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ABSTRACT : The ore sample used in the research was taken from the F3 ore bodies and the sample of the F7, 

F9 and F16 ore bodies which contain the average of 5.98% TR2O3; they are multi-metals ore which is difficult 

to enrich, highly weather with very complex ingredients. The process of the experiment is the ore is crushed, 

grinded, screened and classified reasonably to-0.1mm and divided into 3 particle size with the following 

technique: (1)-0.020mm is primary sludge and the rare-earth fine ore; (2) 0.075-1mm is gotten through the 

sludge concentrating table with the output is the 2 parts: the heavy part which is dried magnetic separator with 

high magnetism to get the rare-earth fine ore and the light one; (3) Light minerals, non-magnetic and 

ferromagnetic minerals group are grinded together to 85% of them get size within-0.075 mm then mix it with 

0.020-0.075 mm group. Using flotation separator, get barite-rare earth mixture and fluorite. After that, we 

separate this mixture by secondary flotation and get refined rare earth, barite and fluorite mineral. 

The result of the theme: (1) product plan A-rare-earth fine ore has TR2O3 content archive 42.07% with 

recovery is 69.70%; (2) product plan B-rare-earth fine ore has TR2O3 content archive 29.64% with recovery is 

80.01%.  

 

1. THE PROJECT  OBJECTIVE  

The suggestion toward the procedure of the Dong Pao rare-earth enrichment technique to 

obtain the fine ore with the quality and the quantity is:  

(1) Refined barite with βBaSO4  90% and BaSO4   75%  acquired is 50 kg.  

(2) Refined fluorite with βCaF2  85%  and CaF2  60% acquired is 50 kg.  

(3) Refined rare earth minerals we get follow two option: 

+  Plan A: Refined rare earth with βTR2O3  42% and TR2O3  75 % acquired is 50 kg. 

+  Plan B: Refined rare earth with βTR2O3  30 % and TR2O3  90 % acquired is 50 kg. 

Project Information: 

- Code:  01/11/VCNXH 

- Managerial Level: Ministry 

- Allocated Fund: 700,000,000 VND 

- Implementation Time: 24 months (Jan 2012 – Dec 2013) 

- Contact Email: sudung1991@gmail.com 

- Papers published in relation to the project: 

1.  Duong Van Su, Truong Thi Ai, Bui Ba Duy, Le Quang Thai, Trinh Nguyen Quynh, Vu Khac Tuan, Bui 

Thi Bay, Nguyen Hong Ha. Summarize some of the results of the research about Lai Chau rare earth's 

beneficiation technology was published. 4
th

 National conference on mineral processing science and 

technology, Ha Noi 2014.(in Vietnamese). 

2.  Duong Van Su, Truong Thi Ai, Bui Ba Duy, Le Quang Thai, Trinh Nguyen Quynh, Vu Khac Tuan, Bui 

Thi Bay, Nguyen Hong Ha. Difficults in technology for rare earths milling process on Lai Chau’s ore. 4
th

 

National conference on mineral processing science and technology, Ha Noi 2014. 26
th

 National 

conference on milling science and technology, Vung Tau 2014. (in Vietnamese). 

 

 



VINATOM-AR 13--38 

 

The Annual Report for 2013, VINATOM 

 
284 

2. THE INTRODUCTION OF THE RESEARCH SAMPLE AND THE PROCESSING 

EQUIPMENT, THE MAIN ENRICHMENT METHOD USED IN THE STUDY 

2.1. The research sample 

The research sample is taken from the F3 ore bodies and the technical sample from the F7, 

F9 and F16 ore bodies of “The further probing the Dong Pao fluorite -barite rare-earth project in 

Ban Hon, Tam Duong, Lai Chau” in 2010 of Lai Chau rare-earth joint stock. The total of the mixed 

sample used to do the research is blended with the weight proportion of F3/F7/F9/F16=1.5/1/1/1, 

added up into 1 sample with the weight of 1650kg. 

