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TECHNOLOGY DEVELOPMENT FOR RECOVERY OF INDIVIDUAL 
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EARTH CONCENTRATED ORE OF VIETNAM  

 
Hoang Nhuan

1
, Le Ba Thuan

1
, Luu Xuan Đinh

1
, Tran Hoang Mai

1
, Nguyen Van Phu

1
, Le Hai Son

1
, 

Nguyen Đinh Viet
1
, Le Thi Bang

1
, Nguyen Thanh Chung

1
, Nguyen Thi Thuc Phuong

1
, Hoang Xuan 

Thi
1
, Nguyen Thi Thanh Thuy

1
,  Hoang Thi Tuyen

1
, Ly Thanh Vu

1
, Nguyen Trong Hung

1
,                          

Nguyen Van Tung
1
, Nguyen Thanh Thuy

1
, Nguyen Xuan Chien

1
, Nguyen Minh Son

1
,                                         

Đoan Thi Mo
1
, Doan Dac Ban

1
, Tran Thi Hong Thai

2
, Yoshiuyki Aiba

3
,                                                             

Hiroaki Nishimura
3
, Yamasaki Hidehico

3
, Yosuke Kawata

3
, Yoshiaki Sibata

 3
, etc

4
. 

1
Institute for Technology of Radioactive and Rare Elements (ITRRE),                                                                               

48 Lang Ha, Dong Da, Hanoi, Viet Nam. 

2
Viet Nam Atomic Energy Institute (VINATOM),                                                                                                                  

59 Ly Thuong Kiet, Hoan Kiem, Hanoi, Viet Nam. 

3
Toyota Tsusho Company, Japan. 

4
JOGMEC, MMTC, NYC etc. Japan. 

 

 

 

 

 

 

 

 

 

 

ABSTRACT: In this work, the research results on RE processing process at laboratory scale and pilot scale 

was reported and discussed. Experimental research on thermal decomposition and sulfate process of basnaesite 

ore with sulfuric acid in electric furnace was carried out, the different roasting conditions, mass transfer rate, 

reactions and RE and/or non-RE behaviors during roasting and leaching were investigated. The roasting 

temperatures were 450
0
C and 550

0
C. With higher roasting temperature and longer roasting time, the RE 

recovery yield reduced. The RE recovery yield reached the highest (over 94%) at roasting temperature of 

550
o
C for 2 hrs. The different extracting conditions for separation of REEs were investigated in laboratory 

scale as well as pilot scale. At pilot scale, the separation of REEs was performed on 120-stage extraction 

system produced by Japan, using PC88A solvent dissolved in IP2028. The volume of each stage was 20L. The 

results showed that REEs were separated from RE resource of Vietnam and individual RE elements such as La, 

Ce, Pr, and Nd were obtained at high purity. The parameters for each extraction stage were reported in this 

work. The results indicated that in order to obtain highly purified Nd (>99%), it needs to use an extraction 

system with higher stage number, about 200 stages. The extraction data at pilot scale of this investigation was 

used as basic data for calculating parameters for extraction system in industrial scale. 

Keywords: Basnaesite, feed, rafinate, RE, TREEs, TREO, PC88A, IP, TOA. 

I. INTRODUCTION 

In recent years, the research and application of rare earth elements have gained remarkable 

achievements. Besides the common applications in many industries such as manufacturing 
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electronic materials, glass technology, optical, magnetic materials, modified alloys, 

superconducting materials, nuclear materials, growth stimulants in agriculture, etc. there is the 

promotion for application of rare earth materials to manufacture the advanced materials for 

industrial production of environment- friendly cars, motor hybrid, mobile phone, petrochemical 

catalyst technology and organic synthesis. 

Vietnam is a country with rich resources of rare earth, but the exploitation and processing of 

rare earth and introducing products to the market is limited because of the lack of effective 

processing technology. The development of rare earth industry  requires advanced processing 

technology for the separation, purification to obtain the pure rare earth elements and research on 

applications of rare earth industry to serve  economic and technical sectors. 

This Protocol project is the counterpart contribution to Vietnam in the research program of 

deep processing of rare earth resources in cooperation with Japan at its early phase, based on the 

support of the Government of Japan on equipment investment and technical support for research. 

