price is cheaper, and 

popular in market, quality assurance of mechanical and chemical strength and durability of waste - 

concreted. 

+ Cement mixing ratio used is 20%, the ratio of water/cement = 0.45, the rate of 

superplasticizer 0.8 L/100Kg cement average the compressive strength reached 2.1 M pa, Sample 

got minimum standard of compressive strength of waste concreted guaranteed to unbreak, safe 

transportation and burial and reasonable price. 

+  NaCl content from 0.3-0.9% (in residue) has good impact to waste concreted strength, 

shorten setting time, shorten time to mold removal. When NaCl content> 1.2% causes reducing 

intensity.Wastes from ZOC production process with concentration of NaCl = 0.62%  did not affect 

to quality of waste concreted. 

III. SETTING UP TECHNOLOGY PROCESS AND CEMENTATION EQUIPMENT 

LINE TO STABILIZE OF SOLID WASTE FROM ZOC PRODUCTION PROCESS 

1. Flowsheet of solid waste treatment 
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     Cement silo:V=1.3m3 

Cement screw:Q=2T/h 

3.0m3 /day 

3.0m3 /day 

Equip for storing and distbuting 

 

Mixer 

 

Mixed materials conveyor 

II 

I 

V 

3.0m3 /day 

3.0m3 /day 

3.0m3 /day 

3.0m3 /day 

21m3 / week 

Equip for storing and distributing 

 

Block making machine150-250bar 

Block conveyor and clean system 

 

Automatic elvator 

 

Curing chamber 

 

Block conveyor and storing system 

 

Pallet conveyor 

 

Transport to the landfill 
 

III 

IV 

3.0m3 /day 

I 
Raw material preparation 
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II 
System coordination and 

blending of raw materials 

III Visual system products 

 

IV 
Transportation systems, product 
handling and curing 

V Waste gas treatment 

2.52T/day 

12T/day 

12T/day 

12T/day 

12T/day 

V=2,41m3 

2.52T/day 

2.52T/day 

Dried solid waste screw I 
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Dried solid waste screw II 

:Q=2T/h 

Wet solid waste moving Screw:Q=2T/h 

Wet solid waste screw:Q=2T/h 

Bunke for storing and dosing 

materials 

 

Rotation Dryer 

;Q=0.5T/h;W1=75-80% 

;To=600oC;W2=5-6%;τ =2h 

 

          Dosing screw:Q=2T/h 

Wet solid waste 
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2. Cementation equipment line for solid waste stabilization of ZOC production process 

 

 

1- Wet solid waste area; 2- Wet solid waste conveyor; 3- Bunke for storing and dosing;4- Dosing screw; 

5- Rotation Dryer; 6- Dried solid waste screw I; 7- Dried solid waste Silo;8- Cement silo; 9- Dried solid 

waste screw II;10- Cement screw; 11- Equip for storing and distbuting;12- Mixer; 13- Mixed materials 

conveyor; 14- Pallet conveyor; 15- Block making machine;16- Block conveyor and clean system; 17- 

Automatic elvator; 18- Block conveyor and storing system; 19- Cement storage; 20- Electric winch; 21-

Cyclon; 22-Rotoclon; 23- Fan. 

a) Raw material preparation system input 

Plant's solid waste is transported to the yard in factory, from here it is collected by wet mobile 

SW Screw to wet fix SW screw to flow in wet conveyor SW to moved up bunke container, after 

quantified from bunke container, solid waste were transported by quantitative Screw load to the 

rotation drying drum equipment to reduce its moisture content from its 75-80% to 5-10%. 

After exiting the drying equipment, solid waste moved by dry I SW Screw to dry Silo SW 

then moved by dry II SW screw to equipment quantitative sytem inputs. 

b) The system of qualitative and mixed aggregate inputs 

Cement PC-30 in the form of bags purchased from provider to the temporary storage area in 

the workshop and winded to working floor of cement silo. Cement silo has effect storing cement for 

work of the line continuous. From the silo, cement was transported by cement screw to quantitative 

system equipment to grade materials. 

Dosing and gravel material equipment have effect automatic quantify inputs following the 

specify settings corresponding to processing power of the line. Equipment includes hopper 

containing materials and balance of acted according to the preset mode. Material is discharged 

automatically by a built-in mixer. 

In mixing machine, materials including cement bring from silo (via the automatic cement) and 

water (through automatic water pump) and aggregate as solid waste (via feed system) was mixed 

well, fine, mature before the feed to the car to put into molds. 

c) The system of forming solid waste 

Raw materials mixed in the mixer is discharged down conveyor material mix capable of 

storing raw materials and were mixed and then distributed a reasonable car and help feeding 

materials into the moldbe correctly. 
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Forming machine is the most important part of line, it has the function to force shapes of solid 

waste into "bricks" with a pressure of about 150-250 bar. 

