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Abstract  

“Geuda” gemstones are less valuable corundum variety that has the potential to alter into blue 

sapphire. “Geuda” is found abundantly in Sri Lanka and it is translucent to opaque corundum 

with a milky or silky appearance in reflected light and brownish honey colour (or diesel colour) 

in transmitted light with a basic body colour of a bluish, yellowish or reddish colour. At 

present, Sri Lankan gem industry commonly adapts gas-fired furnaces for heat-treating 

“Geuda”, to obtain the desired blue colour, yet recently introduced electric furnaces have also 

shown potential. It is widely believed that electric furnaces are superior to gas furnaces in 

achieving the anticipated colour, yet no proper evaluation has been done in this regard. Thus, 

revealed the optimum conditions and the colouring mechanism for electric furnace heat 

treatment compare to gas furnace heat treatment, twenty (20) “Geuda” samples were selected 

and each stone is cut into three similar pieces to compare the colour changes more accurately. 

The “Lakmini” furnace was used as the gas furnace and the maximum chamber temperature 

used was 1750oC with a soaking time of 30 min under reducing environmental condition inside 

the gas furnace. Electric heat treatment carried out at three different temperatures (1300oC, 

1500oC,1700oC) and with different soaking times (three days, five days, ten days and one 

month). Colour enhancement after heat treatment was observed using the GIA colour grading 

system. Samples were subjected to XRD, FTIR and UV-visible spectrum analysis before and 

after the heat treatments and XRF for the identification of elements present in the gemstones.   

The optimum colour alteration occurred in combined heat treatment (1700oC in electrically 

operated furnace after gas furnace at 1750oC, 30 min). There was a significant peak height 

drop at 3309 cm-1 in FTIR spectroscopy after the thermal treatment in all samples tested. This 

peak height drop corresponded to O-H stretching mode water molecules inside “Geuda” stone 

and it was imperceptible with one month of soaking time. The UV-Visible analysis showed a 

peak development after heat treatments at 550 nm-650 nm. This is due to the development of 

blue colour inside the stone as a result of the formation of [FeTi]+6 complex and it was 

conspicuous in combined heat treatment. d-spaces of the lattice structure in the “Geuda” 

stones have changed in the stones when analyzed using XRD. XRF analysis emphasized that 

the Fe:Ti ratio is a critical determiner of blue colour development with combine heat treatment. 

Geuda stones with a Fe:Ti ratio of 1:7 to 1: 13 produced the desired blue colour. Presence of 

increased Ti in the stone produced a dark blue colour. The results reported in this study suggest 

the method of heat treatment, Fe:Ti ratio of the stones and reduced environment inside the 

furnace are the critical determiners of blue colour development in geuda gemstones.  



IV 

 

Key Words: “Geuda” Heat treatment, “Geuda”, Gemstone Enhancement, Gemstone 

Characterization 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



V 

 

Acknowledgements  

First, I would like to express my deepest gratitude to my supervisors, Prof. P.G.R 

Dharmaratne and Prof. K.B Wijesekara for their excellent support and guidance and 

also providing me with a conducive environment to complete my research 

successfully.   

Special thanks go to the Dr. G. V. I. Samaradivakara (Head, Department of Earth 

Resources Engineering, University of Moratuwa), Prof. H. M. R. Premasiri ( Former 

Head, Department of Earth Resources Engineering, University of Moratuwa), Prof. 

H.M.J.C. Pitawala (Former Head, Department of Science and Technology, Uva 

Wellassa University) and Dr. Preshan Francis (Former Director-General of the Gem 

and Jewelry Research and Training Institute) for providing me with the necessary 

analytical instruments to carry out my research work 

I convey a special thanks for all the respondents who support and especially Mr. 

Punsiri Tennakoon, Mr. Vihanga Wijerathna and Mr. Chamith Kumarasinghe who 

supported me to conduct heat treatments using electrically operated furnace and. Miss. 

Chulodha Wickramarathna for providing some photos.    

Finally, I would like to offer my heartiest gratitude to all the people whose names were 

not mentioned, yet were behind the success of this research. 

