
 

i 
 

CONTENTS 

Page 

Acknowledgement   

Abstract in Thai                                                                                                         

Abstract in English            

List of Tables           

List of Figure   

List of Abbreviations   

List of Symbols    

Statement of Originality in English 

Statement of Originality in Thai 

Chapter 1 Introduction and Background Theory 

1.1 Primary Energy Consumption 

1.2 Origin of Coal 

1.2.1 Coal as Fuel 

1.2.2 Thai Coal 

1.3 Mae Moh Coal Fired Power Plant 

1.4 Slagging Challenge in Future Operation  

1.5 Research Objectives 

1.6 Scope of the Thesis 

1.7 Outline of the Thesis 

Chapter 2 Literature Reviews 

2.1 Coal Combustion Characteristic 

2.1.1 Heating and Drying 

d 

 e 

g 

l 

n 

s 

z 

aa 

bb 

1 

1 

2 

5 

7 

12 

15 

18 

18 

19 

20 

20 

21 



 

j 
 

2.1.2 Pyrolysis or Devolatilisation 

2.1.3 Char Oxidation 

2.2 Pulverized Coal Combustion in Boilers 

2.3 Slag Problem in Boilers 

2.3.1 Characterisation of Slag  

2.3.2 Factors Influencing the Slag Potential 

2.3.3 Prediction of Slag Occurrence 

Chapter 3 Experimentation 

3.1 Methodology for Coal, Ash, and Slag Sampling 

3.2 Slag Characterization Techniques  

3.2.1 Microstructural Feature and Chemical Composition Analysis 

3.2.2 Mineral Composition Analysis 

3.3 Coal and Ash Analyses 

3.3.1 Proximate Composition 

3.3.2 Ultimate Composition 

3.3.3 Heating Value 

3.3.4 Nonisothermal Themal Degradation 

3.3.5 Ash Composition 

3.3.6 Ash Fusibility Temperature 

3.4 Data Processing and Analysis 

Chapter 4 Numerical Simulation 

4.1 FactSage Modelling 

4.1.1 Equilib Module 

4.1.2 Phase Diagram Module 

4.2 Computational Fluid Dynamic Modelling 

4.2.1 Geometry and Grid Generation 

4.2.2 Operating, Boundary Conditions, and Sub-Models 

Chapter 5 Results and Discussions  

5.1 Characterisation of Real Slag 

22 

23 

23 

30 

31 

36 

46 

     54 

54 

59 

59 

60 

61 

61 

62 

64 

65 

68 

69 

71 

73 

73 

74 

75 

77 

78 

81 

89 

89 



 

k 
 

5.1.1 Microstructural Feature and Chemical Composition 

5.1.2 Mineral Composition 

5.2 Characterisation of Coal and Ash 

5.2.1 Raw Coal Properties 

5.2.2 Chemical Properties of Blended Lignite 

5.2.3 Thermal Properties of Blended Lignite 

5.3 Effect of Ca in Ash from Slag Formation and Deposition 

5.4 Slag Formation Prediction 

5.4.1 Equilib Model 

5.4.2 Phase Diagram Model 

5.5 Slag Deposition Prediction 

Chapter 6 Conclusions and Recommendation for Future Works 

6.1 General Conclusions 

6.2 Recommendation for Future Works 

References 

List of Publications 

Appendices 

Appendix A Conversion 

Appendix B SEM, EDS, XRD results 

Appendix C FACTSAGE program and results 

Appendix D Case study in CFD simulation 

Curriculum Vitae 

89 

93 

93 

93 

97 

101 

102 

105 

105 

110 

113 

124 

124 

125 

127 

143 

199 

199 

200 

219 

241 

251 

 

 



