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Brazil, state Amazonas, city Manaus 

Brazil 

Amazonas Mina Pitinga 

Manaus City 

Paved Road 
250 km 

Off Road 
50 km 

Pitinga Mine is located 350 km away from the capital Manaus, 
Access is by paved road (250 km) and off road (50 km). 

PITINGA OVERVIEW: Location 
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Tonnage Grades Contained Metal

Sn Nb2O5 Ta2O5 Sn Nb Ta

Reserves (Mt) (%) (%) (%) (kt) (kt) (kt)

Proven 88 0.17 0.21 0.03 151 186 24

Probable 113 0.14 0.20 0.03 161 232 31

Total Reserves 201 0.16 0.21 0.03 312 417 55

Resources

Measured 97 0.16 0.21 0.03 155 200 26

Indicated 233 0.11 0.20 0.03 258 462 62

Inferred 185 0.09 0.19 0.03 170 355 47

Asset Overview 

Highlights 

 World’s single largest tin deposit of contained resources with Niobium and 

Tantalum as significant by-products 

 Largest producer of sustainable tantalum 

 Vertically integrated through the Pirapora smelter and refining plant 

 Community friendly asset, with no social issues causing production to stop 

Status  Producing 

Mine Type  Open-Pit 

Location  Amazonas, Brazil  

Metals  Tin, niobium and tantalum byproducts 

Product Type 
 Tin and niobium-tantalum concentrates 

 Pyrometallurgical refining to produce a niobium-tantalum alloy 

Mining Method  Conventional open pit  

Mining and Processing 

 Mine Life: 30 years 

 LOM Production: ~6.5 kpta tin in concentrate, ~5.6 ktpa Ferroalloys 

 LOM Average Net Cash Cost: US$(775) / t Sn(1) 

Geology & 

Mineralization 

 Disseminated cassiterite, pyrochlore and columbite that is hosted by a rare-

element peralkaline granite complex 

Infrastructure 

 Transportation: Close proximity to developed road infrastructure, including 

Manaus-Boa Vista, BR-174 road 

 Hydroelectric Power Plant (UHE) and smelter for Nb and Ta ferroalloys on site 

at the operation 

Tailings 

 Facility designed to accommodate 200 Mt of tailings  

 Uses backhoes and dozers to optimize the tailings disposal at the dams and 

provide maintenance to the auxiliary structures of the dam 

Pitinga 

Reserves and Resources as of 12/31/2020 

Location 

Source: Company information. Notes: (1) Cash cost per ton of tin = (Pitinga and Pirapora production cost - production value of ferroalloys + selling and freight expenses, excluding depreciation 

and amortization) / (tin sold in tons).  
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Geology 5 
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Mineralogy 

Source: Company information. Notes: As of 11/30/2021 5 

Elements Mineral Formula

Sn Cassiterite SnO2

Nb and Ta
Columbite and

Pyrochlore

Columbite: (Mn, Fe) (Nb, Ta)2O6

(*) Pyrochlore: A2(Nb, Ta)2O6Z

Y, (**) REE Xenotine Y-(Th, U, REE)PO4

Zr Zircon ZrSiO4

U and Th Thorite (U, Th)SiO4

Note:

(*) A= Na, Ca, Sn, Sr, Pb, Sb, Y, U, Th or H2O

(*) Z= OH, F, O, H2O

(**) REE= Y, Yb, Er, Dy, Ho, Lu, Tm, or Gd
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Regional Geology 
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PITINGA OVERVIEW: Taboca’s Property 



INTRODUCTION TO TABOCA:  
 