  



VI 

 

Table of contents 

1. INTRODUCTION ............................................................................................... 1 

1.1 Statement of the problem .................................................................................... 1 

1.2 Research objectives ............................................................................................ 2 

1.3 Significant of the study ....................................................................................... 2 

2. LITERATURE REVIEW..................................................................................... 4 

2.1 Gem minerals of Sri Lanka ................................................................................. 4 

2.2 Classification of “Geuda” gemstones ................................................................ 4 

2.3 Definition of the colour of a gemstone ............................................................... 2 

2.4 Cause of colour in Blue Sapphire ....................................................................... 3 

2.5 Different types of “Geuda” heat treatment methods ......................................... 4 

2.5 Sri Lankan traditional methods and instruments of “Geuda” heat treatment .... 5 

3. METHODOLOGY ............................................................................................. 17 

3.1 Conceptualization and conceptual framework of the study ............................. 17 

3.2 Analysis of the currently available methods of treatment of “Geuda” ........... 21 

3.3 Selection of the suitable type of “Geuda” for heat treatment. ......................... 21 

3.4 Collection of samples ....................................... Error! Bookmark not defined. 

3.5 Selection and preparation of samples for the researchError! Bookmark not 

defined. 

3.6 Measurement of the colour of the stones .......................................................... 21 

3.7 Analysis of unheated samples using XRD, XRF, UV-Vis spectrum and FTIR22 

3.8 Heat-treatment using a gas furnace .................................................................. 23 

3.9 Measurement of colour changes ....................................................................... 24 

3.10 Analysis of the gas heated sample using XRD, UV-Visible and FTIR ......... 24 

3.11 Heat-treatment using electric furnace (3 different maximum temperatures and 

soaking times) ......................................................................................................... 25 



VII 

 

3.12 Determination of colour after electrically operated furnace heat treatment ... 26 

3.13 Analysis of the electrically heated samples using XRD, XRF UV-Visible and 

FTIR ....................................................................................................................... 26 

3.14 Summary of the heat treatments ..................................................................... 26 

3 RESULTS AND DISCUSSION ........................................................................ 28 

3.1 Heat treatment and colour changes................................................................... 28 

3.1.1 Statistical analysis of colour change ......................................................... 36 

3.1.2 Discussion of the statistical analysis ......................................................... 45 

3.2 UV-Visible Analysis ................................................................................... 46 

3.2.1 UV-Visible Spectroscopy changes with temperature ................................ 48 

3.2.2 UV-Visible Spectroscopy changes with soaking time .............................. 51 

3.2.3 Discussion of UV-Visible analysis ........................................................... 55 

3.3 FTIR Analysis ............................................................................................. 56 

3.3.1 FTIR variation with soaking time ............................................................. 58 

3.3.2 FTIR variation with temperature ............................................................... 62 

3.3.3 Discussion of FTIR analysis ..................................................................... 65 

3.4. XRD Analysis .................................................................................................. 67 

3.4.1 d-spaces calculation base on XRD data .................................................... 70 

3.4.2 Discussion of XRD analysis...................................................................... 72 

3.4 XRF Analysis .............................................................................................. 72 

3.4.1 Discussion of the XRF analysis ................................................................ 77 

4 CONCLUSION .................................................................................................. 78 

REFERENCES ........................................................................................................... 79 

ANNEXURE 01 (UV-Visible Spectrums of “Geuda”) ............................................... I 

ANNEXURE 02 (FTIR Spectrums of “Geuda”) ......................................................... I 

ANNEXURE 03 (XRD Graphs of “Geuda”) ............................................................... I 



VIII 

 

ANNEXURE 04 (d-space clculation from XRD data) ................................................. I 

 

List of Figures 

Figure 1:operation of Blow Pipe with one person ....................................................... 8 

Figure 2: Operation of Blow Pipe with two persons .................................................... 9 

Figure 3: Mechanical Blowpipe ................................................................................... 9 

Figure 4: Structure of the Condor furnace ................................................................. 11 

Figure 5: Cross section of the Condor furnace........................................................... 11 

Figure 6: Front view (Left) and Back view (Right) of the Condor Burner ................ 12 

Figure 7: Top view of two concrete blocks (Condor Furnace) .................................. 12 

Figure 8: “Lakmini” furnace ...................................................................................... 14 