 

l 
 

LIST OF TABLES 

Page 

Table 1.1  The properties of coals by coalification 

Table 1.2  Thailand coal reserves 

Table 1.3  The properties of Mae Moh lignite 

Table 1.4  Mae Moh lignite quality data for supplied to Mae Moh power plant 

Table 1.5  Unit 8-13 boiler technical data and operating parameters 

Table 2.1  Summarized of the model in combustion simulation 

Table 2.2  Overview characteristic description and specific location of slag in 

pulverized 

Table 2.3  Summary of slagging indices 

Table 4.1  Boundary conditions for the secondary air inlet 

Table 4.2  Boundary conditions for the coal + primary air inlet 

Table 4.3  Boundary conditions for the OFA 

Table 4.4  Particle injection properties 

Table 5.1  Microstuctural Feature of real slag samples 

Table 5.2  Element compositions of slag by EDS 

Table 5.3  Chemical compositions (%w/w) of slag by XRF 

Table 5.4  Kinetic parameters of raw Mae Moh lignites 

Table 5.5  Proximate analysis (%w/w as-received basis) of blended lignite 

Table 5.6  Ultimate analysis (%w/w dry basis) of blended lignite 

Table 5.7  Heating value (MJ/kg dry basis) of blended lignite 

Table 5.8  Ash composition (% mass) of blended lignite 

Table 5.9  Ash fusibility temperatures (°C) results of blended lignite 

Table 5.10  Results of blended lignite to slag formation and deposition 

parameters 

4 

9 

11 

13 

15 

27 

30 

 

40 

82 

83 

84 

85 

91 

92 

92 

97 

98 

99 

99 

100 

101 

103 

 



 

m 
 

Table 5.11  Characterization and surface morphology feature of the fused ash 

Table 5.12  Element compositions of the fused ash by EDS 

Table 5.13  Oxide compositions in predicted slag-liquid 

Table B.1  Element compositions of the C1 lignite  

Table B.2  Element compositions of the SE lignite 

Table C.1 Mineral of solid from lignite sample A 

Table C.2 Mineral of solid from lignite sample B 

Table C.3 Mineral of solid from lignite sample C 

Table C.4 Mineral of solid from lignite sample D 

Table C.5 Mineral of solid from lignite sample E 

Table C.6 Mineral of solid from lignite sample F 

Table C.7 Mineral of solid from lignite sample G 

Table D.1 The data of Mae Moh operation case study 

104 

105 

108 

201 

201 

223 

224 

225 

226 

227 

228 

229 

241 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

n 
 

LIST OF FIGURES 

Page 

Figure 1.1  World Primary energy consumption 

Figure 1.2  Coal components in the different bases 

Figure 1.3  The stratigraphy of Mae Moh mine 

Figure 1.4  Mae Moh power plant system 

Figure 1.5  Mechanisms of slag deposit formation 

Figure 1.6  Mae Moh boiler condition with slag problem 

Figure 2.1  The process of coal combustion 

Figure 2.2  Segregation of mineral matter during pulverization 

Figure 2.3  The coal-air mixture burning in pulverized coal boiler 

Figure 2.4  The fire ball in tangential fired boiler 

Figure 2.5  Morphological and composition of the ash obtained from SEM 

Figure 2.6  SEM micrograph of slag 

Figure 2.7  Effect of composition of ash (SiO2, Al2O3, and TiO2) to the AFT 

Figure 2.8  Oxide (wt%) in ash prepared from lignite samples collected during the 

7-day sampling 

Figure 2.9  Ash fusion temperature as a function of major oxide concentration in 

laboratory-prepared ashes from lignite during 7-day sampling 

Figure 2.10  Correlation between major base oxides and acid oxides of lignite 

samples 

Figure 2.11  Ternary phase diagram of CaO-SiO2-Al2O3 and Fe2O3 with the IT 

Figure 2.12  Ash fusion temperatures with different CaO content 

Figure 2.13  Ash fusion temperatures with different the percentage of oxides: (a) 

CaO content and (b) Fe2O3 content 

Figure 2.14  The equilibrium phase diagrams for the Si-Al-Ca-Fe-Mg-O system: 

(a) Ar atmosphere and (b) H2 atmosphere 

Figure 2.15  Mineral output from calculated the South African coal combustion 

1 

5 

10 

14 

17 

18 

20 

25 

25 

26 

33 

34 

39 

41 

 

42 

 

43 

 

44 

45 

46 

 

48 

 