Asset Overview – Pitinga Unit 

5 Km

PRODUCTION FLOWCHART - PITINGA

LAVRA 
ROCHA SÃ

BRITAGEM & CONCENTRAÇÃO

PRÉCONCENTRADO

886 t/dia
2,75% Sn
2,31% óxido NbTa

Recuperação Sn 70,5%
Recupertação NbTa 45,0%

18.090 t/dia

P 80 < 200 mm
0,189 % Sn
0,251% óxido NbTa

PIRAPORA
DO BOM JESUS

CASSITERITA

14.613 t/ano
48% Sn

7.014 finos Sn/ano
Recuperação Sn 75,2%

COLUMBITA

10.648 t/ano

33,0% óxido NbTa
3.519 t finos NbTa/ano
Recupertação NbTa 54,9%

UBM

LIGA FeNbTa

3.866 t/ano
47,8% NbTa
1.849 t finos NbTa/ano

Recuperação 71,7%

METALURGIA

BRITAGEM

REBRITAGEM

CONCENTRAÇÃOMOAGEM

8 Km

FLOTAÇÃO

DE ESTANHO

PLANTA

DE MISTOS
FLOTAÇÃO

DE NIOBATOS

BACIA DE RELAVES

1. Mine 

2. Crushing 

3. Milling 

4. Spirals 

5. Flotation plant 

6. Tin Smelter 

7. NbTa Smeter 

1 
2 

3 
4 

5 

6 

7 

8 



48 

138 

255 

7 

70 

112 

216 

222 

140 

8 

113 

61 

255 

192 

0 

127 

127 

127 

246 

146 

0 

146 

154 

44 

166 

183 

39 

14 

118 

188 

Process Overview – Simplified Process Summary 

9 

Current Process Overview 

Simplified Process Diagram 

Pirapora 

Metallurgy 

Pitinga 

Metallurgy 

Concentration UBM 

Sn 
Pitinga (AM) 

Ore from Pitinga Mine 
Cassiterite 

Columbite 

Pirapora – PBJ (SP) 

FeTa 6% 

FeNb 58% 

FeNb 

Ta 
4% 

 The mining operation is followed by gravitic, flotation and two specific smelters: 

– One smelter in Pirapora do Bom Jesus (PBJ) / SP that produces tin from cassiterite concentrate 

– Other unit is in Pitinga (PTG) / AM and processes columbite to produce alloys 
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REE Project 
Development 
5 
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Legend: Process Product 

 

R E E / ZR 
 

F L O W S H E E T 
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RE/Zr. Production: Produce RE and Zr 
 

Initiatives 
 •  Processing UBM or columbite cleaning wastes to extract Zr and Rare Earth Elements/REOxides products 

 -  Taboca’s UBM and columbite cleaning wastes have high concentration of these strategic elements. There seems to be growing demand for these elements. 

Simplified process flowsheet 
 

NTC 
 

1. Phase I 
 
2. Phase II 
 
3. Phase III 
 
4. Phase IV: Ta metal 
 
5. Phase V: PBJ waste 
 cleaning 

 A.   NTC Production 
 

Pitinga (AM) Pirapora - PBJ Cassiterite 
 
Ore from (SP) 
 Pitinga 

 

Pirapora 
Metallurgy 
 

Sn B.   Ta metal in PBJ 
 C.   Ta metal integrated 

 
Mine 

 
Phase V 
 

6. 
 

RE & Zr Production 
 

Concen- 

 tration 

 

UBM 

 
FeTa 6% 10% 
 

A.   RE & Zr concentrate 
 B.   RE & Zr oxide 
 Phase C.   Ta metal Production 

 IV 
 

UBM waste 

 cleaning Phase III 

 

Columbite Pitinga 
 Metallurgy 

 

FeNb 58% 65% 

 Ta 

 Metal 

 
Zr 

 

RE 

 
RE 

 

FeNbTa 

 

4% 

 

SAO 
 

Taboca Full Potential_Technica   ... 
 

136 
 

REE and Zr Production 
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Produce RE, Zr products from: UBM or columbite waste 

R E E / ZR 
 

O N E  PA G E R 
 

Description / Scope 
 
• Monetize waste stream from UBM and 

 columbite cleaning: 

 - RE, Zr a: Recover RE and Zr from columbite 

 flotation tails to produce RE bulk concentrate 

 and Zr concentrate 
 

- RE, Zr b: Recover RE and Zr from columbite 
 

Process 
 

Mine    Concentration 
 

Chemical 
 Plant 

 

Metallurgy 
 

Classification 
 

Value 
 levers 
 

+ Volume 
 

Distance 
 to core 
 

+Quality/ New New 
 Price Products sources 

 

flotation tails to produce RE bulk 
concentrate, DyO, TbO and Zr refined 
 
products 
 

- RE, Z c: Recover RE & Zr from columbite 

 cleaning to produce a RE bulk concentrate 
 and Zr oxide 

 

Rationale 
 
• Waste streams are rich in Zr and REE 

 and constitute potentially competitive 

 “mines” 
 

• Taboca could serve as a reliable source 

 of these strategic materials outside of 

 China 
 

•  RE, Zr a: Leaching with H2SO4, roasting and 
 washing 
 
•  RE, Zr b: Leaching with H2SO4, roasting, 
 washing and SX 
 
•  RE, Zr c: Columbite leaching using H2SO4, 
 followed by removal of U and Th 

 

Products 
 
•  RE, Zr a: RE bulk & Zr concentrate 
 
•  RE, Zr b: Separated REO: DyO, TbO & Zr 
 refined products 
 
•  RE, Zr c: REE bulk concentrate and Zr oxide 
 

Core One Step  Two Steps 
 

• New products (REE & Zr) 

 • New process (REE & Zr production) 

 

Critical aspects 
 
• Market: What is the appropriate 

 entry point for Taboca in both Zr and 

 REE markets: concentrate or oxides or 

oxalates? 
 • Technical : Would Taboca achieve a 

 customized flowsheet adjusted to 

its mineral more cost competitive? 