2.2. The processing equipment and the main enrichment method used in the research. 

The main equipment of the project is introduced from Fig. 1 to Fig. 6.  

 
 

Figure 1:  Trammel screen, shaking - 

spiral classifier-vibrating screen. 

Figure 2:  Sludge concentration table 

BxL =  1.8x4.5 m (Chinese). 

 

  

Figure 3: Hydrocyclone D = 25.0 mm. Figure 4: Dry magnetic separator 138 T 

СЭМ (USSR). 

  

Figure 5: Wet magnetic separator with              

high intensity (USA). 

Figure 6: Floatation machine DENVER 

(USA). 
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2.3. Reasons for milling methods and equipment selection. 

With all the characteristics of ore's material composition, minerals in Dong Pao rare earth 

ores; we've chosen milling methods and equipment base on several reasons as follow: 

1.  Dong Pao rare earth ores are weathered, especially for rare earth minerals. Their form 

usually is friable powder, sometime clutching to each other by hydroxide iron gel. Rare earth 

minerals have strong bond and well mixed with most of accompany minerals, therefore smashing, 

grinding, screening step must be adequate to help release all minerals from stick together. It's 

suggested that ore should be smashed to below 1 mm particle size.  

2.  Rare earth content in primary sludge (with 0.020 mm particle size) is considerably rich; 

reach 24.77% TR2O3, so hydrocyclone separator is selected for primary sludge removal to refined 

ore. It's also advantage for following milling step. 

Rare earths are mostly concentrated in 0.075 mm particle size (Table 13-76.27% and Table 

14-78.10%), so smashed ore to 1.0 mm size is separated to 3 smaller size groups: (1) 0.075-1.0 mm; 

(2) 0.020-0.075 mm and (3) below 0.020 mm (primary sludge) in order to help later milling 

processes. 

3.  Density of minerals in this ore from heavy to light as follow:  hematite 5.0-5.2 > 

magnetite 4.9-5.2 > bastnaesite  4.7-5.0 > barite 4.3-4.5 > goethite 4.0-4.4 > limonite 3.3-4.0 > 

fluorite 3.0-3.2 > felspate 3.0 > crystal 2.5-2.8 >… dirt. It's realized that bastnaesite belong to group 

with very high density, therefore, we can use gravity separator to separate them to 2 groups base on 

their density: (1) heavy minerals group contain hematite, magnetite, bastnaesite and barite; (2) light 

minerals group contain fluorite, crystal and dirt. The analysis result show that rare earth content in 

light group is still high, so we can only use gravity separator right before dry magnetic separator to 

save energy for drying step. 

4.  Magnetism characteristic of minerals fin this ore from strong to weak as follow: 

magnetite (very strong) > hematite (strong) > Goethite (weak) > limonite (very weak) > bastnaesite 

(very weak) > … > barite (non magnetic) > fluorite (non magnetic) > crystal (non magnetic) > dirt 

(non magnetic). With the difference a bout magnetism, we can use magnetic separator to separate 

ore to 4 groups: (1) strong magnetic minerals; (2) weak magnetic minerals, (3) very weak magnetic 

minerals and (4) non magnetic minerals.  

On site experiments of Dong Pao rare earth ore milling reveal that bastnaesite mineral has 

very weak magnetism, so we have to use very strong magnetic separator with very high magnetism 

flux density, up to 1.5-1.8 millions Tesla. Ore with particle size from 0.075-1 mm is very 

susceptible with dry magnetic separator. Particle size of 0.075 mm and below can't be used with dry 

magnetic separator at any flux density, wet magnetic separator (American ERIEZ)  also ineffective 

on this particle size.  

5.  Water repellency of minerals: Ore sample has 3 useful minerals; among them, barite has 

highest natural floatability compare to fluorite and bastnaesite on any collector in the market. 

Fluorite and bastnaesite has similar floatability, depent on collector. As a result, in the flotation 

separate step, we must figure out most effective reagent with high selective on each minerals and 

optimum condition of flotation separate. 