49 



 

o 
 

Figure 2.16  The percentage of oxide in slag from calculated the South African 

coal combustion 

Figure 2.17  Deposit thickness (mm) on furnace wall and furnace wall picture at a 

similar location 

Figure 2.18  Ash impaction (kg/m2s), deposition thickness (mm), temperature (K), 

and deposition strength (Pa) on the furnace walls 

Figure 3.1  The map of Mae Moh mine with zone of collected samples 

Figure 3.2  The lignites collected from Mae Moh mine 

Figure 3.3  Flow chart of sample preparation 

Figure 3.4  Carbolite furnace for prepare the ash samples 

Figure 3.5  The ash samples for AFT test 

Figure 3.6  Boiler slag sample from the Mae Moh power plant 

Figure 3.7  Gold sputter coater for SEM sample 

Figure 3.8  The scanning electron microscopy with dispersive x-ray spectroscopy 

Figure 3.9   The X-ray diffraction analyzer 

Figure 3.10  Thermogravimetric analyzer in Mae Moh power plant laboratory 

Figure 3.11  Elemetal analyzer for carbon, hydrogen, and nitrogen in coal samples 

Figure 3.12  Sulfer analyzer for sulfur in coal samples 

Figure 3.13  Bomb calorimeter for use to determine heating value of coal samples 

Figure 3.14  Thermogravimetric analyzer for nonisothermal isoconversional 

approach 

Figure 3.15  The furnace is used for XRF sample preparing 

Figure 3.16  The XRF spectrometer for ash composition analysis 

Figure 3.17  Brass cone mold for use in AFT test 

Figure 3.18  The ash fusibility determinator for measure the AFT 

Figure 3.19  Ash fusion temperatures as defined in ASTM Standard D 1857 

Figure 4.1  The FactSage program version 6.4 

Figure 4.2  Flow chart of Equilib module simulation 

Figure 4.3  Flow chart of Phase Diagram module simulation 

Figure 4.4  The measured of wall heat flux from FACOS system in Mae Moh 

power plant 

Figure 4.5  Flow chart of the CFD simulation 

50 

 

52 

 

52 

 

54 

55 

56 

57 

57 

58 

59 

59 

60 

62 

63 

63 

64 

65 

 

68 

69 

70 

70 

71 

74 

76 

76 

77 

 

79 



 

p 
 

Figure 4.6  The Mae Moh boiler furnace was generated in ANSYS ICEM CFD 

program 

Figure 4.7  The grid cells were created in ANSYS ICEM CFD program 

Figure 4.8  Defining inlet and outlet boundaries of boiler grid in FLUENT 

Figure 5.1  TG of sample A 

Figure 5.2  DTG of sample A 

Figure 5.3  TG of sample G 

Figure 5.4  DTG of sample G 

Figure 5.5  Relationship between the ash fusion temperatures with % of CaO (free 

SO3) in the ash of all the samples 

Figure 5.6  Percent of slag types 1 and 2 from prediction at different temperature 

Figure 5.7  Percent of total slag from prediction at different temperature 

Figure 5.8  Mineral phase diagram and liquidus surface of SiO2-Al2O3-CaO system 

Figure 5.9  Measured (dotted lines) and predicted (solid lines) ash fusion 

temperatures with different CaO(free SO3) content in the ash 

Figure 5.10  The convergence results of velocity at the panels 

Figure 5.11  The convergence results of temperature at panels 

Figure 5.12  Temperature distribution isosurface of coal combustion in boiler 

Figure 5.13  Temperature at the boiler wall 

Figure 5.14  Temperature contours of coal combustion in boiler at the inlet panel 

Figure 5.15  Temperature of the boiler wall 

Figure 5.16  Velocity distribution isosurface of coal combustion in boiler 

Figure 5.17  Velocity contours of coal combustion in boiler at the inlet panel 

Figure 5.18  Velocity vector in a cross section 

Figure 5.19  Particle trajectory and temperature inside the boiler 

Figure 5.20  The location of the measured heat flux by FACOS system                                

in the Mae Moh boiler 

Figure 5.21 Predicted surface heat flux of case study 

Figure 5.22 Measured and predicted surface heat fluxes of the boiler wall 

Figure 5.23 Real slag deposition in Mae Moh power plant 

Figure A.1  Conversion formula for calculation of different bases results 

Figure B.1  Surface morphology of C1 lignite 

80 

 

80 

81 

95 

95 

96 

96 

102 

 

106 

107 

111 

 

112 

 

114 

114 

115 

116 

117 

118 

118 

119 

121 

121 

122 

 

122 

123 

123 

199 



 

q 
 

Figure B.2  Surface morphology of SE lignite 

Figure B.3  Graph pattern of C1 lignite 

Figure B.4  Graph pattern of SE lignite 

Figure B.5  Graph pattern of slag a. 