Since 2011, Japan has invested in building pilot research in Phung interim of ITRRE and 

collaborated with the ITRRE to establish the center of transferring Rare Earth Technology (RTTC) 

in Vietnam. The RTTC has carried out research on the process of production of rare earths 

including mineral beneficiation, calcination for decomposition, dissolving and removing of 

impurities, solvent extraction to recover the high-purity (over 99%) of rare earth oxide that can be 

met the standard for material  industry. Research results of the Project are basic parameters for the 

constructive design of rare earth processing plant for recovery of light rare earth group from 

bastnaesite mine at Dong Pao, Lai Chau, Vietnam. 

II. ACTIVITIES OF THE PROJECT 

A. REQUIREMENT AND PURPOSE OF THE PROTOCOL PROJECT 

- Investigating flotation, decomposition roasting, leaching, purification and extraction 

rare earth (RE) elements from laboratorial scale to pilot scale using RE ore Dong Pao Viet Nam. 

- Training science staff for man power resource of RE processing field in Vietnam. 

1. Responsibility of two sides 

a. Responsibility of Vietnam 

- Getting equipment funded by Japan. 

- Implementing scientific investigations at laboratorial scale and pilot scale with main 

subject of RE ore Dong Pao, Vietnam. 

- Exchanging investigating results, comparing experimental data and participating HR 

training course in RE processes.  

- Optimizing technological processes and testing operation of processes at pilot scale, 

building technology for processing RE ore at RE mine. 

b. Responsibility of Japan 

- Funding equipment, material facilities for investigation. 

- Guiding operation of equipment and investigation of technological process. 

- Exchanging investigation results. 

- Training science researchers in RE processing for Vietnam. 
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B. CONTENT OF WORKS AND ACHIEVEMENTS 

1. Content of works in rate of progress 

a. Works have been done in 2012 

- Building and setting up the laboratories, pilot plant for science investigation. 

- Receiving equipment and testing operation of equipment. 

- Flotation and enrichment of ore Dong Pao, recovery of RE ore with 40% TREEs.  

- Research on roasting for ore concentrate decomposition by using sulfuric acid. 

- Investigating leaching for getting RE sulfate solution.  

b. Works have been done in 2013 

- Investigating leaching for getting RE chloride solution. 

- Building technological process for separating heavy RE group and light RE group using 

liquid-liquid extraction with experimental extraction system and pilot extraction system. 

- Building technological process for separating La, Ce, Pr, Nd from mixture of total RE 

elements. 

- Investigating for removing U, Th for hydro-metallurgy process and extracting process.  

- Operation of extractive system for recovery total rare earths of light group. 

c. Works have been done in 2014 

- Investigation of separating process to get the individual RE elements. 

- Investigating distribution of radioactive elements during whole ore processing. 

- Treating and managing radioactive elements after removing from RE concentrated ore 

following stipulations of Vietnam and international organizations. 

2. Content of international cooperation, know-how exchanging and training 

- Organized 3 groups of ITRRE staff for scientific workshop, exchanging scientific issues 

with Japan experts at factories, training and researching centers in Japan in 2012, 2013 and 2014.  

- Receiving many groups of Japan experts for fitting up equipment, training operating staffs 

and problem-handling staffs.  

 

Experimental extraction system in MMC‟s Lab.:                      

Nov. of 2012. 

 

ICP-AES/MS Equipment in MMC‟s Lab.: 

August of 2013. 
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Meeting in Naka Energy Research Lab.:                         

Sep. of 2014. 

  
 

 

3. Equipment’s purchased by the Protocol project 

- Laboratorial extraction system for building overall extraction process: 30 stages, and 

more (60 stages), volume of each stage: 3L/box. 

- Pilot extraction system: 6 stages, volume of each stage: 200L/box. 

- Water purification system (ion exchanging system and pressure reverse osmosis 

membranes-RO) for separating extraction, capacity of 200 m
3
/day. 

 

Laboratorial extraction system: 

30 stages (3L/stage). 

 

Pilot extraction system:                          

6 stages (200L/stage). 

