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ABSTRACT 

 
The Pulmuddai region in Sri Lanka is characterized by key constituents: 55-60% ilmenite, 6-

8% rutile, and 5-6% iron. Iron's presence emerges as a critical impurity necessitating pre-

extraction removal for titanium dioxide extraction from rutile. Attaining a TiO2 purity 

exceeding 99% within rutile is attainable through targeted iron elimination and meticulous 

optimization of the purification process. The methodological approach commences with the 

initial screening and separation of beach sand, utilizing the Humphrey spiral technique to 

selectively isolate high-density minerals enriched with rutile and ilmenite. Subsequent 

separation of rutile from ilmenite employs a magnetic separator. The conclusive step involves 

the strategic removal of iron from rutile via leaching with hydrochloric acid (HCl). 

Optimization of leaching parameters, including the solid-to-liquid ratio (S/L ratio), HCl 

concentration, and reaction time, maximizes iron removal from rutile. A comprehensive 

analysis of samples before and after leaching employs a UV-visible spectrophotometer and 

scanning electron microscopy utilizing Energy Dispersive X-Ray Spectroscopy on the 

samples. Results indicate 83.3% reduction in iron content within rutile from the initial raw 

mineral, achieved under optimized conditions of 1:3 S/L ratio, 80°C, 4-hour reaction time, and 

4M HCl concentration. 

Keywords: Titanium dioxide, Pulmuddai, Rutile, Purification.  

  



iv 
 

TABLE OF CONTENTS  

 

 
DECLARATION .......................................................................................................... i 

ACKNOWLEDGMENT .............................................................................................. ii 

ABSTRACT ................................................................................................................ iii 

TABLE OF CONTENTS ............................................................................................ iv 

LIST OF FIGURES ...................................................................................................... v 

LIST OF TABLES ...................................................................................................... vi 

ABBREVIATIONS .................................................................................................... vii 

1. INTRODUCTION ................................................................................................ 8 

1.1 Introduction to Titanium ................................................................................................ 8 

1.2 Introduction to Titanium Dioxide ................................................................................. 11 

1.3 Objectives ..................................................................................................................... 12 

2. LITERATURE REVIEW ................................................................................... 13 

2.1 Titanium: Applications, Production, and Economic Implications ................................ 13 

2.2 Processing Methods ..................................................................................................... 14 

2.3 Beach Sand Deposits .................................................................................................... 16 

3. METHODOLOGY ............................................................................................. 19 

3.1 Materials and Apparatus .............................................................................................. 19 

3.2 Separation Process ....................................................................................................... 19 

3.3 Purification Process ...................................................................................................... 21 

3.4 Method 01: Purification Process .................................................................................. 21 

3.5 Method 02: Purification Process .................................................................................. 23 

3.6 Characterization ........................................................................................................... 24 

4. RESULTS AND DISCUSSION ......................................................................... 25 

5. CONCLUSIONS................................................................................................. 44 

6. RECOMMENDATIONS .................................................................................... 45 

7. REFERENCES ................................................................................................... 46 

 



v 
 

LIST OF FIGURES  

 
Figure 1.1: Titanium metal existing minerals in beach sand .................................................... 8 
Figure 1.3: Producing percentage of titanium by different countries in 2021 ......................... 9 
Figure 1.2: Major countries which produce ilmenite and rutile (2021) ................................... 9 
Figure 1-4: Pumuddai Heavy Mineral Deposit ...................................................................... 10 
Figure 1-5: Products from Titanium Dioxide ......................................................................... 11 
Figure 3-1: Separation Procedure........................................................................................... 19 
Figure 3-2: Beach Sand Separation Process ........................................................................... 20 
Figure 3-3: Process of Sieve Analysis ................................................................................... 21 
Figure 3-4: Variation of the Testing Parameters in Method 01 ............................................. 22 
Figure 3-5: Variation of the Testing Parameters in Method 02 ............................................. 23 
Figure 4-1: Cumulative Graph for the Sieve Analysis ........................................................... 25 
Figure 4-2: EDX Results for Initial Mineral Sample ............................................................. 26 
Figure 4-3: Purification process for 2M concentration sample .............................................. 28 
Figure 4-4: Variation with Temperature & Time (Concentration 2M)(S/L ratio 1:3) ........... 31 
Figure 4-5: Variation with Temperature & Time (Concentration 3M)(S/L ratio 1:3) ........... 35 
Figure 4-6: Variation with Temperature & Time (Concentration 4M)(S/L ratio 1:2) ........... 39 
 

  



vi 
 

LIST OF TABLES 

 
Table 2-1: Properties of Minerals .......................................................................................... 13 

Table 4-1: Sieve Analysis Data (Cumulative Value) ............................................................. 25 

Table 4-2: EDX Results for Initial Sample ............................................................................ 26 

Table 4-3: Summarized EDX data for Different Ranges ....................................................... 27 

Table 4-4: Variation with Temperature & Time (Concentration 2M & 1:2 S/L Ratio) ......... 28 

Table 4-5: Variation with Temperature & Time (Concentration 2M & 1:3 S/L Ratio) ......... 29 

Table 4-6: Variation with Temperature & Time (Concentration 2M & 1:4 S/L Ratio) ......... 30 

Table 4-7: Variation with Temperature & Time (Concentration 3M & 1:2 S/L Ratio) ......... 32 

Table 4-8: Variation with Temperature & Time (Concentration 3M & 1:3 S/L Ratio) ......... 33 

Table 4-9: Variation with Temperature & Time (Concentration 3M & 1:4 S/L Ratio) ......... 34 

Table 4-10: Variation with Temperature & Time (Concentration 4M & 1:2 S/L Ratio) ....... 36 

Table 4-11: Variation with Temperature & Time (Concentration 4M & 1:3 S/L Ratio) ....... 37 

Table 4-12: Variation with Temperature & Time (Concentration 4M & 1:4 S/L Ratio) ....... 38 

Table 4-13: Summary: Results for Method 02 ....................................................................... 42 

  

 

 

 

 

 

 

  



vii 
 

LIST OF ABBREVIATIONS 

 

Abbreviation Description 

 
TiO2    Titanium Dioxide 

TEFS    Titanium-Bearing Electric Furnace Slag 

HCl        Hydrochloric acid 

EDX      Energy-dispersive X-ray spectroscopy  

S/L        Solid to Liquid  

w/w     Weight in Weight 

UV        Ultraviolet 

LMS   Low-intensity Magnetic Separation 

  