2.4. Suggest an enrichment technological layout for Dong Pao rare earth ore. 

Base on the research off content, result collected from experiment of each enrichment 

method, model and actual condition, we have presented technological layout for enrichment of 

Dong Pao rare earth ore, combine several enrichment methods such as,classification, gravity 

concentration, magnetic separation with strong magnetic field, selective floation or collective 

floation, as shown in figure 7. Enrichment steps in this layout are listed as follow: 
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1.  Properly prepare ore, avoid grind it too fine. Trammel screen, shaking, grinding balls, 

vibrating screen and spiral classifier are used together to bring all ore particle below 1.0 mm size. 

2.  Using particle size classification methods (hydrocyclone, spiral classifier) to separate 

processed ore to 3 groups base on their particle size: (1) 0.075-1.0 mm; (2) 0.02-0.075 mm; (3) 

below 0.02 mm (primary sludge). Particle size below 0.02 mm are separated will bring advantages 

for later steps because it's already very fine rare earth refined ore. 

3.  Using gravity concentration (sludge concentrating table and multi gravitational separator) 

separate ore group with particle size 0.075-1.0 mm to two minor groups: (1) heavy minerals group 

and (2) light minerals group. 

4.  Dry magnetic separator with high magnetic field is use on dried heavy minerals group to 

separate it to 3 minor groups: (1) ferromagnetic minerals group (has strong and medium 

magnetism); (2)  rare earth minerals group (has weak magnetism) and (3) non magnetic minerals 

group-contain mostly barite). 

5.  Light mineral group and non magnetic minerals group and some of ferromagnetic group 

are grinded together to 0.075 mm particle size (at least 85%) and mix with 0.02 – 0.075 mm particle 

size group. After all, flotation separators are used to separate this mixture to refined rare earth ore, 

fluorite ore and barite ore. 

 
Figure 7:  Technological layout for enrichment of Dong Pao rare earth                                                  

ore in laboratory scale. 
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3. DONG PAO RARE EARTH MILLING PROCESS WITH TWO PRODUCTS 

Base on process has described in figure 7 and probe experiments' result, we has conclude it 

to two processes, which lead to two products as described in figure 8 and 9. There're some 

differences between these process as listed below: 

1. Hydrocyclone separate step: Particle size need to separate are 0.015 mm and 0.020 mm 

respectively. 

2. Dry magnetic separate under strong magnetic field step: differences between separate 

times.  

3. Flotation separate step: collector, depressor expenditures, time use on froth skimming, 

amount of cleaner circuit step. 

3.1.  Dong Pao rare earth milling process follow product A. 

Dong Pao rare earth milling process follow product A is demonstrate in figure 8. All the 

steps of this process are described in table 1 and listed below: 

- Run of mine (ROM) is dry screened on screens with 2 aperture size d1 = 5.0 mm and d2 

= 10.0 mm to 3 particle size  + 10.0 mm; 5.0-10.0 mm; -5.0 mm. Ore with 10.0 mm size are crushed 

in smooth-roll crusher to-5.0 mm size. 5.0-10.0 mm particle size ore will go through trammel 

screen, shaking and grinding machine, the mix with-5.0 mm particle and proceed through primary 

spiral classifier combine with vibrating screen with aperture size = 1 mm. Final product will be ore 

with particle size < 1.0 mm. circulation spigot product with size > 1.0 mm will go back to trammel 

screen, shaking again. 

- The product with particle size < 1.0 mm will go to secondary spiral classifier with 

topping threshold particle size 0.075 mm, we'll get 2 products in < 0.075 mm and 0.075-1.0 mm 

particle size. 0.075-1.0 mm size is separated on sludge concentration table to 2 groups: heavy and 

light. 

- Heavy group from concentration table is dried and go through dry magnetic separator 

138 T СЭМ (USSR) with field indensity H = 1.000-5.000 gauss and 15.000 gauss. We'll get 3 

products after this step as ferromagnetic minerals, refined rare earth minerals 1A and non-magnetic 

minerals A. 