 

Water purification system. 

 

C. EXPERIMENTAL RESEARCH AND DISSCUSION 

1. Research on thermal decomposition of Dong Pao bastnaesite ore by sulfuric acid   

1.1.  Mineral and chemical contents of basnaesite ore concentrate 

 
 

 

 

 

Figure 1: SEM image of bastnaesite  

concentrate. 

Closing course date at Naka Energy Research 

Lap.: Sep. of 2014. 
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The morphology and particle size of Dong Pao rare earth ore were illustrated in Figure 1 and 

2, the average size was 11.3 µm and the particle distribution was quite uniform and the bulk density 

was about 1.6 g/cm
3
. This morphology and size seemed to be suitable with mixing ore and acid for 

transferring RE fluorocarbonate into RE sulfate.  
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Figure 3: XRD patterns of bastnaesite                      

concentrate ore. 
Figure 4: Thermal properties of bastnaesite 

concentrated ore measured in air. 

Table 1: Contents of RE elements in Dong Pao ore. 

N
o
 Element 

Concentration 

(g/Kg) 

Rate 

(%) 
N

o
 Element 

Concentration 

(g/Kg) 

Rate 

(%) 

1 Sc 5,00 1.41 9 Gd 2.80 0.79 

2 Y 2.20 0.62 10 Tb 0.18 0.05 

3 La 116.67 32.80 11 Dy 0.45 0.13 

4 Ce 159.80 44.93 12 Ho 0.10 0.03 

5 Pr 16.00 4.50 13 Er 0.06 0.02 

6 Nd 46.47 13.07 14 Tm 0.02 0.01 

7 Sm 4.70 1.32 15 Yb 0.07 0.02 

8 Eu 1.10 0.31 16 Lu 0.03 0.01 

    17 TREEs 355.65 34.68 

 

Figure 2: 

Distribution of 

Dong Pao rare  

earth ore‟s particle 

size. 
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The figure 3 showed XRD patterns of concentrated ore. That indicated that the main mineral 

components of bastnaesite concentrated ore were quartz, fluorocarbonate (REFCO3), a little bit of 

monazite (REPO4). The TG of Dong Pao ores was measured in air (Fig. 4) showed that the main 

peak was at the temperature range of 450 ÷ 500
o
C. It meant that in this temperature range, 

decomposition of rare earth fluorocarbonate mineral and the release of carbon dioxide occurred. 

Therefore, the range temperature of 450÷500
o
C was chosen for investigation of decomposition 

roasting the mixture of ore-acid. 

The results of chemical content (Table 1) of Dong Pao concentrated ore showed that 

concentrated ore contained almost light RE elements such as La, Ce, Nd and PR. The heavy RE was 

contained negligibly. The main impurities were radioactive elements such as Th and U, and the 

other elements such as Ca, Mn, Fe and Mg.  

1.2. Thermal decomposition process of Dong Pao bastnaesite ore 

    

Figure 5: Images of roasted ore at different condition (D1-D4). 

 As shown in Fig. 5, it can be seen that with different roasting conditions, the products have 

different colors. For example, with roasting temperature of 450
0
C, the color of products became 

darker (as grey as natural ore „color) than the color of products decomposed at higher roasting 

temperature of 550
0
C (the product‟s color are orange or red). The reason of changing color of 

products is during decomposing ore with concentrated sulfuric acid at high temperature, Fe2(SO4)3 

transferred into Fe2O3 (samples D3 and D4). 

1.3. Leaching process for obtainment of RE sulfate solution 

Roasted ore was grinded, then leached by water at room temperature. The leaching 

conditions were as follows: Solid/liquid rate of 1/8; leaching time of 2h; using MgO for 

neutralization of leachate at pH = 4 to remove some impurities such as Fe and Th as hydroxide 

precipitation. However, when increasing pH of solution, a part of RE would be precipitated causing 

decrease of RE recovery yield.  