 
SAO 
 

Taboca Full Potential_Technica   ... 
 

137 
 

REE and Zr Production 
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Preliminarly Resource Estimate 

 
NOTES: 
•Summary by Cut-Off levels TREO (%) 
•Topography at the end of May 2018 
•Resources limited by Dc17 Optimum Pit 
•Lithological types granite Core and granite Edge 
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Rare Earth Composition – Lab Solution vs Geology 

0,0

5,0

10,0
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(%

) 

Percentual elementar em relaçao ao somatório de ETR's: Ensaios sequenciais em maior escala (LA + 
CA) - COLUMBITA 

LA -> Licor LA -> Lavagem CA -> Licor Ca -> Lavagem 1

CA -> Lavagem2 CA -> Lavagem 3 CA -> Lavagem 4

% na Geologia

Y2O3 200,2      31,25%

La2O3 22,7         3,55% LHEO 155,3     24,24%

Ce2O3 79,6         12,43% HREO 485,5     75,76%

Pr2O3 10,2         1,59%

Nb2O3 27,6         4,31%

Sm2O3 15,2         2,37%

Eu2O3 0,4           0,06%

Gd2O3 18,2         2,84%

Tb2O3 8,1           1,26%

Dy2O3 69,5         10,84%

Ho2O3 17,1         2,67%

Er2O3 64,4         10,05%

Tm2O3 12,1         1,88%

Yb2O3 84,5         13,18%

Lu2O3 11,1         1,73%

Sc2O3 2,6         0,40%

640,8     100,00%
Lu

Geology - % TREO+Y 

% TREO+Y – PLS (Pre Leach Solution) 
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FlowSheet and Mass Balance 

 