- -0.075 mm size ore is separated by hydrocyclone with D = 25.0 mm (sand tube diameter 

dc = 6 mm and sludge flow pressure H = 2.5-2.8 kg/cm
2
) to 2 products with particle size-0.015 mm 

and 0.015-0.075 mm. Product with-0.015 mm particle size, also called as primary sludge has high 

rare earth content and named as refined rare earth minerals 2A. 

- Ferromagnetic, non-magnetic minerals and light group products from concentration 

tables are grinded to 85%-0.075 mm and mixed together with 0.015-0.075 mm size ore from 

cyclone to form a product named assorted product-0.075 mm.  

- Assorted product-0.075 mm, barite and rare earth are fed together in primary flotation 

separator with reagent’s ingredients as follow: depressor is liquid glass with dosage 2.500 g/t, pH 

modifier is sodium bicarbonate with dosage 1.200 g/t to get pH = 10.5, collector S-SDS with dosage 

650 g/t with froth skimming time 7 minutes. 

- Floating products from flotation separator also go to secondary flotation separate to get 

barite with reagent's ingredients as follow: depressor is liquid glass with dosage 2.000 g/t, collector 

BEROL 2014 with dosage 650 g/t. Primary refined barite minerals will go through 2-3 milling 

process to get refined barite and middlings. Sinking products from process above are separated by 

selective flotation one more time to get rare earth minerals with 2.000 g/t liquid glass as depressor 

and 550 g/t sodium oleate as collector. Primary refined rare earth mineral will go through 3 milling 
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processes to get refined rare earth and middlings. All middlings are send back to the primary 

flotation separator. 

- Sinking products from primary flotation separator will go through secondary flotation 

process with 2.000 g/t liquid glass as depressor and 900 g/t acid oleic as collector to get fluorite. 

Primary refined fluorite mineral will go through 3 milling process to get refined fluorite and 

middlings. Middlings will be sent back to the beginning of this process. 

Table 1: Milling process follow product A. 

Separate step Milling process and products 

Magnetic 

separate step 

Field intensity, gauss Products 

 1000-5000 Ferromagnetic ore 

 15000 Refined rare earth ore 1A 

Hydrocyclone 

separate step 

D = 25.0mm 

Sand tube 

diameter 

db,mm 

Sand tube 

diameter 

dc,mm 

Sludge flow 

pressure H, 

kg/cm
2
 

Products 

4.0 6.0 2.5-2.8 - 0.015mm 

(refined rare 

earth ore 2A) 

0.015-

0.075mm 

Flotation 

separate step 

Reagent’s ingredients, Time use on froth 

skimming, amount of cleaner circuit. 

Reagent 

expenditures, g/t 

Time, 

minute 

Collective 

flotation step 

on barite and 

fluorite 

-  Sodium bicarbonate 

-  Liquid glass 

-  S-SDS 

-  Time use on froth skimming 

1200 

2500 

650 

- 

4 

4 

4 

7 

Flotation 

separate step 

on barite 

-  Liquid glass 

-  BEROL 2014 

-  Time use on froth skimming 

-  Amount of cleaner circuit. 

2000 

650 

- 

- 

4 

4 

6 

2-3 

Flotation 

separate step 

on rareearth 

-  Liquid glass 

-  Sodium oleate 

-  Time use on froth skimming 

-  Amount of cleaner circuit. 

2000 

550 

- 

- 

4 

4 

4 

3 

Flotation 

separate step 

on fluorite 

-  Liquid glass 

-  Acid oleic 

-  Time use on froth skimming 

-  Amount of cleaner circuit. 

2000 

900 

- 

- 

4 

4 

4 

3 

The result of milling process follow product A (figure 8) on mixed ore is describe in table 2 

and on F3 ore is describe in table 3. 
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Quality of refined product A (DH-A) is evaluated by multi-element  analysis at Geology 

Analysis and Experiments Center and presented in table 4. Total acquired quantity of DH-A from 

project is 50.0 kg. 