1.4. Optimization of roasting and leaching processes 

Based on experimental data about concentration of RE and impurities in initial concentrated 

ore, in leachate and remaining residue of thermal decomposition at different roasting conditions 

(samples D1 to D4), it indicated that the mass transfer rate of total RE elements in general and each 

RE element in particular depend on thermal decomposition and sulfate process. With roasting 

temperature of 400
o
C and roasting time in range 2 ÷ 3.5h, the longer roasting time was, the higher 

recovery yield of light REEs was (Figure 6). With roasting temperature of 550
o
C, the longer 

roasting time was the lower recovery yield of REEs. The reason of this was at higher roasting 

temperature, the metal existing in ore was transferred completely into sulfate salts. When lasting the 

roasting time, a part of these salts was decomposed and transferred into oxide forms. These oxides 

dissolved difficultly in water, thus preventing RE from dissolving into solution, causing decrease of 

RE recovery yield (Figure 6 and 7). Therefore, the rate of ore/acid = 1/1.8 (by weight), roasting 

temperature of 550 
o
C, roasting time of 2hrs were chosen as optimal roasting conditions with RE 

recovery yield of over 94% (Figure 7).  
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Figure 6: Light RE recovery 

efficiency at different roasting 

conditions. 

Figure 7: Total RE recovery 

efficiency at different conditions. 
Figure 8: Dissolving efficiency of 

main impurities into solution of 

samples D1-D4. 

The effects of roasting conditions on RE recovery rate and impurity recovery rate were 

shown in Fig. 8. The results showed that, with roasting temperature of 400
0
C and roasting time of 2 

÷ 3.5hrs and with roasting temperature of 550
o
C and roasting time of 2 hrs., the concentrations of U 

and Th in leachate were almost same; however, with longer roasting time and higher roasting 

temperature, the dissolving rate of U and Th decreased. Especially, in the case of Fe, the 

concentration of Fe sharply decreased when lasting roasting time and increasing roasting 

temperature. Roasting ore and acid at high temperature was one of the methods for removing 

impurities that coexist with REEs. Conversely, in the case of Mn impurity, when increasing 

temperature and lasting roasting time, the concentration of Mn in the solution increased (Fig. 8) 

1.5. Purification of RE sulfate solution and trans of RE sulfate into RE chloride 

After leaching decomposed basnaesite ore, the main impurities that co-exist with RE 

elements are sulfate forms of: Fe, Mn, Ca, Mg, Th, U, so on that are dissolved into solution as 

sulfate forms. In order to get highly purified RE product, it is necessary to remove non-RE from RE 

solution.  

The most popular method for removing Fe and Th in RE solution is increasing pH of 

solution, and then adding MgO. When pH of solution reaches about 4 ÷ 4.5, ions of iron, thorium 

would be hydrolyzed and then precipitated and deposited on the bottom, finally they would be 

removed by filtration. 

Other method for removing impurities is double sodium sulfate precipitation using sodium 

sulfate; Sodium sulfate was added into RE sulfate solution forming sodium rare earth sulfate 

precipitation. After filtering precipitation, almost soluble non-RE material would be in liquid phase. 

Thorium and Uranium are radioactive impurities that harms environment, thus it is 

necessary to remove them. During chemical treatment of rare earth mine, a large amount of thorium 

and uranium will be released, so it needs to isolate them. The methods of adjusting pH and 

precipitating double sulfate salt do not remove completely radioactive elements. Another way 

applied to remove them entirely is solvent extraction using mixture of amines agent that can extract 

directly thorium and uranium from RE sulfate solution. 

In this part, both of two methods mentioned above, would be used to remove impurities 

from RE solution. Firstly, using MgO for neutralization of leachate, then increasing pH up to 4 for 

removing Th and Fe, then precipitating double sulfate salt and RE carbonate salt. After that, using 

mixture of amine solvents for separating radioactive elements of Th and U. Finally, using double 

sulfate method and RE carbonate method for getting highly purified RE solution. 

The results of hydrolysis process showed that when pH of solution was adjusted to 3.5, 99% 

of Fe was removed; the TREEs were lost 5%. However, the Th and U still remained in after-treated 

solution (4.0 and 10.7 mg/L), corresponding to removal of 90% Th and 35% U, respectively, and 
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the concentrate of Mg increased so much. So it needs to purify further by double sulfate and RE 

carbonate precipitation. 