Mine 
  

Concentration Tin flotation (Sn) 
Niobate plant 

Mistos Plant 

BP-200 BP- 030 

Alimentação Plata de Sn / Planta Niobatos – BP30- BP200 

Massa total /d 149,0 Massa total /d 347,7 

BP 30 teor% t/dia BP200 teor% t/dia 

Sn    2,0 % 2,9 Sn 2,0 %             6,8  

Nb2O5    2,3 % 3,5 Nb2O5  2,3 %             8,2  

Ta2O5    0,4 % 0,6 Ta2O5  0,4 %             1,4  

Fe2O3   11,7 % 17,4 Fe2O3   11,7 %           40,6  

SiO2   29,2 % 43,4 SiO2   29,2 %         101,4  

ThO2   0,0 ThO2     

U3O8   0,0 U3O8     

ZrO2   31,7 % 47,3 ZrO2 31,7%          110,3  

Pb     1,7 % 2,6 Pb 1,7 %             6,1  

Al2O3   0,0 Al2O3     

841,8

teor% t/dia

Sn 2,85 24,01

Nb2O5 2,01 16,91

Ta2O5 0,20 1,67

Fe2O3 6,30 53,03

SiO2 54,79 461,25

ThO2 1,152 9,70

U3O8 0,184 1,55

ZrO2 9,20 77,41

Rb2O 0,486 4,09

Pb 0,95 8,03

Al2O3 6,63 55,80

Hf 0,733 6,170295

TREO 0,32861 2,77

Alim. Planta Sn

Massa total /d

37,7

teor% t/dia

Sn 48,22872868 18,2

Nb2O5 4,19520945 1,6

Ta2O5 0,321484656 0,1

Fe2O3 4,483824632 1,7

SiO2 6,732914943 2,5

ThO2 1,020448292 0,4

U3O8 0,128060848 0,0

ZrO2 11,56980395 4,4

Rb2O 0,0

Pb 0,38552406 0,1

Al2O3 3,17 1,2

S 0,191224256 0,1

Hf 0,917 0,35

TREO 0,471 0,18

Massa total /d

Cassiteria

15485,7

toer% Qm/dia

Sn 0,053% 8,13          

Nb2O5 0,140% 21,63        

Ta2O5 0,018% 2,75          

Fe2O3 2,773% 429,47     

SiO2 70,185% 10.869     

ThO2 0,127% 19,68        

U3O8 0,030% 4,70          

ZrO2 0,302% 46,78        

Rb2O 0,836% 129,44     

Pb 0,065% 10,00        

Al2O3 13,506% 2.091        

Hf 0,011% 1,67          

TREO 0,120% 18,59

Rejeitos 1

Massa total /d

1775,2

teor% t/dia

Sn 0,45               7,9

Nb2O5 1,14               20,2

Ta2O5 0,18               3,3

Fe2O3 8,58               152,3

SiO2 54,33             964,4

ThO2 1,13               20,0

U3O8 0,19               3,4

ZrO2 16,46             292,3

Rb2O 0,403 7,2

Pb 0,49               8,6

Al2O3 12,08 214,4

Hf 1,143 20,3

TREO 0,647411286 11,49

Alimentação Planta de misto

Massa total /d

362,1

teor% t/dia

Sn 1,243 4,502

Nb2O5 4,638 16,795

Ta2O5 0,445 1,610

Fe2O3 7,678 27,801

SiO2 22,192 80,355

ThO2 3,131 11,337

U3O8 0,688 2,490

ZrO2 32,653 118,236

Rb2O 0,22 0,797

Pb 1,078 3,903

Al2O3 5,25 19,021

Hf 3,182 11,52179

TREO 1,835967 6,65

Alim. Planta Niobatos

Massa total /d

Massa total /d 334,7

teor% QM/dia

Sn 1,171 3,917

Nb2O5 1,819 6,088

Ta2O5 0,215 0,721

Fe2O3 7,677 25,692

SiO2 22,277 74,550

ThO2 2,321 7,768

U3O8 0,273 0,913

ZrO2 28,915 96,766

Rb2O 0,000

Pb 0,379 1,267

Al2O3 4,55 15,210

Hf 3,06 10,227

TREO 1,71% 5,72

Rejeito Niobatos

27,4

teor% t/dia

Sn 1,816 0,50

Nb2O5 32,203 8,84

Ta2O5 3,048 0,84

Fe2O3 9,347 2,56

SiO2 11,418 3,13

ThO2 5,331 1,46

U3O8 2,754 0,76

ZrO2 5,082 1,39

Rb2O 0,355 0,10

Pb 9,288 2,55

Al2O3 0,818 0,22

Hf 0,231 0,063

TREO 3,3711163 0,92

Columbita 

Massa total /d

16327,5

teor (%) t/dia

Sn 0,197 32,14

Nb2O5 0,236 38,54

Ta2O5 0,027 4,41

Fe2O3 2,955 482,51

SiO2 69,392 11329,93

ThO2 0,121 19,68

U3O8 0,029 4,70

ZrO2 0,761 124,19

Rb2O 0,793 129,44

Pb 0,110 18,03

Al2O3 13,151 2147,29

Hf 0,048 7,84

TREO 0,13079 21,35

Massa total /d

Alimentação 



48 

138 

255 

7 

70 

112 

216 

222 

140 

8 

113 

61 

255 

192 

0 

127 

127 

127 

246 

146 

0 

146 

154 

44 

166 

183 

39 

14 

118 

188 

21 

Phase 3 Project – Rare Earth elements via Columbite leach solution 

Rare earth oxalate(Calcined) – Produced in CDTN 

Concentrado Bulk - 50% 

TREO % Participação Acum Heavy 

  Participação % no Conc Bulk 

Y 31,25% 15,63% 15,63% 

La 3,55% 1,78% 

Ce  12,43% 6,22% 

Pr 1,59% 0,80% 

Nd 4,31% 2,16% 

Sm 2,37% 1,19% 

Eu 0,06% 0,03% 15,66% 

Gd 2,84% 1,42% 17,08% 

Tb 1,26% 0,63% 17,71% 

Dy 10,84% 5,42% 23,13% 

Ho 2,67% 1,34% 24,46% 

Er 10,05% 5,03% 29,49% 

Tm 1,88% 0,94% 30,43% 

Yb 13,18% 6,59% 37,02% 

Lu 1,73% 0,87% 37,88% 

    50,01% 75,75% 

Estimates for rare earth 

carboneta/oxalate production 

Potential volumes 

Tpy % TREO Recover % Carbonate / 

Oxalate tpy 

Columbite actual 10.000 3,37% 70% 471 

Tailings actual 122.166 1,71% 50% 2.089 

TOTAL 2.560 
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CARACTERIZAÇÃO DO TREO II 