Figure B.6  Graph pattern of slag b. 

Figure B.7  Graph pattern of slag c. 

Figure B.8  Graph pattern of slag d. 

Figure B.9  Graph pattern of fused ash from lignite A from EDS 

Figure B.10 Graph pattern of fused ash from lignite B from EDS 

Figure B.11 Graph pattern of fused ash from lignite C from EDS 

Figure B.12 Graph pattern of fused ash from lignite D from EDS 

Figure B.13 Graph pattern of fused ash from lignite E from EDS 

Figure B.14 Graph pattern of fused ash from lignite F from EDS 

Figure B.15 Graph pattern of fused ash from lignite G from EDS 

Figure C.1  Trend of mass loss and slag formation from lignite A 

Figure C.2  Trend of mass loss and slag formation from lignite B 

Figure C.3  Trend of mass loss and slag formation from lignite C 

Figure C.4  Trend of mass loss and slag formation from lignite D 

Figure C.5  Trend of mass loss and slag formation from lignite E 

Figure C.6  Trend of mass loss and slag formation from lignite F 

Figure C.7  Trend of mass loss and slag formation from lignite G 

Figure C.8  Quaternary diagram of SiO2-Al2O3-CaO-Fe2O3 system of Lignite A 

Figure C.9  Quaternary diagram of SiO2-Al2O3-CaO-Fe2O3 system of Lignite B 

Figure C.10  Quaternary diagram of SiO2-Al2O3-CaO-Fe2O3 system of Lignite C 

Figure C.11  Quaternary diagram of SiO2-Al2O3-CaO-Fe2O3 system of Lignite D 

Figure C.12  Quaternary diagram of SiO2-Al2O3-CaO-Fe2O3 system of Lignite E 

Figure C.13  Quaternary diagram of SiO2-Al2O3-CaO-Fe2O3 system of Lignite F 

Figure C.14  Quaternary diagram of SiO2-Al2O3-CaO-Fe2O3 system of Lignite G 

Figure C.15  Quaternary diagram of SiO2-Al2O3-CaO-Na2O system of Lignite A 

Figure C.16  Quaternary diagram of SiO2-Al2O3-CaO-Na2O system of Lignite B 

Figure C.17  Quaternary diagram of SiO2-Al2O3-CaO-Na2O system of Lignite C 

Figure C.18  Quaternary diagram of SiO2-Al2O3-CaO-Na2O system of Lignite D 

200 

200 

201 

201 

206 

206 

207 

207 

216 

216 

217 

217 

217 

218 

218 

219 

220 

220 

221 

221 

222 

222 

230 

230 

231 

231 

232 

232 

233 

233 

234 

234 



 

r 
 

Figure C.19  Quaternary diagram of SiO2-Al2O3-CaO-Na2O system of Lignite E 

Figure C.20  Quaternary diagram of SiO2-Al2O3-CaO-Na2O system of Lignite F 

Figure C.21  Quaternary diagram of SiO2-Al2O3-CaO-Na2O system of Lignite G 

Figure C.22  Quaternary diagram of SiO2-Al2O3-CaO-MgO system of Lignite A 

Figure C.23  Quaternary diagram of SiO2-Al2O3-CaO-MgO system of Lignite B 

Figure C.24  Quaternary diagram of SiO2-Al2O3-CaO-MgO system of Lignite C 

Figure C.25  Quaternary diagram of SiO2-Al2O3-CaO-MgO system of Lignite D 

Figure C.26  Quaternary diagram of SiO2-Al2O3-CaO-MgO system of Lignite E 

Figure C.27  Quaternary diagram of SiO2-Al2O3-CaO-MgO system of Lignite F 

Figure C.28  Quaternary diagram of SiO2-Al2O3-CaO-MgO system of Lignite G 

Figure D.1 Predicted surface heat flux of lignite C1 

Figure D.2 Predicted surface heat flux of lignite SE 

235 

235 

236 

236 

237 

237 

238 

238 

239 

239 

240 

249 

250 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

s 
 

LIST OF ABBREVIATIONS 

AAS Atomic absorption spectroscopy 

AFT Ash fuse temperature 

Al Alumina 

Al2O3 Alumina oxide 

Al2Si2O7 Kaolinite 

Al6Si2O13 Mullite 

Ar Argon 

ASCII American Standard Code for Information Interchange 

ASTM American Society for Testing and Materials 

𝐴 Preexponential factor 

𝐴𝑝 Surface area of the coal particle (m2) 

