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ABSTRACT: This report presents the technology improvement and a production line to produce high quality 

zinc oxide of purity upper than 99.5% ZnO by evaporation-oxidation method. Secondary zinc metal recovered 

from galvanizing industrial  will  undergo a pre-treatment to meet all requirements of standardized feed 

material for evaporation-oxidation process.  Zinc metal is melted at a temperature of about 650
0
C,  some 

impurities and metallic oxides are separated preliminary, then zinc metal  is converted into liquid in 

evaporation pot. Here the temperature is maintained around 1050
0
C, zinc liquid is evaporated, zinc vapor is 

oxidized by air in the oxidation chamber naturally by oxygen in the air and then zinc vapor is converted to zinc 

oxide. Zinc oxide is passed through a product classification systems and then go to a product collection of 

filtering bag design. The whole process of melting, evaporation, oxidation, particles classification and product 

collection is a continuous process. The efficiency of the  transformation of zinc metal into  zinc oxide can reach 

the value of 1.1 to 1.2. ZnO product quality is higher than 99.5%. 

Keywords:  ZnO, zinc oxide; French process. 

I. OVERVIEW 

Zinc oxide production technology by evaporation-oxidation method was developed long ago 

in the world to produce zinc oxide products  of high quality, this method has a very high production 

efficiency and has low impact on the environment. Due to lack of zinc metal in the domestic 

market, evaporation-oxidation method has not developed in our country. Currently, we have some 

factories for production of zinc metal of high grade (99.95% Zn) by electrolysis in our country so 

the research and development a technology for zinc oxide production by evaporation-oxidation 

method is feasible and valuable. 

Oxidation evaporation method is used to produce zinc oxide of high quality . The raw 

material of this method is primarily zinc ingots with purity 99.95% of zinc by electrolysis and 

ingots source of lower purity (from 95 to 98.5%) recovered from secondary zinc metal. According 

to this technology, zinc metal is fed into the melting pot, and then liquid zinc is transferred to the 

oven to evaporate the liquid to zinc vapor. Zinc vapor then is oxidized in the oxidation chamber by 

oxygen to form zinc oxide. 

Zinc oxide produced by this method has a very high quality, so it can be used in many 

industrial fields such as rubber vulcanization, high quality industrial coatings, plastics, ceramics, 

pharmaceuticals, cosmetics, etc. 

Technology fundamentals 

The chemistry of the production process by evaporation-oxidation method can be 

represented by the following reaction equation: 
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              Zn(solid)      →          Zn(liquid)                            (1) 

              Zn(liquid)      →          Zn(gas)                                             (2) 

                         2Zn(gas)  + O2    →         2ZnO                                              (3) 

II. TECHNOLOGY IMPROVEMENT 

We have implemented this project with the following specific measures: 

1. Selection of materials for the production of zinc oxide 99.5% by evaporation-oxidation  

method. 

2. Research a technology for removal of impurities  in the raw materials by means of 

liquation method. 

3. Improvement of  evaporation- oxidation furnace. 

2.1. Selection of materials for the production of zinc oxide 99.5% by evaporation-

oxidation  method 

The selection of materials for production is very important, it does not only affect the cost of 

production but also affects the process technology. 

Raw materials used for the production of zinc oxide by  evaporation oxidation method 

consists of two materials: 

1. Zinc metal recycled from zinc galvanizing technology. This is the source of high quality 

material, but its quality is not high enough  to serve the  needs of evaporation-oxidation technology 

for zinc oxide production as material inputs  has shown in The Table 1. 

Table 1: The specification of zinc for zinc oxide production lines                                                                        

by evaporation-oxidation method. 

Spieces Unit Conc. 

Zn % ≥ 95.0 

Fe % ≤ 2.0 

Pb % ≤ 0.5 

Cd % ≤ 0.05 

Cu % ≤ 0.05 

Mn % ≤ 0.005 

Al % ≤ 0.2 

2. The second source of raw materials is high quality zinc metal Zn 99.95% supplied by 

Thai nguyen electrolytic zinc plant. This is an excellent quality material for the production of zinc 

oxide 99.9% by evaporation oxidation method, however this is also very expensive. Depending on 

the intended use, quality requirements as well as zinc oxide production costs we will select 

appropriate materials. 

2.2. Removal of impurities  in the raw materials by means of aliquation method 

Based on the analysis of the phase diagram of the binary system Zn - Pb and references on  

zinc metal refining, the project has conducted separate trials of zinc secondary Pb in order to 

standardize chemical inputs for evaporation oxidation furnace. Specifically, the secondary zinc 

materials typically have the following composition: 



VINATOM-AR 14--31 

 

The Annual Report for 2014, VINATOM 

 
299 

Zn=  93-95%; 

Pb= 1-1.5%; 

Fe  < 0.5%. 