After being forced to shape, "brick" is moved to another stage by transport equipment and 

surface cleaning "tiles". 

d) The system of shipping, handling and curing "brick" 

 After shaping, the "brick" is moved out to automatic brick stacker. Continuous automatically 

classified stacker the pallet tray to house, at that time storage system and rotation will move the 

block tiles to curing product area. 

At product curing area, curing "brick" follow totally natural methods. "Brick" is 

curedfor16hours. 

After the curing period, brick are unloaded out pallet and the bricks which could be packed in 

warehouse for temporary storage prior to transport to long-term storage. 

e) Dryer exhaust gas treatment system 

Emissions from the rotation dryer exhaust into single xiclon to separate coarse dust 

(d>10μm), then continue go to Rotoclon to separate fine dust (d<10μm). Exhaust gas after through 

Rotoclon was treated reaching environment standards. 

Dust from single xiclon and Rotoclon discharge to solid waste collecting area. 

IV. DESIGN OF CEMENTATION EQUIPMENT LINE TO STABILITY OF SOLID 

WASTE FOR ZOC FACTORY WITH A CAPACITY OF 3,000 WASTE TONNES / YEAR  

On the basis of technology process and equipment line has been built, we carried out 

calculate, design, manufacture and installation of equipment line with main equipment following: 

No Name of Equipment Specifications 

A Raw material preparation system on solid waste 

1 
Wet solid waste moving Screw 

 

- Q = 2T/h, P = 1.5kW, n=30v/ph 

- Dimensions:DxL = 160x8420mm 

- Screw holes, horizontal 

2 
Wet solid waste screw 

 

- Q = 2T/h, P = 1.5kW, n=30v/ph 

- Dimensions:DxL = 160x8420mm 

- Screw download secret kind of hollow, 

horizontal 

3 Wet solid waste conveyor 

- Q = 2T/h, P = 2.2kW;v=2.2m/s; α=20
o
 

- Dimensions: BxL = 400x12900mm 

- Rubber Conveyor openings, tilt 

4 
Wet solid waste Dosing screw 

 

- Q=0.5T/h; P = 1.5kW; n=30v/ph 

- Dimensions:DxL = 150x4560mm 

- Hermetic screw, horizontal circular 
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6 
Rotation Dryer 

 

- Q=0.5T/h; P = 18kW; n=2v/ph; ω1=75-80%; 

ω2=5-6%; T=600
o
C; α=1,5

o
 

- Dimensions: DxL = 1,5x12m 

- Fuel: CNG 

B System coordination and blending of raw materials 

1 
Dried solid waste screw I 

 

- Q = 0.5T/h; P = 1.5kW; n = 150v/ph; α = 25
o
 

- Dimensions:DxL= 120x8720mm 

- Closed circular screw tilt; Hn=3.65m 

2 
Dried solid waste screw II 

 

- Q=2T/h; P=1.5kW; n=120v/ph; α=30
o
 

- Closedcircularscrewtilt Dimensions: 

DxH=200x4560mm;Hn=3.65m 

3 
Cement screw 

 

- Q=2T/h; P=1.5kW; n=120v/ph; α=30
o
 

- Closedcircularscrewtilt Dimensions: 

DxH=200x4560mm;Hn=3.65m 

4 
Mixer 

 

- Q = 0.33m
3
/cycle; P = 7.5kW; 

- Dimensions: DxH=1.2x1.1m 

- Vertical mixing, cycle to work, remove the 

material at the bottom 

5 
Mixed materials conveyor 

 

- Q=2T/h; P=1.5kW; n=180v/ph; α=25
o
 

- Dimensions:BxL=400x4100mm; Hn=3.65m 

C Visual system products 

1 Block making machine 

- Công suất P = 15kW; 

- Dimensions:LxBxH=2.2x1.3x2.5m 

- Types of hydraulic press 

D Gas waste tretatment system 

1 Xiclon 

- ЦH15; D550 

- Q = 3,020m
3
/h 

- Dimensions:DxBxH=556x1210x4292mm 

2 Rotoclon  

- Q = 3,020m
3
/h 

- Dimensions: LxBxH= 1.2x0.8x1.82m 

- V = 0.38m
3
 

On the basis of the designal drawings, we have been designed workshop with a total area of 

1,000 m2 and estimated of construction and operating line costs: 
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-   Cost of construction investment chain: 15,000,000,000.00 VND 

-   Operating cost: 3,200,000.00 VND/T treated waste. 

V. CALCULATION OF RADIATION AND DESIGN OF ENVIRONMENTAL 

SYSTEM FOR THE EQUIPMENT LINE 

1. Calculate radiation safety for waste treatment plant  

The results of the analysis of gamma radioactivity of solid waste: 

The total activity :20.2 -21.4 Bq/g. 

