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APPENDIX A 

Conversion factor 

 

 

Figure A.1 Conversion formula for calculation of different bases results (Thomas, 1992; 

ASTM D3180-07) 
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Appendix B 

SEM, EDS, XRD results 

B.1 The results of raw coals 

B.1.1 Surface morphology from SEM 

 

Figure B.1  Surface morphology of C1 lignite 

 

Figure B.2  Surface morphology of SE lignite
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B.1.2 Element compositions from EDS 

 

Figure B.3  Graph pattern of C1 lignite 

Table B.1  Element compositions of the C1 lignite 

Element C O Mg Ca Ti 

weight 60.72 34.52 1.29 2.48 0.99 

 

Figure B.4  Graph pattern of SE lignite 

Table B.2  Element compositions of the SE lignite 

Element C O Mg Ca 

weight 60.97 33.11 1.50 4.42 
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B.1.3  Mineral compositions from XRD 

1)  Lignite C1 
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2)  Lignite SE 
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B.2 The results of real slags 

B.2.1 Element compositions from EDS 

 

Figure B.5 Graph pattern of slag a 

 

Figure B.6 Graph pattern of slag b 
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Figure B.7 Graph pattern of slag c 

 

Figure B.8 Graph pattern of slag d 
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B.2.2  Mineral compositions from XRD 

1)  Slag a 
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1)  Slag b 
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1)  Slag c 
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1)  Slag d 
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B.3 The results of blended coals 

B.3.1 Element compositions from EDS 

 

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 
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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 
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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 
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Appendix C 

FACTSAGE results 

C.1 The results from Equilib model 

 

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

 

 

0

10

20

30

40

50

60

70

80

90

100

0

2

4

6

8

10

12

14

16

18

20

22

24

800 1000 1200 1400 1600

coal (gram) Slag (gram) percent slag in solid product

m
a

ss
 o

f 
so

li
d

 (
g

ra
m

)

sla
g

(%
)

temperature (°C)

0

10

20

30

40

50

60

70

80

90

100

0

2

4

6

8

10

12

14

16

18

20

22

24

800 1000 1200 1400 1600

coal (gram) Slag (gram) percent slag in solid product

m
a
ss

 o
f 

so
li

d
 (

g
ra

m
)

sla
g

(%
)

temperature (°C)



 

223 

 

Table C.1 Mineral of solid from lignite sample A 

Solid 

\Temperature(°C) 
800 900 1000 1100 1200 1300 1400 1500 1600 

Fe2O3 

hematite 
5.100 5.100 5.098 4.993 4.530 3.107 - - - 

CaSO4 

Anhydrite 
4.904 4.904 2.546 - - - - - - 

NaAlSi3O8 

High-Albite 
2.877 2.877 - - - - - - - 

Mg2Al4Si5O18 

Cordierite 
1.807 1.807 - - - - - - - 

Mg4Al10Si2O23 

Sapphirine 
1.538 1.538 - 1.436 0.798 - - - - 

KAlSi2O6 

Leucite(RHF)-B 
1.112 1.112 1.109 0.846 0.754 0.620 0.350 - - 

Mg2SiO4 

forsterite 
0.278 0.278 1.214 - - - - - - 

TiO2 

Rutile 
0.040 0.031 - - - - - - - 

Mg3P2O8 

 
0.019 0.019 - - - - - - - 

Mn2O3 

Bixbyite-HT(cubic) 
0.009 - - - - - - - - 

MnTiO3 

Pyrophanite 
- 0.017 - - - - - - - 

CaAl2Si2O8 

Anorthite 
- - 4.419 0.780 - - - - - 

Ca5HO13P3 

Hydroxyapatite 
- - 0.024 0.024 0.024 - - - - 

NaAlSiO4 

Nepheline 
- - 1.153 - - - - - - 

CaTiO3 

Perovskite-A 
- - 0.064 - - - - - - 

Ca2MgSi2O7 

Akermanite (melilite) 
- - - 1.283 - - - - - 

Ca3(PO4)2 - - - - - 0.022 0.022 0.021 0.016 

Total (g) 