Figure 9: Illustration of temperature distribution in “Lakmini” Furnace .................. 15 

Figure 10: Conceptual Framework of the study ......................................................... 18 

Figure 11: The research methodology process........................................................... 20 

Figure 12: XRD analysis of “Geuda” gemstones: .................................................... 23 

Figure 13: Oxygen variation with time ...................................................................... 24 

Figure 14: LPG variation with time ........................................................................... 24 

Figure 15: UV Visible spectrophotometer ................................................................. 25 

Figure 16: GIA colour grading system....................................................................... 26 

Figure 17: Heat treatment process ............................................................................. 27 

Figure 18: Average weighted colour changes of electrically heated “Geuda” 

gemstones ................................................................................................................... 37 

Figure 19: Average weighted colour combined heated “Geuda” gemstones............ 38 

Figure 20: Average weighted colour distribution of combined heated stones for 

different soaking times and temperatures .................................................................. 39 

Figure 21: Average weighted colour distribution of electric heated stones for different 

soaking times and temperatures ................................................................................. 40 

Figure 22: Residual plots for weighted Colour .......................................................... 42 

Figure 23: UV-Visible Spectrum G-16 1700oC – 1 Month of soaking time ............. 46 



IX 

 

Figure 43:UV-Visible spectrum changes for 1 month of soaking of electric heat 

treatment ..................................................................................................................... 48 

Figure 44: UV-Visible spectrum changes for 5 days of soaking of electric heat 

treatment ..................................................................................................................... 49 

Figure 45: UV-Visible spectrum changes for 3 days of soaking of electric heat 

treatment ..................................................................................................................... 48 

Figure 46: UV-Visible spectrum changes for 3 days of soaking of combined heat 

treatment ................................................................................................................... 500 

Figure 47: UV-Visible spectrum changes for 5 days of soaking of combined heat 

treatment ................................................................................................................... 500 

Figure 48: UV-Visible spectrum changes for 1 month of soaking of combined heat 

reatment ...................................................................................................................... 51 

Figure 49: UV-Visible spectrum changes of electric heat treatment under 1300oC 

temperature ................................................................................................................. 51 

Figure 50: UV-Visible spectrum changes of electric heat treatment under 1500oC 

temperature ................................................................................................................. 52 

Figure 51: UV-Visible spectrum changes of electric heat treatment under 1700oC 

temperature ................................................................................................................. 53 

Figure 52: UV-Visible spectrum changes of combined heat treatment under 1300oC 

temperature ................................................................................................................. 53 

Figure 53: UV-Visible spectrum changes of combined heat treatment under 1500oC 

temperature ................................................................................................................. 54 

Figure 54: UV-Visible spectrum changes of combined heat treatment under 1700oC 

temperature ................................................................................................................. 54 

Figure 55: FTIR Spectrum – G-01_1700oC – 3 Days of Soaking time ..................... 58 

Figure 75: FTIR Spectroscopy_ 1300oC_Electric heat treatmnet under different 

soaking times .............................................................................................................. 59 

Figure 76: FTIR Spectroscopy_ 1500oC_Electric heat treatmnet under different 

soaking times .............................................................................................................. 59 

Figure 77: FTIR Spectroscopy_ 1700oC_Electric heat treatmnet under different 

soaking times .............................................................................................................. 60 



X 

 

Figure 78: FTIR Spectroscopy_ 1300oC_Combined heat treatmnet under different 

soaking times .............................................................................................................. 60 

Figure 79: FTIR Spectroscopy_ 1500oC_Combined heat treatmnet under different 

soaking times .............................................................................................................. 61 

Figure 80: FTIR Spectroscopy_ 1700oC_Combined heat treatmnet under different 

soaking times .............................................................................................................. 61 

Figure 81: FTIR Spectroscopy_ 3 Days of soaking time_Electric heat treatmnet under 

different Temperatures ............................................................................................... 62 

Figure 82: FTIR Spectroscopy_ 5 Days of soaking time_Electric heat treatmnet under 

different Temperatures ............................................................................................... 63 

Figure 83: FTIR Spectroscopy_1 month of soaking time_Electric heat treatmnet under 

different Temperatures ............................................................................................... 63 