 
 

Figure 8: Dong Pao rare earth milling process follow product A. 
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Table 2: Result of Dong Pao rare earth ore enrichment follow                                                          

product A on mixed ore. 

No Products Yield % 
Content,% Recovery,% 

TR2O3 BaSO4 CaF2 TR2O3 BaSO4 CaF2 

1 
Rare earth 

fine ore 1A 
0.69 59.21 1.98 1.17 6.83 0.05 0.07 

2 
Rare earth 

fine ore 2A 
3.25 25.96 9.28 4.15 14.11 1.17 1.09 

3 
Rareearth 

fine ore 3A 
5.97 48.86 18.66 3.22 48.76 4.31 1.55 

4 

Total Rare 

earth fine 

ore DH-A 

9.91 42.07 14.42 3.38 69.70 5.54 2.71 

5 
Barite fine 

ore 
20.25 2.53 92.35 2.63 8.57 72.45 4.31 

6 
Fluorite 

fine ore 
8.51 1.59 2.38 85.23 2.26 0.78 58.73 

7 Tailings A 61.33 1.90 8.93 6.90 19.47 21.23 34.25 

ROM 100.00 5.98 25.81 12.35 100.00 100.00 100.00 

 

Table 3: Result of Dong Pao rareearth ore enrichment  follow                                                          

product A on F3 ore. 

No Products Yield % 
Content,% Recovery,% 

TR2O3 BaSO4 CaF2 TR2O3 BaSO4 CaF2 

1 
Rare earth 

fine ore 1A 
1.38 51.13 3.65 0.82 5.61 0.09 0.09 

2 
Rareearth 

fine ore 2A 
9.92 38.69 22.44 3.08 30.53 4.16 2.54 

3 
Rareearth 

fine ore 3A 
10.51 44.24 34.20 5.20 37.00 6.72 4.55 

4 

Total Rare 

earth fine 

ore SS-96 

21.81 42.15 26.92 3.96 73.15 10.98 7.18 

5 
Barite fine 

ore 
43.50 2.96 92.55 5.57 10.24 75.27 20.14 

6 
Fluorite 

fine ore 
8.12 4.43 4.33 87.54 2.86 0.66 59.08 

7 Tailings A 26.56 6.50 26.37 6.16 13.74 13.09 13.60 

ROM 100.00 12.57 53.49 12.03 100.00 100.00 100.00 
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Table 4: Result of multi-element analysis of rareearth fine ore DH-A and DH-B.  

No 
Value, 

concentration 

Barite fine 

ore 

Fluorite fine 

ore 

Rare earth 

fine ore DH-A 

Rare earth 

fine ore DH-B 

1 TR2O3; % 2.53 1.59 42.07 29.64 

2 BaSO4; % 92.35 2.38 14.42 15.56 

3 CaF2; % 2.63 85.23 3.38 6.41 

4 CaO; % 0.41 1.97 1.30 2.29 

5 SiO2; % 1.86 1.38 1.23 4.97 

6 Fe; % 0.25 0.36 0.61 2.64 

7 U; ppm 3.0 5.0 2.0 5.0 

8 Th; ppm 5.0 7.0 5.0 4.0 

3.2. Dong Pao rare earth milling process follow product B. 

Dong Pao rare earth milling process follow product B is demonstrate in figure 9. All the 

steps of this process are described in table 5 and listed below:  

- COM is dry screened on screens with 2 aperture size d1 = 5.0 mm and d2 = 10.0 mm to 

3 particle size  + 10.0 mm; 5.0-10.0 mm; -5.0 mm. Ore with 10.0 mm size are crushed in smooth-

roll crusher to -5.0 mm size. 5.0-10.0 mm particle size ore will go through trammel screen, shaking 

and grinding machine, the mix with -5.0 mm particle and proceed through primary spiral classifier 

combine with vibrating screen with aperture size = 1 mm. Final product will be ore with particle 

size < 1.0 mm. Circulation spigot product with size > 1.0 mm will go back to trammel screen, 

shaking again. 