 

17.683 17.682 15.626 9.361 6.104 3.749 0.372 0.021 0.016 
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Table C.2 Mineral of solid from lignite sample B 

Solid 

\Temperature(°C) 
800 900 1000 1100 1200 1300 1400 1500 1600 

Fe2O3 

hematite 
4.620 4.620 4.617 4.534 3.871 1.900 - - - 

CaSO4 

Anhydrite 
6.652 6.652 4.177 - - - - - - 

NaAlSi3O8 

High-Albite 
2.285 2.285 - - - - - - - 

Mg2Al4Si5O18 

Cordierite 
2.728 2.729 - - - - - - - 

Mg4Al10Si2O23 

Sapphirine 
0.388 0.388 - 0.561 - - - - - 

KAlSi2O6 

Leucite(RHF)-B 
0.834 0.834 0.784 0.531 - - - - - 

Mg2SiO4 

forsterite 
0.328 0.328 0.878 - - - - - - 

TiO2 

Rutile 
0.030 0.021 - - - - - - - 

Mg3P2O8 

 
0.037 0.037 - - - - - - - 

Mn2O3 

Bixbyite-HT(cubic) 
0.009 - - - - - - - - 

MnTiO3 

Pyrophanite 
- 0.017 - - - - - - - 

CaAl2Si2O8 

Anorthite 
- - 3.186 - - - - - - 

Ca5HO13P3 

Hydroxyapatite 
- - 0.047 0.047 0.047 - - - - 

CaTiO3 

Perovskite-A 
- - 0.040 - - - - - - 

Ca2MgSi2O7 

Akermanite (melilite) 
- - - 2.476 - - - - - 

Ca3(PO4)2 - - - - - 0.044 0.044 0.044 0.042 

CaMgSi2O6 

diopside(cl-pyroxene) 
- - 0.650 - - - - - - 

Ca2Al2SiO7 

Gehlenite   
- - - 1.314 - - - - - 

Total (g) 

 

17.911 17.910 14.379 9.463 3.918 1.944 0.044 0.044 0.042 
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Table C.3 Mineral of solid from lignite sample C 

Solid 

\Temperature(°C) 
800 900 1000 1100 1200 1300 1400 1500 1600 

Fe2O3 

hematite 
4.45 4.45 4.449 4.406 3.358 - - - - 

CaSO4 

Anhydrite 
8.983 8.896 5.864 - - - - - - 

NaAlSi3O8 

High-Albite 
2.115 1.871 - - - - - - - 

Mg2Al4Si5O18 

Cordierite 
2.488 2.523 - - - - - - - 

KAlSi2O6 

Leucite(RHF)-B 
2.488 0.475 0.319 - - - - - - 

Mg2SiO4 

forsterite 
- - 0.293 - - - - - - 

TiO2 

Rutile 
2.488 0.028 - - - - - - - 

Mg3P2O8 

 
0.056 - - - - - - - - 

Mn2O3 

Bixbyite-HT(cubic) 
0.009 - - - - - - - - 

CaAl2Si2O8 

Anorthite 
- - 2.410   - - - - 

Ca5HO13P3 

Hydroxyapatite 
- - 0.071 0.071 0.071 - - - - 

CaTiO3 

Perovskite-A 
- - 0.044 0.002 - - - - - 

Ca2MgSi2O7 

Akermanite 

(melilite) 

- - - 3.083 - - - - - 

Ca3(PO4)2 - - - - - 0.066 0.066 0.065 0.065 

MgSiO3 

ortho-enstatite 
0.751 0.803 - - - - - - - 

SiO2 

Quartz 
0.261 - - - - - - - - 

Ca3(PO4)2 

Whitlockite 
- 0.066 - - - - - - - 

Mn3Al2Si3O12 

Mn-Pyrope 
- 0.019 - - - - - - - 

CaMgSi2O6 

diopside 
- - 2.620 - - - - - - 

Ca2Al2SiO7 

Gehlenite   
- - - 1.877 - - - - - 

Ca3MgSi2O8 

Merwinite 
- - - 0.954 0.764 - - - - 

Total (g) 