Further purification of RE solution after treating by MgO was performed as follows: adding 

Na2SO4 with RE/ Na2SO4 = 1/2 (by molar), reaction temperature of    80 
o
C, stirring time of 2 hrs. 

After reaction, the precipitation of NaRE(SO4)2 was formed and then this precipitation would be 

filtered to remove impurities. The sodium RE sulfate was converted into hydroxide form by using 

sodium hydroxide. Finally, dissolving RE hydroxide by using hydrochloride acid to prepare RECl3 

solution. The ICP-MS results showed that after treating with double sulfate method, TREEs lose 

5%, uranium was removed completely, the concentrate of Mg reduced sharply from 785 to 6 ppm. 

Combination of both two purification processes (neutralization and double sulfate method) 

showed that the loss of TREE was about 10% in total, the remaining impurity concentrations in 

solution were very low. 

Another method supposed for further purification of RE solution was RE carbonate 

precipitation. The ammonium bicarbonate was added into sulfate solution with RE/NH4HCO3 = 1/3 

(by molar). The reaction time was 2 hrs. and temperature was 80 
o
C. After finishing reaction, rare 

earth carbonate solid form (RE2(CO3)3) was filtered, then dissolved by hydrochloride acid and 

RECl3 was obtained. The RE and impurity analyzing results showed that the mass transfer rate of 

RE reached 91.3% and the content of impurities was higher than those of solution that was treated 

by double sulfate process. Especially, Th and U still remained in the solution, so it is necessary to 

remove thorium and uranium before removing other impurities. 

Amine solvent extraction often is used for extraction of Th and U nitrate. However, using 

amines for extraction of radioactive elements from RE sulfate solution just has been developed 

recently. Amine N1923 can extract Th in sulfate medium and amine TOA can extract U in sulfate 

medium. Therefore, using mixture of N1923 and TOA can extract Th and U from RE in sulfate 

medium.  

In this work, extraction of Th and U was performed using mixture of TOA and N1923 with 

the concentrations of 0.01M and 0.015M, respectively. The extraction system contained 4 stages for 

extraction, 3 stages for scrubbing and 4 stages for stripping. The solution for scrubbing was H2SO4 

0.1M, the solution for stripping was HCl 2M. The funnel used for solvent extraction was 60 mL 

funnel. The results showed that 95% Th and U was extracted into organic phase and the content of 

the other impurities decreased lightly after extraction. 

2. Process of rare earths separation and extraction by PC88A solvent 

The 120 stages counter current continuous extraction system has including the steps used to 

extract and steps for the tripping, which used 20% PC88A solvent, 4.5N NaOH, 3N HCl acid... The 

counter current continuous extraction is the process, in which the solvent runs upstream with an 

aqueous solution. During this extraction process, the rare earth elements (RE) will be competed 

extraction with each other. RE which have the ability to create stable complex with PC88A will 

push out other RE from unstable complexes and turned down to the aqueous phase. Acid solution in 

the extraction system separates RE from complexes and cleaning solvents to continue the next 

extraction process. In addition, acid is also effective to create separation between the rare earth 

elements together. 

For the effective extraction and product collection, we need to be interested in research and 

management for material balance in the extraction system. The distribution and  accumulation of 

RE at different positions in the extraction system depend on operating regulations and time [7, 8]. 

Generally, the REs stand together for low separation factor, so it is necessary to have a lot of time to 

reach equilibrium and need enough separation steps to extract the elements and separated from each 
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other. Thus, to ensure the efficiency of the extraction process, the management research and tightly 

controlled distribution of RE at each extraction steps is needed. 

To assess the distribution of the RE during the extraction, the solution in the grade 1, 10, 20 

and 100 are removed from the system and then analysis element of RE for their distribution. 