- The product with particle size < 1.0 mm will go to secondary spiral classifier with 

topping threshold particle size 0.075 mm, we'll get 2 products in < 0.075 mm and 0.075-1.0 mm 

particle size. 0.075-1.0 mm size is separated on sludge concentration table to 2 groups: heavy and 

light. 

- Heavy group from concentration table is dried and go through dry magnetic separator 

138 T СЭМ (USSR) with field intensity H = 1.000-5.000 gauss, 14.000 gauss and 15.000 gauss. 

We'll get 3 products after this step as ferromagnetic minerals and non-magnetic minerals B. Two 

magnetic products acquired from 14.000 and 15.000 gauss condition are mixed together to form 

refined rare earth minerals 1B. 

- - 0.075 mm size ore is separated by hydrocyclone with D = 25.0 mm (sand tube 

diameter dc = 4.0 mm and sludge flow pressure H = 1.5-1.8 kg/cm
2
) to 2 products with particle size 

-0.020 mm and 0.020-0.075 mm. Product with-0.020 mm particle size, also called as primary sludge 

has high rare earth content and named as refined rare earth minerals 2B. 

- Ferromagnetic, non-magnetic minerals and light group products from concentration 

tables are grinded to 85%-0.075 mm and mixed together with 0.020-0.075 mm size ore from 

cyclone to form a product named assorted product-0.075 mm.  

- Assorted product-0.075 mm, barite and rare earth are fed together in primary flotation 

separator with reagent’s ingredients as follow: depressor is liquid glass with dosage 2.500 g/t, pH 

modifier is sodium bicarbonate with dosage 1.200 g/t to get pH = 10.5, collector S-SDS with dosage 

650 g/t with forth skimming time 8 minutes. 
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- Floating products from flotation separator also go to secondary flotation separate to get 

barite with agent's ingredients as follow: depressor is liquid glass with dosage 2.000 g/t, collective 

BEROL 2014 with dosage 650 g/t. Primary refined barite minerals will go through 2-3 milling 

process to get refined barite and middlings. Sinking products from process above are separated by 

selective flotation one more time to get rare earth minerals with 2.000 g/t liquid glass as depressor 

and 650 g/t sodium oleate as colector. Primary refined rare earth mineral will go through 3 milling 

process to get refined rare earth and middlings. All middlings products are send back to the primary 

flotation separator. 

- Sinking products from primary flotation separator will go through secondary flotation 

process with 2.000 g/t liquid glass as depressor and 900 g/t acid oleic as collector to get fluorite. 

Primary refined fluorite mineral will go through 3 milling process to get refined fluorite and 

middlings. Middlings will be sent back to the beginning of this process. 

The result of milling process follow product B (figure 9) on mixed ore is describe in table 6 

and on F3 ore is describe in table 7. 

Quality of refined product B (DH-B) is evaluated by multi-element analysis at Geology 

Analysis and Experiments Center and presented in table 4. Total acquired quantity of DH-B from 

project is 50.0 kg. 

 

        Figure 9: Dong Pao rare earth milling process follow product B. 
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Table 5: Milling process follow product B. 

Separate step Milling process and products 

Magnetic separate 

step 

Field intensity, gauss Products 

 1000-5000 Ferromagnetic ore 

 14000 Magnetic 2 Refined rare 

earth ore 1B 
 15000 Magnetic 3 

Hydrocyclone 

separate step 

D = 25.0mm 

Sand tube 

diameter 

db,mm 

Sand 

tube 

diameter 

dc,mm  

Sludge flow 

pressure H, 

kg/cm
2
 

Products 

4.0 4.0 1.5-1.8 -0.020mm 

(refined rare 

earth ore 2B) 