𝑎𝑐𝑡 Actual 

B/A Base to acid ratio 

Ba Barium 

BFP Boiler feed pump 

BWCP  Boiler water circulating pump 

BUF  Booster fan 

C Carbon  

Ca Calcium 

CaAl2O4 Calcium aluminate 

CaAl2Si2O8 Anorthite 

CaFeAlSiO6 Esseneite 

CaMgSi2O6 Diopside 

CaO Calcium oxide, Lime 

Ca(OH)2 Portlandite 

CaCO3 Calcite



 

t 
 

CaSiO3 Wollastonite 

CaSO4 Anhydrite 

Ca2Al2SiO7 Gehlenite 

Ca2SiO4 Calcium silicate 

Ca3Si2O7 Rankinite 

CCRR Control Circulation Radiant Reheater 

CCSEM-EDX Electron Microscopy with Energy-Dispersed analysis of. X-rays 

CEP  Condensate extraction pump 

CFD Computational fluid dynamic 

CH4 Methane 

cm Centimeter 

CO Carbon monoxide 

CO2 Carbon dioxide 

CU Copper 

𝐶𝑝.𝑝 Specific heat of the coal particle (J/kg.K) 

𝐶(𝑇) Heat capacity of the coal particle (J/K) 

°C Degree of Celsius 

DO Discrete ordinates 

DPM Discrete Phase Model 

DRW Discrete random walk 

DTG Derivative Thermogravimetric Analysis 

𝐸 Activation energy (kJ/mol) 

ECO  Economizer 

EDS Energy dispersive spectra analyzer 

EGAT Electricity Generating Authority of Thailand 

EPMA Electron probe x-ray microanalyzer 

EPPO Energy Policy and Planning Office 

ESP  Electrostatic precipitator 

Fe Iron 

FeCO3 Siderite 

FeO Iron oxide, Wustite 

Fe2O3 Ferric oxide 



 

u 
 

FeS Iron sulfide, Pyrrhotite 

FeS2 Pyrite 

FDF  Forced draft fan 

FGD Flue gas desulfurization 

FT Fluid temperature (°C) 

FW  Feed water 

FWO Flynn-Wall-Ozawa 

𝐹𝐷 Drag force (N) 

𝐹𝑥 Additional acceleration term 

g Gram 

𝑔𝑥 Gravitational force (N) 

𝑔°
𝑖
 Standard molar Gibbs energy (J/mol) 

H Hydrogen 

𝐻   Total enthalpy (J/kg) 

ℎ𝑓𝑔   Latent heat of vaporization of water (J/kg) 

HHV Higher heating value (MJ/g) 

HP  High pressure turbine 

HPH  High pressure heater 

HT Hemispherical temperature (°C) 

H2O Water 

IC Ion chromatography 

ICP Inductively coupled plasma 

ICP-MS Inductively Coupled Plasma - Mass Spectrometry 

ICP-OES Inductively Coupled Plasma Optical Emission Spectrometry 

IDF  Induced draft fan 

IDT Initial deformation temperature (°C) 

IP  Intermediate pressure turbine 

ISO International Organization for Standardization 

𝐼𝑏 Black body coefficient 

𝐼 ̅ Black body in scattering coefficient 

𝑗 Product 

K Potassium, Kelvin 



 

v 
 

KAS  Kissinger-Akahira-Sunose 

K2O Potassium oxide 

k Kinetic 

kV Kilovolt 

𝐾𝑎 Absorption coefficient (cm-1) 

𝐾𝑜 Pre-exponential factor 

𝑘 Rate coefficient, Rate constant 

𝑘𝑐 Thermal conductivity of the coal (W/m.K) 

𝑘𝑡 Rate constant 

kg Kilogram 

𝐿 Length scales 

LHV Lower heating value (MJ/g) 