Figure 84: FTIR Spectroscopy_ 3 Days of soaking time_Combined heat treatmnet 

under different Temperatures ..................................................................................... 64 

Figure 85: FTIR Spectroscopy_ 5 Days of soaking time_Combined heat treatmnet 

under different Temperatures ..................................................................................... 64 

Figure 86: FTIR Spectroscopy_ 1 Month of soaking time_Combined heat treatmnet 

under different Temperatures ..................................................................................... 65 

Figure 87: XRD Spectruscopy_G-01_1700oC 3 Days of soaking time ..................... 68 

Figure 107: NaCl Structure (a) The (200) planes of atoms in NaCl (b) The (220) planes 

of atoms in NaCl (Source: https://www.slideshare.net/msakhan61/xray-diffraction-

analysis-for-material-characterization) ...................................................................... 69 

Figure 108: Brags Law Illustration ............................................................................ 70 

Figure 109: Presence of Fe, Ti and Al in Light Blue colour produced “Geuda” ...... 75 

Figure 110: Presence of Fe, Ti and Al in Medium Blue colour produced “Geuda” . 76 

Figure 111: Presence of Fe, Ti and Al in Dark Blue colour produced “Geuda”……75 

Figure 112: Fe, Ti and Al variation inside the “Geuda” stones ................................ 75 

Figure 113: Final conclusion of the research work …………………………………77 

 

 



XI 

 

 

List of tables 

Table 1: Optimum temperatures and soaking times for different kinds of “Geuda” .. 6 

Table 2: Various types of furnaces............................................................................... 6 

Table 3: Soaking time for different types of “Geuda” under Blowpipe ..................... 8 

Table 4: Different types of Electric Heating Elements .............................................. 16 

Table 5: Colour alteration of “Geuda” samples with different temperature and soaking 

times ........................................................................................................................... 28 

Table 6: Assigned a weighted average heading value for “Geuda” samples ............ 33 

Table 7: Colour and clarity measurements of “Geuda” samples using GIA colour 

grading system ........................................................................................................... 33 

Table 8: Average weighted colour variation with temperature for electric heat 

treatment for three soaking times ............................................................................... 37 

Table 9: Average weighted colour variation with temperature for combined heat 

treatment for three soaking times ............................................................................... 37 

Table 10: Average weighted colour variation with soaking time for electric heat 

treatment for three temperatures ................................................................................ 38 

Table 11: Average weighted colour variation with soaking time for combined heat 

treatment for three temperatures ................................................................................ 39 

Table 12: Analysis of Variance .................................................................................. 40 

Table 13: Model Summary of Analysis of Variance ................................................. 41 

Table 14: Tukey Pairwise Comparison ...................................................................... 42 

Table 15: Kruskal-Wallis Test on Weighted Colour .................................................. 43 

Table 16: Analysis of Variance of ………………….. .............................................. 44 

Table 17: Results of the Kruskal-Wallis Test ............................................................ 45 

Table 18: UV-Vis analysis: Peak Position and their Responsible chemical group.... 47 

Table 19: The peak positions of the absorption bands of FTIR ............................... 566 

Table 20: XRD Peak positions of “Geuda” gemstones............................................. 55 

Table 21: XRD d space vales G_01 ........................................................................... 71 

Table 41: XRF analysis of Light Blue Sapphire ........................................................ 73 



XII 

 

Table 42: XRF analysis of Medium Blue Sapphire ................................................... 74 

Table 43: XRF analysis of Dark Blue Sapphire ......................................................... 74 

List of abbreviations 

UN - Unheated 

GH - Gas Heated 

EH - Electrically operated furnace heated 

CH - Combined Heated (Electrically operated furnace heated after gas heated) 

XRF - X-ray Fluorescence   

XRD - X-ray Diffraction  

FTIR - Fourier-Transform Infrared Spectroscopy 

UV-Visible Spectroscopy - Ultraviolet-Visible Spectroscopy 

LPG - Liquid Petroleum Gas 

GIA - Gemmological Institute of America  

oC - Celsius 

nm - nanometre 

Å - Angstrom 

cm-1 - Per centimetre  

B.C – before Christ 

 