0.020-

0.075mm 

Flotation separate 

step 

Reagent’s ingredients, Time use on 

froth skimming, amount of cleaner 

circuit 

Reagent 

expenditures, 

g/t 

Time, 

minute 

Collective 

flotation 

step on 

barite and 

fluorite 

-  Sodium bicarbonate, 

pH =10,5 

-  Liquid glass 

-  S-SDS 

-  Time use on froth 

skimming 

1200 

2500 

650 

- 

4 

4 

4 

8 

Flotation 

separate 

step on 

barite 

-  Liquid glass 

-  BEROL 2014 

-  Time use on froth 

skimming 

-  Amount of cleaner 

circuit. 

2000 

650 

- 

- 

4 

4 

6 

2-3 

Flotation 

separate 

step on 

rare earth 

-  Liquid glass 

-  Sodium oleate 

-  Time use on froth 

skimming 

-  Amount of cleaner 

circuit. 

2000 

650 

- 

- 

4 

4 

6 

2 

Flotation 

separate 

step on 

fluorite 

-  Liquid glass 

-  Acid oleic 

-  Time use on froth 

skimming 

-  Amount of cleaner 

circuit. 

2000 

900 

- 

- 

4 

4 

4 

3 
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Table 6: Result of Dong Pao rare earth ore enrichment follow product B on mixed ore. 

No Products 
Yield 

% 

Content,% Recovery,% 

TR2O3 BaSO4 CaF2 TR2O3 BaSO4 CaF2 

1 
Rareearth fine 

ore 1B 
1.18 47.73 2.12 1.67 9.42 0.10 0.16 

2 
Rareearth fine 

ore 2B 
5.66 23.31 9.31 4.33 22.06 2.04 1.98 

3 
Rareearth fine 

ore 3B 
9.30 31.20 21.07 8.28 48.53 7.59 6.23 

4 
Total Rareearth 

fine ore DH-B 
16.14 29.64 15.56 6.41 80.01 9.73 8.38 

5 Barite fine ore 20.25 2.53 92.35 2.63 8.57 72.45 4.31 

6 
Fluorite fine 

ore 
8.51 1.59 2.38 85.23 2.26 0.78 58.73 

7 Tailings B 55.10 0.99 7.98 6.41 9.16 17.03 28.58 

ROM 100.00 5.98 25.81 12.35 100.00 100.00 100.00 

 

Table 7: Result of Dong Pao rareearth ore enrichment  follow product B on F3 ore. 

No Products 
Yield 

% 

Content,% Recovery,% 

TR2O3 BaSO4 CaF2 TR2O3 BaSO4 CaF2 

1 
Rareearth fine 

ore 1B 
1.89 46.21 4.53 1.07 6.95 0.16 0.17 

2 
Rareearth fine 

ore 2B 
16.17 31.59 25.61 3.22 40.64 7.74 4.33 

3 
Rareearth fine 

ore 3B 
14.91 29.27 35.80 5.33 34.72 9.98 6.60 

4 
Total Rareearth 

fine ore SS-98 
32.97 31.38 29.01 4.05 82.31 17.88 11.10 

5 Barite fine ore 43.50 2.96 92.55 5.57 10.24 75.27 20.14 

6 
Fluorite fine 

ore 
8.12 4.43 4.33 87.54 2.86 0.66 59.08 

7 Tailings B 15.41 3.74 21.49 7.56 4.58 6.19 9.68 

ROM 100.00 12.57 53.49 12.03 100.00 100.00 100.00 

 

4. RESULTS, CONCLUSIONS AND SUGGESTION 

4.1.  Results and conclusions about material composition of Dong Pao rare earth ore. 

1. Research samples had very complex material composition, belong to group of "multi-

metals" ore and the ore itself is very hard for milling. Total rare earth oxide is not too high, only 
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5.98% Tr2O3. However, barite and fluorite take a large part, for detail:  25.81% BaSO4, 12.35% 

CaF2. There're many miscellaneous minerals come together with rare earth with high content of Ca, 

Al, Fe, Si, S, Mn, Pb, Mg,... In the samples also contain radioactive elements like uranium and 

thorium in low proportion, 18 ppm and 3 ppm respectively. Rare-earth minerals mostly exist in 

bastnaesite form. In this kind of ore, barite take a large contain, 4 to 5 times when compare to all of 

other rare-earth oxide contain together. Moreover, some of rare-earth element exist in Yttrofuorite 

form (Ca,Y)F2-3 and fluorite form CaF2[(CaF2)0.75(YF3)0.25].  