Thus, compared to standard of zinc raw materials for the production of ZnO 99.5% by 

evaporation oxidation method (Table 1), Pb impurities should be separated to reduce Pb content.  

 

Figure1: Phase diagram of the Zn-Pb system [2] 

Experiments  for removal of Pb by aliquation method 

- Apparatus: 

- Electric furnace 1000
o
C; 

- Test tube made of graphite, h=7cm, d = 2cm; 

Chemicals and materials: 

Zinc metal secondary with a specified compositions, determined by titration method.  

Sample 1 (M1) : Zn 95.8%; Pb 0.71%. 

Sample 2 (M2) : Zn 93.9%; Pb 1.27%. 

Sample 3 (M3) : Zn 93.2%; Pb 1.35%. 

After a planar crystallization in the furnace, the cylindrical metal block will be sampled by 

the height of the cylinder. Determine concentration of Zn, Pb. 

The experimental results have shown in the table 2. 

The experimental data shows that, by using aliquation method we can obtained about 80% 

of zinc to be satisfied the needs  as materials for production of high quality ZnO by evaporation 

oxidation method . 

The laboratory tests were repeated with the time to maintain temperatures for aliquation 

process, the minimum time for the aliquation is about 11-12h. 

A trials for removal of Pb by Aliquation 
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Table 2: Test results for removal of Pb by aliquation. 

Sample Before aliquation 
Point of 

sampling 

After aliquation (%) 

Pb Zn 

M1 

Zn 95.8%; 

Pb 0.71%. 

 

1 0.2 98.2 

2 0.2 98.2 

3 0.44 97.5 

4 0.6 97.1 

5 1.32 96.0 

M2 

Zn 93.9%; 

Pb 1.27%. 

 

1 0.25 97.3 

2 0.35 97.3 

3 0.50 96.1 

4 0.95 95.0 

5 2.20 95.0 

M3 

Zn 93.2%; 

Pb 1.35%. 

 

1 0.25 97.1 

2 0.42 97.0 

3 0.81 95.2 

4 0.98 94.2 

5 2.43 94.2 

Composition of material for trial Zn 93.9%; Pb 1.27% (sample M2). 

- Equipment: Cast-iron cylinder, ; V = 30 l ; h= 40 cm. 

- The process of testing and sampling conducted similar process was conducted in the 

laboratory. Each test batch of 100 kg of zinc raw materials. 

- The process of trial-scale production test shows need to extend the time to maintain the 

temperature. Total time needed for aliquation is 20h, experimental results are similar to the results 

of experiments in laboratory oven. This can be explained by the droplet deposition process of Pb is 

longer due to the height of the pot is increased. 

2.3.  Improvements of evaporation-oxidation furnace and heating options 

2.3.1. Heating options 

Currently, liquefied natural gas (gas), fuel oil (FO and DO) and coal are 3 types of fuel 

commonly used in the industry. Gas and oil has the advantage of clean energy, easy to adjust 

temperature and control automated. The biggest disadvantage of Gas and oil  is its high cost,  so the 

use of coal as a fuel will allow reducing production costs, then the product will has a comparative 

cost in the market. That's why coal gasification technology has been chosen in this project. 

2.3.2. Improvements of evaporation oxidation furnace  

Limitations of old evaporation oxidation furnace  

Figure 2 describes the structure of the furnace combustion chamber oxidation conventional 

evaporation. The downside of this design: 
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                Figure 2: Limitation of old vaporisation oxidation furnace. 

1. Boiler pot for melting zinc is homemade by the Center for Technology Deployment  its 

lifetime is not high (10-15 days) so the production should not be  continuously.  

2. The charging door of the furnace is not closed, the air in many well-formed zinc oxide 

layer on the surface, preventing the evaporation of liquid zinc, thereby reducing the efficiency of 

zinc oxide to zinc metal is only 0.8 to 0.9 (theoretically 1.245). 

3. The air supply system is not good so oxygen for the oxidation of zinc oxide is mainly 

taken from the loading door, causing a lost of heat, which reduces the efficiency of conversion of 

zinc vapor to zinc oxide. Moreover,  the temperature of the zinc oxide obtained before dust 

collection is high, so it decrease the lifetime of the bag for dust collection system. 

4. The amount of molten zinc which did not transfer to the vaporization chamber is high, 

so it should be reduced the efficiency of zinc oxide. 

5. The quality of zinc oxide off old production line is only 98% -99% . 

6. The consumption of coal is high, it  cost 1.1 to 1.2 kg of coal/ 1kg product. 

Based on analyzing the disadvantages of the old system and refer to the technological 

references from Malaysia, China, we decided a technology transfer from China for setting up a zinc 

oxide production line by evaporation-oxidation. 

By using new design, the aforementioned disadvantages of the old design had to be 

overcome: 

- There are two zinc melting pot, the impurities are separated in two liquid zinc pot before 

being transferred to the pot evaporates. 