22 

Elementos 

Dosados(%) 

RESIDUO 

PTR-11R 

Calçinado 

Y2O3 34,50 

 Dy2O3 12,60 

CeO2 9,62 

Er2O3 9,04 

Yb2O3 10,29 

Pr6O11 1,54 

La2O3 2,12 

ZrO2 0,42 

BaO 0,58 

Ho2O3 3,75 

Nd2O3 4,92 

Gd2O3 5,96 

Sm2O3 0,98 

SO3 0,68 

CaO 1,37 

K2O 0,58 

SrO 0,58 

MnO2 0,083 

Fe2O3 0,68 

Tb4O7 0,13 

ThO2 0,083 

U3O8 <0,01 

95,45 

0,68 1,37 0,58 0,58 0,083 0,68 0,42 0,083 0 
0

20

40

60

80

100

120

TREO SO3 CaO K2O SrO MnO2 Fe2O3 ZrO2 ThO2 U3O8

TE
O

R
 E

M
 %

 

ELEMENTOS EM ÓXIDOS 

CARACTERIZAÇÃO QUÍMICA DO TREO II  

*Teor de U < 0,01  

**Teor de Tório próximo ao limite de 

quantificação  

*** TREO de boa qualidade e elevada pureza 

Qualidade do concentrado de terras raras produzido 
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DISTRIBUIÇÃO DOS ELEMENTOS TERRAS RARAS NO TREO II 

23 

*Teor de U < 0,01  

**Teor de Tório próximo ao limite de 

quantificação  

*** TREO de boa qualidade e elevada 

pureza 

95,45 

34,5 

12,6 
9,62 9,04 10,29 

1,54 2,12 3,75 4,92 5,96 
0,98 0,13 

0

20

40

60

80

100

120

TREO Y2O3  Dy2O3 CeO2 Er2O3 Yb2O3 Pr6O11 La2O3 Ho2O3 Nd2O3 Gd2O3 Sm2O3 Tb4O7

T
E

O
R

 E
M

 %
 

ELEMENTOS EM ÓXIDOS 

DISTRIBUIÇÃO DOS ETR NO TREO II 

Qualidade do concentrado de terras raras produzido 

Participação

Y 31,25%

La 3,55%

Ce 12,43%

Pr 1,59%

Nd 4,31%

Sm 2,37%

Eu 0,06%

Gd 2,84%

Tb 1,26%

Dy 10,84%

Ho 2,67%

Er 10,05%

Tm 1,88%

Yb 13,18%

Lu 1,73%

Participação Projetada 
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Estudo do Potencial de Produção de Terras Raras – Projeto Fase 3 e Rejeito Flot NbTa 

Potencial Produção de Carbonato/Oxalato de Terras Raras com Projeto Fase 3 e 

com o Rejeito da Flotação de Niobatos 
Utilizando o Licor (solução Lixiviada, Projeto Fase 3) - Licor contendo elementos de Terras Raras 

   t/ano TREO 
Recuperação - 

% TREO - t/ano 
Carbonato/Oxalato - 

t/ano 50% 

Columbita atual 10.000 3,37% 70% 235,9 471,8 Concentrado Bulk 

Columbita com Fase 2 17.000 3,37% 70% 401,03 802,06 Concentrado Bulk 

Rejeito da Flotação de 

Niobatos     
Realista 

50%       

  t/ano TREO Recup. - % TREO - t/ano Carbonato/Oxalato - t/ano 50% 

Rejeito Atual   122.166  1,71% 50% 
                        

1.044,52  
                                       

2.089,03    

Produção Terras Raras 

t/ano TREO 
Recuperação - 

% TREO - t/ano Carbonato/Oxalato - t/ano 50% 

Columbita + Rejeito 

Flotação   224.681  1,938% 52,78% 
                        

2.176,71  
                                       

4.353,41  
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Pilot Plant – Taboca 
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Pilot Plant - Results 

Columbita 
“as is" 

Acid 
leaching 

Acid baking Calcination 

Hydrometallurgy 

Pyrometallurgy 

Element (%) 
Columbita 

As is 
Acid 

leaching 
Acid 

baking 
Calcination 

Nb2O5 32,29 35,55 40,48 49,89 

Ta2O5 3,36 3,48 3,87 4,76 

Iro- Alloys(%)  Nb Ta 

FeNb 67,09 2,83 

FeTa  35,93 15,98 
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