Stage 1: Separation of La, Ce group and Pr, Nd… Lu group 

The parameters of separation of La, Ce group from total RE-Cl solution by pilot-scale 

extraction system as follows: 

- Using 120-box extraction system containing 80 boxes for extraction and 40 boxes for 

recycling used solvent; 

- Parameters for operation: solution of PC88A 20% (by volume) with flow rate of 3L/m; 

NaOH 4.5N with flow rate of 0.14L/m; HCl 4N with flow rate of 0.25L/m; feed solution of 150g/L; 

pH at neutralization tank: 3-3.5; adding feed 150g/L into box 50 with flow rate of 150mL/m; 

draining out La/Ce group product at box 15 with flow rate of 110mL/m; draining out Pr, Nd…Lu 

group at box 70 with flow rate of 17.5mL/m. 

Stage 2: Separation of Ce from La, Ce group 

The parameters of separation of Ce from La/Ce group (product of stage 1) by pilot-scale 

extraction system as follows: 

- Using 120-box extraction system containing 80 boxes for extraction and 40 boxes for 

recycling used solvent; 

- Parameters for operation: solution of PC88A 20% (by volume) with flow rate of 3L/m; 

NaOH 4.5N with flow rate of 0.14L/m; HCl 3N with flow rate of 0.32L/m; feed solution of 150g/L; 

pH at neutralization tank: 3-3.5; adding feed 150g/L into box 50 with flow rate of 150mL/m; 

draining out La product at box 15 with flow rate of 75mL/m; draining out Ce product at box 60 with 

flow rate of 75mL/m. 

Stage 3: Separation of highly-purified La from La solution containing impurities 

The parameters of separation of highly-purified La from La solution containing impurities 

by pilot-scale extraction system as follows: 

- Using 80-box extraction system containing 45 boxes for extraction and 35 boxes for 

recycling used solvent; 

- Parameters for operation: solution of PC88A 20% (by volume) with flow rate of 3L/m; 

NaOH 4.5N with flow rate of 0.14L/m; HCl 3N with flow rate of 0.32L/m; feed solution of 150g/L; 

pH at neutralization tank: 2.7-3; adding feed 150g/L into box 5 with flow rate of 150mL/m; 

draining out La product at box 30 with flow rate of 150mL/m. 

Stage 4: Separation of Pr, Nd group and Sm… Lu group 

The parameters of separation of Pr, Nd group and Sm…Lu group by pilot-scale extraction 

system as follows: 

- Using 80-box extraction system containing 45 boxes for extraction and 35 boxes for 

recycling used solvent; 

- Parameters for operation: solution of PC88A 20% (by volume) with flow rate of 2L/m; 

NaOH 4.5N with flow rate of 0.09L/m; HCl 4N with flow rate of 0.19L/m; feed solution of 150g/L; 

pH at neutralization tank: 2.8÷3.2; adding feed 150g/L into box 32 with flow rate of 150mL/m; 

draining out Pr/Nd group product at box 18 with flow rate of 140mL/m. 
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Stage 5: Separation of Nd and Pr, Nd group 

The parameters of separation of Nd from Pr, Nd group by pilot-scale extraction system as 

follows: 

- Using 120-box extraction system containing 100 boxes for extraction and 20 boxes for 

recycling used solvent; 

- Parameters for operation: solution of PC88A 20% (by volume) with flow rate of 2L/m; 

NaOH 4.5N with flow rate of 0.09L/m; HCl 3N with flow rate of 0.22L/m; feed solution of 150g/L; 

pH at neutralization tank: 2.8÷3.2; adding feed 150g/L into box 35 with flow rate of 150mL/m; 

draining out Nd product at box 90 with flow rate of 130mL/m; draining out Pr, Ce at box 2 with 

flow rate of 20mL/m. 

3. Summarise 

During the implementation of the Protocol Mission, research team in ITRRE has completed 

research objectives with the results as follows: 

a) Studied mineralogy, chemical composition of rare earth Dong Pao. Mineralogical 

composition of Dong Pao is mainly barite, fluorite, bastnaesite, and a number of associated 

minerals. The average composition of the rare earth ore is relatively low about 8-10%. This ore 

should be received by the dry magnetic and flotation recruitment method to collect over 40% of 

concentrated RE ore. 

b) Completed the construction of the decomposition technology of Dong Pao concentrated 