For calculate we can take the maximum value of the total activity  solid residue:21.4 Bq/g. 

Since the model of the IAEA, when applied to zircon sand, radionuclides are mainly applied as U 

should have the dose conversion coefficient in addition to a total of: 0.43  Sv/h for 1 Bq/g. 

Total dose rate due of  U causing is: 0.43 Sv/h /(Bq/g) * 21.4 Bq/g=9.2 Sv/h. 

Total dose rate for workers in the waste treatment (assuming the time to work directly with 

the waste 4 h/day; 1,000 hours/year): 9.2 Sv/h * 1,000 h = 9.2 mSv/năm. 

The data analysis shows wastewater can ignore external dose caused by sewage. 

 2. Calculate the radiation safety for storage of treated waste 

Solid waste after processing by the method of cement chemistry, block members look like 

brick block will have the general radioactivity decreased about 10% (10% cement mixer). However, 

due to the phenomenon of cement to make a cover, curing of cement around the grains of 

radioactive waste should have limited the penetration of the radiation from inside the solid waste to 

the outside surface emissions have been cement. According to the actual measured data as cement 

uranium tailings waste, radioactivity on the surface of concrete reduced by 30% compared to when 

no cement. Thus, with the highest rate of external dose can be caused by solid waste (untreated) as 

calculated above is 9.5  Sv/h, after the cement, external dose due to the block cement waste 

chemical triggers are: 9.2 * 70%=6.44  Sv/h. 

Total dose rate for workers in the temporary storage of waste treated (assuming the time to 

work directly in the waste repository is2h/day; 500hours/year): 6.44Sv/h*500h=3.22mSv/year. 

Thus workers in the warehouse for temporary storage of waste treated to be average dose rate 

of five smaller still many times higher than the permitted level of occupational dose. 

3. Calculate the radiation safety for the burial of waste treated 

The waste after the cement has been preliminary survey permeability separation of 

radionuclides from cement waste water according to standard ANSI/ANS 16.1-1986.  

Speed radionuclides released into the environment, in the form of leakage index as a function 

based on the time to replace solvent. Therefore, the time to replace the solvent must be uniform for 

all test experiments. The solvent was sampled and replaced completely after about 2 hours, 7 hours, 

1 day, 2, 3, 4, 5, 14, 28, 43 and 90 days. Here we choose the test cycle to 28 days.  

Other important parameters are the leakage index "L", is the parameter that depends on the 

specific material being tested. 

Lis always dependent on the conditions and time leaks. If L> 6 is the standard form, less 

radioactive leaks or ions into the environment. The results of experiments and calculations are given 

in the following table: 
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Table 10: Results calculate the diffusion coefficient D and leaks L index. 

Rate 

residue/cement 

Effective diffusion coefficient (D) Leakage Index (L) 

Radiation α Radiation β Radiation α Radiation β 

85/15 6.2.10
-7 

2.5.10
-7 

6.2 6.6 

90/10 5.4.10
-7 

2.9.10
-7 

6.3 6.5 

Thus, the volume of waste after the cement has satisfied the conditions for the safe burial of 

hazardous waste buried. 

Studies assessed the possibility of the spread of radioactive elements into the environment, 

with the adoption of the basis functions and eligible to perform the burial of hazardous waste, can 

be assessedthat the buried waste is handled safely. 

4. Design  environmental safety system 

In line with drying equipment solid waste is likely to generate dust. Drying merely separate 

physical absorption of water from solid waste, radioactive gas. Emissions of mainly steam drying 

process can include dust. To handle dust, we designed two types of dust collectors work serial: 

Xyclon the and Rotoclon. 

VI. CONCLUSION 

On the basis of the technological process of ZOC production with waste sources of ZOC 

Vietnam plant, the project has conducted research on properties of the CTR in the ZOC production 

process from which to choose treatment methods.  

Solid wastes from ZOC production process compose mainly silica gel, insoluble ores and 

contain a number of heavy metals, beside solid wastes contain a small  radionuclides such as 

uranium, thorium which require subsequent processing steps before being buried at the specified 

location. 

The project has performed surveying studies on technological parameters of process of CTR 

cementation of ZOC production plant. By research we has evaluated the impact of parameters: 

cement mixing ratio, moisture content and particle size residue, NaCl content in residues effect to 

mechanical and chemical strength waste cemented block. 

The project has developed technological process and cementation equipment line to treat and 

stabilize CTR of ZOC production process. 

Project  has made calculation, design cementation equipment line to treat and stabilize CTR of 

ZOC production with a capacity of 3,000T CTR/year and estimation of construction cost as well as 

operating cost of equipment line. 
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