- Evaporation crucible is closed to minimize the oxidation zinc in the evaporator. 

- Zinc vapor is oxidized in the oxidation chamber, oxygen supplying for oxidation is the 

oxygen in air. Thereby   the temperature of the zinc oxide when put into the collection chamber is 

reduced. 

Zinc oxide is drawn into the collection chamber filter bag by pressure differences naturally, 

so the zinc oxide obtained with very fine particle size. 

After a test study, design and a selection of equipment, we have built a system  including 

major equipment listed below. 

1. Coal gasification system: 

- Diameter of the oven: 1.2 m. 

- Consumption of coal: 180-230 kg/h. 
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- Gas production: 450-700N m
3
/h. 

- Heat capacity of coal gas: 5020-6060 KJ/m
3
. 

2. Evaporation System oxidation oven: 

- Capacity 75 ton / month; 

- System of  pipeline, dust collection for Zinc oxide products made of stainless steel 

SUS304. 

- ZnO product collector is a bag filter system. 

3.  Product classification equipment 

4. Bagging product system. 

 III. TRIAL PRODUCTION 

Technological procedure: Figure 3 shows the schematic process for manufacturing zinc 

oxide of  99.5% and 99.9% ZnO by evaporation oxidation method. 

 

Figure 3: Technology schema for high quality zinc oxide(99.5% ) production line                                                    

by using evaporation oxidation method. 
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03 trials with two different types of materials shows the obtained quality ZnO 99.5% and 

99.9% depending on material inputs. 

- Evaporation-oxidation furnace was able to create products of high quality zinc oxide 

with the appropriate material. 

- The requirements for the inputs of the production of high quality ZnO are presented in 

Table 1. The compositions of ZnO obtained have shown in the Fig. 4 and Fig. 5. 

Table 3: The obtained ZnO 99.5% compositions. 

No. Species unit Conc. 

1 Zinc oxide (ZnO) % ≥ 99.5 

2 Lead (Pb) % ≤ 0.1 

3 Cadmium (Cd) % ≤ 0.005 

4 Copper (Cu) % ≤ 0.0008 

5 Manganese (Mn) % ≤ 0.005 

6 Acid-insoluble matter % ≤ 0.05 

7 Water-soluble matter % ≤ 0.05 

8 Surface area m
2
/g ≥ 3.5 

9 Weight loss on ignition % ≤ 0.25 

10 Volatile matter % ≤ 0.15 

11 Sieve residue 45 µm % ≥ 99.9 

 Table 4: The obtained ZnO 99.9% compositions. 

No. Species unit Conc. 

1 Zinc oxide (ZnO) %  ≥ 99.9 

2 Lead (Pb) %  ≤ 0.005 

3 Cadmium (Cd) %  ≤ 0.005 

4 Copper (Cu) %  ≤ 0.0005 

5 Manganese (Mn) %  ≤ 0.0002 

6 Acid-insoluble matter %  ≤ 0.01 

7 Water-soluble matter %  ≤ 0.1 

8 Surface area m
2
/g ≥ 4.5 

9 Weight loss on ignition %  ≤ 0.2 

10 Volatile matter % ≤ 0.1 

11 Sieve residue 45 µm % ≤ 0.05 

The XRD (Fig.4) of product and SEM image (Fig.5)  analysis showed that the products was 

of good quality.  
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Figure 4: XRD of ZnO 99.5% 

  

Figure 5: SEM image of  ZnO 99.5% and ZnO 99.9% 

IV. CONCLUSIONS 

The Project “Improving technology and setting up a  production line for high quality zinc 

oxide (99.5%) with a capacity of 300 ton/year by evaporation-oxidation method has been 

implemented as registered in the Project Notes. Specifically: 

- Technology improvement: The Projects completed all technology items, aimed at the 

stages of production of zinc oxide, especially focused on the process of raw material pre-treatment 

by using aliquation.. By using pretreated secondary zinc metal, ZnO product meet all requirements 

of high quality ZnO. The main technological parameters have been established and a new zinc 

oxide production line by reduction-oxidation process has been built.    . 

- Technology equipment: The selection of fuel for evaporation oxidation has been 

considered. The option of coal gasification instead of DO or natural gas is a reasonable and 

effective solution. The project has received technology transfer from China, in which the new 

production line technology and equipment have overcome the drawbacks of older technologies, 

particularly the performance of zinc and zinc oxide reaches 1.1-1.2; product quality meet all 
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requirements of ZnO 99.5%; Pb <0.15 for the process of vulcanizing rubber, paint, plastic, 

ceramics, .... 

- Production: The total amount of product produced during the time of implementing the 

project was 455 tons. Zinc oxide products met all the requirements of vulcanized rubber technology. 

In fact, the production cost will be reduced at a larger production scale by the depreciation of 

equipment and less labor consumption. 
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