 

22.249 19.130 16.071 10.395 4.193 0.066 0.066 0.065 0.065 
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Table C.4 Mineral of solid from lignite sample D 

Solid 

\Temperature(°C) 
800 900 1000 1100 1200 1300 1400 1500 1600 

Fe2O3 

hematite 
4.090 4.090 4.089 3.785 3.000  - - - 

CaSO4 

Anhydrite 
10.415 10.328 7.013 - - - - - - 

NaAlSi3O8 

High-Albite 
1.777 1.118 - - - - - - - 

Mg2Al4Si5O18 

Cordierite 
1.624 1.737 - - - - - - - 

KAlSi2O6 

Leucite(RHF)-B 
0.463 - 0.395 - - - - - - 

TiO2 

Rutile 
0.020 0.016 - - - - - - - 

Mg3P2O8 

 
0.056  - - - - - - - 

Mn2O3 

Bixbyite-HT(cubic) 
0.009 - - - - - - - - 

CaAl2Si2O8 

Anorthite 
- - 1.453 0.071  - - - - 

Ca5HO13P3 

Hydroxyapatite 
- - 0.072  0.071 0.071 - - - 

CaTiO3 

Perovskite-A 
- - 0.024 - - - - - - 

Ca2MgSi2O7 

Akermanite 

(melilite) 

- - - - - - - - - 

Ca3(PO4)2 - - - - -  0.066 0.066 0.066 

SiO3 

ortho-enstatite 
1.023 1.048 - - - - - - - 

SiO2 

Quartz 
0.777 - - - - - - - - 

Ca3(PO4)2 

Whitlockite 
- 0.066 - - - - - - - 

Mn3Al2Si3O12 

Mn-Pyrope 
- 0.018 - - - - - - - 

SiO2 

Tridymite 
- 0.138 - - - - - - - 

CaMgSi2O6 

diopside 
- - 3.474 - - - - - - 

Ca2Al2SiO7 

Gehlenite 
- - 1.204 - - - - - - 

Ca3MgSi2O8 

Merwinite 
- - - - 3.154 - - - - 

Total (g) 

 

20.254 18.558 10.824 10.824 6.224 0.071 0.066 0.066 0.066 
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Table C.5 Mineral of solid from lignite sample E 