RE ore by directly decomposition techniques with H2SO4 using laboratory furnace and simulation 

rotary furnace. During this hydrometallurgical, recovery performance of RE in the laboratory and 

pilot are over 94%. The specifications of this process as the proportion of acid to the ore, firing 

temperature, time for heating are determined. During the decomposition firing process, we also 

determined the gas absorption phenomena, treating waste gas to make comments for building plant 

later. The results of this small-scale study has provided specifications for the operator environment. 

c) Completed the construction of dissolve technology for RE after firing decomposition and 

refining RE solution from the dissolving solution. The condition of dissolving and excluding 

impurities were taken in the process. 

d) Completed the process of transfer salts from RE-SO4 to RE-Cl by carbonate precipitation 

and solvent extraction method. We have published two processes that are precipitated carbonate and 

solvent extraction. The carbonate precipitation process is efficient and simpler than dual sulphate 

precipitate but the more impurities. The impurities are separated by dissolving process of RE 

carbonate with HCl acid. 

e) Completed the construction the separation technology process of Th, Fe impurities and 

other impurities by neutral method. In this case, there are 98% Fe and Th removing from RE 

sulphate solution when the pH is elevated to 4. However, RE would be precipitated about 5%. 

f) Completed the separating research of Th, U by solvent extraction techniques with amine 

levels are 1 and 3. The Th and U will be eliminated in the stage for cleaning RE sulphate solution. 

Relative cleaning Th and U amounts will be used for other purposes. 

g) Developed the technology process for separating light-heavy RE by liquid-liquid 

extraction techniques (based on the characteristics of the Dong Pao ore). 

h) Completed the process for separating and refining La, Ce, Nd and Pr by solvent 

extraction techniques on pilot scale. The light REs were separated by solvent extraction system that 

has 120 steps and the purity of the REs are about 99%, however Nd and Pr pair needs more than 

steps. Initially, accessing to RE separation technology using solvent extraction on large equipment 
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with high performance and advanced technology from Japan. 

D. SCIENTIFIC PRODUCTS OF THE PROTOCOL PROJECT  

1. Technological process for separation and recovery of individual pure RE elements 

from ore concentrate Dong Pao 

- Diagram of overall treatment of concentrated ore. 

- Tables of data of RE concentrations and U, Th concentrations at different technological 

stages. 

- Process for decomposition roasting of concentrated ore. 

- Process for leaching and getting total RE elements. 

- Process for transferring from RE-SO4 into RE-Cl using carbonate precipitation and 

solvent extraction. 

- Process for removing Th and U using solvent extraction. 

- Process for separating heavy-light RE groups and separating La, Ce, Nd and Pr using 

solvent extraction. 

2. Science results Published 

- 02 scientific articles in National Chemistry Journal, No. T53 and T54 in 2015. 

- Scientific reports, seminar in Vietnam, Japan and training course reports. 

3. Training 

In the implementation time of Protocol project: 03 master of  RE includes Nguyen Thanh 

Thuy, Nguyen Van Phu and Le Hai Son (graduating). 

4. Some of RE products in practice 

- Total RE-carbonate  > 95% TREO: 200kg. 

- Total light RE elements > 98% TREO: 150kg. 

- Pure rare earth oxides: La2O3 (>99%)  10kg; CeO2 (>99%)  15kg; Nd2O3 (>99%)   

5kg; Pr6O11 (>99%)  2kg.  

III. CONCLUSION 

During the implementation of Vietnam - Japan Protocol Mission, we have studied in detail 

the separating and refining process of light RE from concentrated RE ore. The results which 

received from these process are very important to build a RE processing plant in Vietnam. It 

improves the process of mineral resources and reduced export resources. Some specific content and 

results: 

- Built 07 basic technology processes which are the basis for the processing technology of 

RE ore Dong Pao in Lai Chau; 

- Recruited 25 tons of ore which has 17% and obtained 10 tons of ore containing more 

than 40% of rare earth; 

- Fired decomposition and sulfated about 10 tons of concentrated ore, receiving a number 

of tons of light RE; 
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- Dissolved and prepared solution for the extraction proccess; constructed processes, 

operated the extract equipment and obtained hundreds kilogram of light RE and tens kilogram of 

pure REs such as La, Ce, Nd, Pr. 
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