LP  Low pressure turbine 

LPH  Low pressure heater 

LV Low vacuum 

MCWP  Main cooling water pump 

Mg Magnesium 

MgO Magnesium oxide 

MJ Megajoule 

Mn Manganese 

Mn3O4 Manganese oxide 

MS Mass spectroscopy 

MT Megaton 

MW Megawatt 

Mtoe Megaton of oil equivalent 

m Meter 

mA Milliampere 

min Minute 

𝑀𝑤 Molecular weight 

𝑚𝐻2
 Mass of H2 (g) 

𝑚𝑊 Mass of water vapor (g) 

N Nitrogen, Newton (kg.m/s2) 



 

w 
 

Na Sodium 

NaAlSi3O8 High-albite 

Na2O Sodium oxide 

NOx Nitrogen oxide 

N/A Not available 

𝑛 Number of data 

𝑛𝑖 Specie molar amount 

O Oxygen 

OES Optical emission spectroscopy 

OFA Over fire air 

ox Oxidation 

P Phosphorus 

P2O5 Phosphorus pentoxide 

𝑝  Static pressure 

𝑞 Flow of heat (J/s) 

𝑞̇ Heat flux (W/m2) 

𝑄𝑐 Coal particle convection of heat transfer (W/m2K) 

𝑄𝑟 Coal particle radiation of heat transfer (W/m2K) 

𝑄𝑣 Coal particle vaporization of heat transfer (W/m2K) 

𝑅 Universal gas constant 

RNG Renormalization group 

RH  Reheater  

𝑅𝑒 Reynolds number 

𝑅𝑓   Net rate of production of species  

𝑅𝑖,𝑟   Net rate of species production 

red Reduction 

𝑟 Position function, Reaction 

𝑟𝑝 Radius of the coal particle (m) 

S Sulfur 

SABS  South African Bureau of Standards 

Si Silica 

SiO2 Quartz 



 

x 
 

SEM    Scanning electron microscopy 

SEMPC Scanning electron microscopy point count  

SH  Ruperheater 

SiO2 Silica oxide 

SO2 Sulfur dioxide 

SO3 Sulfur trioxide 

SO4 Sulfate Sulfur 

Sr Strontium 

SSC   Submerged scraper conveyor 

ST  Softening temperature (°C) 

s  Second, Direction function 

𝑆. 𝐷.  Standard deviation 

𝑆𝑝  Mass added to the continuous phase from the dispersed second phase 

𝑆𝑢  Any other force 

𝑆𝐻   Heat of chemical reaction and any other volumetric heat sources 

𝑆𝑌   Rate of creation by addition from the dispersed phase plus any sources 

TDR   Total deposition rate 

TGA  Thermogravimetric analysis 

TiO2 Titanium dioxide 

TMA  Thermo-mechanical analyser 

𝑇  Absolute temperature (K) 

𝑇𝐹𝑇  Fluid temperature (°C) 

𝑇𝑙𝑖𝑞  Liquidus temperature (°C) 

𝑇𝑝  Temperature of the coal particle (K) 

𝑇𝑠  Steam phase wall temperature (K) 

𝑇𝑤,𝑜  Outer wall temperature (K) 

𝑇1  Temperature at the surface of the coal particle (K) 

𝑇2  Temperature at the center of the coal particle (K) 

𝑡  Time (s) 

𝑡ℎ𝑒𝑜  Theoretical 

USA  United Stage of America 

𝑢  Fluid phase velocity (m/s) 



 

y 
 

𝑢𝑜  Partial overall admittance factor (W/m2K) 

𝑢𝑝  Particle velocity (m/s) 

𝑢⃗  Velocity vector (m/s) 

WDD wavelength dispersive detectors 

WSGGM Weighted sum of gray gases model 

𝑤0 Initial weight (g) 

𝑤𝑓 Final weight (g) 

𝑤𝑡 Weight at time 𝑡 (g) 

XLT Xiaolontan coal 

XRD X-ray Diffraction 

XRF  X-ray fluorescence 

𝑥  Decomposed fraction of solid 

(𝑥)  Function of 𝑥 depending on the reaction mechanism 

𝑥 ̅  Average value 

𝑥𝑖  Data 𝑖 

𝑌𝑖   Mass fraction of each species 

𝑌𝑃   Mass fraction of any product species 

𝑌𝑅𝑅   Mass fraction of a particular reactant 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

z 
 

LIST OF SYMBOLS 

  Alpha, Temperature coefficient 

𝛽 Heating rate (°C/min) 