2. Dong Pao ore is highly weathered carbonate deposit, mostly rare earth minerals. Their 

primary structure mostly destroyed to friable powder, sometime clutching to each other by 

hydroxide iron gel. It has strong bond and well mixed with most of accompany minerals. 

3. Minerals in Dong Pao ore are diluted or separated in fine and very fine grain. 

Orientation and distribution of rare earth and two other assimilate minerals barite and fluorite is 

very sharp. The finer grain, the higher content of rare earth and it goes opposite with barite and 

fluorite. Rare earth concentrate in fine particle size-0.075 mm. Rare earth content in primary sludge 

-0.020 mm is pretty high: 24.77% TR2O3. 

4.2.  Results and conclusions about material composition of Dong Pao rare earth ore. 

We have selected milling technology of Dong Pao rare earth ore as a combination of many 

enrichment methods. 

- Crude ore is handled properly to grain size-1.0 mm by hydrocyclone and spiral classifier 

and separate to 3 sizes: (1) 0.075-1.0 mm; (2) 0.020-0.075 mm and (3)-0.020 mm. Particle size-

0.020 mm is primary sludge, has high content of rare earth elements and can be considered refined 

rare earth minerals. 

- Separate Dong Pao rare earth ore which sizes 0.075-1.0 mm to 2 sub groups (1) heavy 

minerals and (2) light minerals using sludge concentration table. Follow this step, using dry 

magnetic enrichment to separate heavy minerals group to 3 sub groups: (1) ferromagnetic minerals, 

(2) rare earth minerals (weak magnetism) and (3) non-magnetic minerals.  

- Light minerals, non-magnetic and ferromagnetic minerals group are grinded together to 

85% of them get size within-0.075 mm then mix it with 0.020-0.075 mm group. Using flotation 

separator, get barite-rare earth mixture and fluorite. After that, we separate this mixture by 

secondary flotation and get refined rare earth, barite and fluorite mineral. 

- Refined minerals have met the follow quality requirements and quantity as follow: 

Refined barite with βBaSO4 content = 92.35% and the recovery of BaSO4 72.45% acquired is 50 kg. 

Refined fluorite with βCaF2 = 85.23% and the recovery of CaF2 58.73% acquired is 50 kg. Refined 

rare earth minerals we get follow two option: 

+  Plan A: Refined rare earth with βTR2O3 = 42.07% and the recovery of TR2O3 69.70% 

acquired is 50 kg. 

+ Plan B: Refined rare earth with βTR2O3 = 29.64% and the recovery of TR2O3 80.01% 

acquired is 50 kg. 

- Technology diagram for Dong Pao rare earth minerals in laboratory scale has chosen as 

figure 9 and technological quality acquired as follow this technology introduced in table 6. 

4.3.  Suggestions 

1.  In order to avoid unnecessary risk when design an build a rare earth milling factory in 

Lai Chau, it is imperative to run experiments in larger scale (semi-industrial scale) for testing this 

technology diagram and collect all the technological and economical parameters which are closest 

to real scale operation. It'll serve well for technological design and project initiate of the factory. 
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2.  Lai Chau rare earth milling technology is “flexible” and “open”; it can adapt to material 

composition of various ore bodies. 

3.  In real industrial scale, in order to has it reasonable from all aspect of technology, 

economy and especially guarantee using precious resources in most effective way; it should be 

round up the rare earth elements oxide in refined minerals from 30.0-35.0 %. 
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