Solid 

\Temperature(°C) 
800 900 1000 1100 1200 1300 1400 1500 1600 

Fe2O3 

hematite 
3.990 3.990 3.319 3.130 2.348  - - - 

CaSO4 

Anhydrite 
12.746 12.63 7.847 1.000 - - - - - 

NaAlSi3O8 

High-Albite 
1.439 0.977 - - - - - - - 

Mg2Al4Si5O18 

Cordierite 
1.0171 1.0927 - - - - - - - 

KAlSi2O6 

Leucite(RHF)-B 
0.324 - 0.273 - - - - - - 

TiO2 

Rutile 
0.020 0.017 - - - - - - - 

Mg3P2O8 

 
0.074 - - 0.131 - - - - - 

Mn2O3 

Bixbyite-HT(cubic) 
0.009 - - - - - - - - 

CaAl2Si2O8 

Anorthite 
- - 0.900 - - - - - - 

Ca5HO13P3 

Hydroxyapatite 
-  0.094 0.094 0.094 0.094 - - - 

NaAlSiO4 

Nepheline 
- - - - - - - - - 

CaTiO3 

Perovskite-A 
- - 0.027 0.007 - - - - - 

Ca3(PO4)2 - - - - - - 0.087 0.087 0.087 

MgSiO3 

ortho-enstatite 
1.260 1.319 - - - - - - - 

SiO2 

Quartz 
1.576 - - - - - - - - 

Mn3Al2Si3O12 

Mn-Pyrope 
- 0.018 - - - - - - - 

Ca3(PO4)2 

Whitlockite 
- 0.087 - - - - - - - 

SiO2 

Tridymite 
- 1.104 - - - - - - - 

CaMgSi2O6 

diopside 
-  3.587 - - - - - - 

Ca3Fe2Si3O12 

Andradite 
- - 2.132 - - - - - - 

Ca2Al2SiO7 

Gehlenite   
- - - 0.878 - - - - - 

Ca3MgSi2O8 

Merwinite 
- - - 5.330 4.282 - - - - 

Ca3Fe2Si3O12 

Andradite 
- - - 2.617 - - - - - 

Total (g) 22.455 21.235 18.169 13.186 6.724 0.094 0.087 0.087 0.087 
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Table C.6 Mineral of solid from lignite sample F 

Solid 

\Temperature(°C) 
800 900 1000 1100 1200 1300 1400 1500 1600 

Fe2O3 

hematite 
3.45 3.45 2.573 3.420 0.228 - - - - 

CaSO4 

Anhydrite 
14.324 14.180 9.276 2.538 - - - - - 

NaAlSi3O8 

High-Albite 
1.185 0.986 - - - - - - - 

Mg2Al4Si5O18 

Cordierite 
0.193 0.219 - - - - - - - 

KAlSi2O6 

Leucite(RHF)-B 
0.139 - 0.098 - - - - - - 

TiO2 

Rutile 
0.010 0.009 - - - - - - - 

Mg3P2O8 0.092 - - - - - - - - 

Mn2O3 

Bixbyite-HT(cubic) 
0.009 - - - - - - - - 

CaAl2Si2O8 

Anorthite 
- - 0.118 - - - - - - 

Ca5HO13P3 

Hydroxyapatite 
- - 0.118 0.118 0.118 0.118 0.118 - - 

CaTiO3 

Perovskite-A 
- - 0.012 - - - - - - 

Ca2MgSi2O7 

Akermanite (melilite) 
- - - - - - - - - 

Ca3(PO4)2 - - - - - - - 0.109 0.109 

MgSiO3 

ortho-enstatite 
1.546 1.643 - - - - - - - 

SiO2 

Quartz 
1.805 - - - - - - - - 

Ca3(PO4)2 

Whitlockite 
- 0.109 - - - - - - - 

Mn3Al2Si3O12 

Mn-Pyrope 
- 0.019 - - - - - - - 

SiO2 

Tridymite 
- 1.558 - - - - - - - 

CaMgSi2O6 

diopside 
- - 3.648 - - - - - - 

Ca3Fe2Si3O12 

Andradite 
- - 2.787 - - - - - - 

Ca2Al2SiO7 

Gehlenite   
- - - 0.059 - - - - - 

Ca3MgSi2O8 

Merwinite 
- - - 5.457 5.028 3.252 - - - 

Ca3Si2O7 

Rankinite 
- - - 2.279 - - - - - 

Ca2SiO4 

Alpha-prime 
- - - - 1.219 - - - - 

Total (g) 22.753 22.174 18.630 13.870 6.593 3.370 0.118 0.109 0.109 
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Table C.7 Mineral of solid from lignite sample G 