𝜀  Turbulence dissipation rate (J/kg.s) 

  Bulk viscosity coefficient 

𝜇 Micro, Molecular viscosity coefficient, Viscosity (Pa.s) 

𝑣 ′  Stoichiometric coefficient 

𝑣"  Stoichiometric for product 

𝜃 Zeta 

𝜌 Density (kg/m3) 

𝜎𝑠  Scattering coefficient 

 Operator 



 

aa 
 

STATEMENT OF ORIGINALITY 

The largest thermal power plant in the north of Thailand, EGAT Mae Moh, will face 

increasing slag problems with remaining lignite reserve. In order to have better 

understanding of slag problem, investigation on factors that influence formation and 

deposition of slag is required. There have been many studies previously on Mae Moh 

lignites. However, this work is among the first studies to focus on chemical and mineral 

compositions related to possible occurrence of slag. Further contribution includes:  

1. Effect of blended coal, with emphasis of different CaO contents in ash, was 

studied, based on AFT test, and the calculation of base to acid, 

silica/alumina, iron/calcium, and iron/dolomite ratios.  

2. Thermo-equilibrium program was employed to predict formation of slag 

from equilib and quaternary phase diagram models.  

3. Computational model of fluid flow was coupled with analytical model of 

coal combustion to predict the deposition of slag inside the boiler. 

I hereby certify that, my thesis does not infringe upon anyone’s copyright nor violate 

any proprietary rights. Furthermore, this work has not been submitted for a degree at 

this or any other university. 
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ข้อความแห่งการริเร่ิม 

โรงไฟฟ้าแม่เมาะเป็นโรงไฟฟ้าพลังความร้อนท่ีใหญ่ท่ีสุดในภาคเหนือของประเทศไทยก าลงัจะ
ประสบปัญหาเถ้าหลอมท่ีรุนแรงข้ึนจากการใช้ถ่านหินลิกไนต์ท่ีเหลืออยู่ เพื่อความเข้าใจท่ีดีข้ึน
เก่ียวกบัปัญหาเถ้าหลอม จึงจ าเป็นตอ้งศึกษาปัจจยัท่ีมีอิทธิพลในการเกิดและการสะสมตวัของเถ้า
หลอม อย่างไรก็ตามแมจ้ะมีการศึกษาเก่ียวกบัถ่านหินลิกไนต์ของแม่เมาะมาก่อนหน้าน้ีจ  านวนมาก 
แต่ส าหรับงานน้ีถือเป็นการศึกษาคร้ังแรกท่ีมุ่งเน้นไปท่ีองค์ประกอบทางเคมีและแร่ท่ีเก่ียวขอ้งกบั
ความเป็นไปไดใ้นการเกิดเถา้หลอม รวมถึงการศึกษาเพิ่มเติมดงัน้ี 

1. ผลจากการผสมถ่านหินโดยเน้นให้มีปริมาณแคลเซียมในเถา้ต่างกนั โดยศึกษาดว้ยการ
ทดสอบอุณหภูมิการหลอมตวัของเถา้และการค านวณอตัราส่วนเบสต่อกรด อตัราส่วน 
ซิลิกาต่ออลูมินา อตัราส่วนเหล็กต่อแคลเซียม และอตัราส่วนเหล็กต่อโดโลไมต ์

2. โปรแกรมสมดุลทางอุณหพลศาสตร์ ซ่ึงใช้ในการท านายการเกิดเถ้าหลอมจาก
แบบจ าลองสมดุลและแบบจ าลองแผนภาพเฟสส่ีองคป์ระกอบ 

3. แบบจ าลองเชิงค านวณการไหลของของไหลควบคู่กบัการวิเคราะห์การเผาไหมข้องถ่าน
หิน เพื่อท านายการสะสมตวัของเถา้หลอมภายในหมอ้ไอน ้า 

ขา้พเจา้ขอรับรองว่าวิทยานิพนธ์ของขา้พเจา้ไม่ละเมิดลิขสิทธ์ิของผูอ่ื้นหรือละเมิดกรรมสิทธ์ิใดๆ 
นอกจากน้ีงานน้ียงัไม่เคยถูกส่งเพื่อปริญญาในมหาวทิยาลยัน้ีหรือมหาวทิยาลยัอ่ืน 

 