Solid 

\Temperature(°C) 
800 900 1000 1100 1200 1300 1400 1500 1600 

Fe2O3 

hematite 
3.450 3.450 2.653 3.425 - - - - - 

CaSO4 

Anhydrite 
14.663 14.504 9.780 2.875 - - - - - 

NaAlSi3O8 

High-Albite 
1.334 1.170 - - - - - - - 

KAlSi2O6 

Leucite(RHF)-B 
0.089 - - - - - - - - 

TiO2 

Rutile 
0.010 - - - - - - - - 

Mg3P2O8 0.092 - - - - - - - - 

Mn2O3 

Bixbyite-HT(cubic) 
0.018 - - - - - - - - 

Ca5HO13P3 

Hydroxyapatite 
- - - 0.118 - - - - - 

CaTiO3 

Perovskite-A 
- - 0.012 -- - - - - - 

Ca3(PO4)2 - -  - - - - 0.109 0.109 

MgSiO3 

ortho-enstatite 
1.762 1.868 - - - - - - - 

SiO2 

Quartz 
1.70 - - - - - - - - 

SiO2 

Tridymite 
- 1.430 - - - - - - - 

CaMgSi2O6 

diopside 
- - 3.936 - - - - - - 

Ca3Fe2Si3O12 

Andradite 
- - 2.533 - - - - - - 

Ca3MgSi2O8 

Merwinite 
- - - 5.953 5.553 3.866 - - - 

Ca3Si2O7 

Rankinite 
- - - 1.920 - - - - - 

Ca2SiO4 

Alpha-prime 
- - - - 1.370 - - - - 

K3Na(SO4)2 0.025 - - - - - - - - 

MnTiO3 

Pyrophanite 
- 0.017 - - - - - - - 

Ca5HO13P3 

Hydroxyapatite 
- 0.118 0.118 - 0.118 0.118 0.118 - - 

MnSiO 

Rhodonite 
- 0.015 - - - - - - - 

Total (g) 23.143 22.572 19.030 14.291 7.040 3.984 0.118 0.109 0.109 
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C.2 The results from Phase Diagram model 

 

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

 

Figure C.19  Quaternary diagram of SiO2-Al2O3-CaO-Na2O system of Lignite E 
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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 
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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 
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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 
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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 
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Figure C.28  Quaternary diagram of SiO2-Al2O3-CaO-MgO system of Lignite G 
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Appendix D 

Case study in CFD simulation 

D.1 Parameter usage in CFD program 

 

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

Operation Date 16 January 2006 

Generator Active Power (kW) 300,217 

Total Coal Flow (kg/s) 75 

Total Air Flow (kg/s) 338 

Air/Fuel Ratio  4.53 

Primary Air Flow (kg/s) 159 

Secondary Air Flow (kg/s) 178 

O2 (%) 3 

Pulverizer#1 Outlet Temperature (°C) 56.19 

Pulverizer#2 Outlet Temperature (°C) 54.00 

Pulverizer#3 Outlet Temperature (°C) 58.79 

Pulverizer#4 Outlet Temperature (°C) 53.29 

Pulverizer#5 Outlet Temperature (°C) 60.13 

Auxiliary Air Temperature (°C) 268.63 

Winbox/Furnace Different Pressure (Pa) 1,590.08 

Boiler Efficiency (%) 87.32 

Coal (kg) 6,554,000 

HHV Coal (MJ/kg) 11.438 
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Proximate analysis 

Moisture (%) 30.48 

Ash (%) 27.56 

Volatile (%) 25.00 

Fixed Carbon (%) 16.96 

Sulfur (%) 2.68 

Ultimate analysis 

C (%) 28.84 

H (%) 5.34 

N (%) 1.06 

O (%) 34.16 

S (%) 2.70 

Ash Composition 

Na2O (%) 0.79 

MgO (%) 2.09 

Al2O3 (%) 19.39 

SiO2 (%) 35.16 

P2O5 (%) 0.16 

SO3 (%) 12.97 

K2O (%) 2.47 

CaO (%) 14.60 

TiO2 (%) 0.38 

MnO2 (%) 0.12 

Fe2O3 (%) 11.86 

CaO (freeSO3) (%) 16.78 
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Ash Fusibility Temperature 

IT (°C) 1,299 

ST (°C) 1,312 

HT (°C) 1,328 

FT (°C) 1,433 

Heat Flux (kW/m2) @ Boiler Level 

15 m. 102 

20 m. 94 

23 m. 51 

27 m. 55 

30 m. 84 

34 m. 120 

38 m. 104 

Furnace Gas Exit Temperature (°C) 1,089 

Outlet Flue Gas Temperature (°C) 469 

Boiler Exit Temperature (°C) 165 

Above Burner 54 (°C) 1,037 

D.2 Setup and Solution 

Step 1: Grid 

1.1 Read the mesh file from ICEM 

1.2 Check the grid. 

1.3 Display the grid. 

1.3.1 Select all the surfaces from the Surfaces selection list. 

1.3.2 Click Display and close the Grid Display panel. 
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Step 2: Models 

2.1  Select the standard k- turbulence model. 

2.2 Enable the Energy Equation. 

2.3 Select the Species Transport model. 

2.3.1 Select Species Transport from the Model list. 

2.3.2 Enable Volumetric from the Reactions list. 

2.3.3 Select coal-hv-volatiles-air from the Mixture Material drop-down list. 

2.3.4 Select Eddy Dissipation from the Turbulence-Chemistry Interaction 

list. 

2.3.5 Click OK to close the Species Model panel. 

2.4 Select the DO radiation model. 

2.5 Enable the Discrete Phase model. 

2.5.1 Enter 40000 for Max. Number of Steps. 

2.5.2 Enable Specify Length Scale and enter 0.0025 m for Length Scale. 

2.5.3 Click OK to close the Discrete Phase Model panel. 

Step 3: Injections 

3.1 Define 4 injections from surface of coal panels. 

3.1.1 Click the Create button to open the Set Injection Properties panel. 

3.1.2 The common properties for 4 injections are shown in below: 

1) Particle Type: Combusting 

2) Material: coal-hv 

3) Devolatilizing Species: hv_vol 

4) Product Species: co 

5) Oxidizing Species: o2 

6) Point Properties: Temperature= 333 (K) , Z and X direction of 

velocity (m/s), Diameter 7.4e-5 (m), and Total Flow Rate 18.25 

(kg/s) 

7) Turbulent Dispersion: Stochastic Model with values for Number 

of Tries and Time Scale Constant as 10 and 0.15 respectively. 

3.2 Retain the default values for the other parameters. 
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3.3 Close the Injections panel. 

Step 4: Materials 

4.1 Modify the properties for the coal-hv-volatiles-air mixture. 

4.1.1 Add carbon-monoxide (co) from the FLUENT materials database. 

1) Click the Fluent Database…button to open the Fluent Database 

Materials panel. 

2) Select fluid from the Material Type drop-down list. 

3) Select carbon-monoxide (co) from Fluent Fluid Materials panel. 

4) Click Copy and close the Fluent Database Materials panel. 

4.2  Click the Edit…button to the right of the Mixture Species drop-down list to 

open the Species panel. 

1)  Add carbon-monoxide (co) to the list of Mixture Species. 

Note: Make sure nitrogen is the last species in the list. If not, 

remove nitrogen and add it again. 

2)  Click OK to close the Species panel. 

4.3  Click the Edit…button to the right of the Reaction drop-down list to open 

the Reactions panel. 

1) Edit the Eddy-Dissipation reaction model as follows: 

a. Click 2-step reaction 

b. Include so2 in the combustion 

c. Input the parameter from Proximate analysis (as-received) 

d. Input the parameter form Ulimate analysis (ash dry free) 

e. Click wet combustion 

2) Set the properties for the coal 

a. Coal As-Received HCV = 800 (j/kg) 

b. Volatile Molecular weight = 30 (kg/kgmole) 

c. CO/CO2 Split in Reaction 1 Products = 1 

d. High Temperature Volatile Yield =1.5 

e. Fraction of N in Char (DAF) = 0.7 

3) Retain the default values for the other parameters. 

4) Click OK to close the Reactions panel. 
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4.4 Set the properties for the combusting particle coal-hv. 

4.4.1 Density = 800 (kg/m3) 

4.4.2 Cp (Secific Heat) = 1100 (J/kg-K) 

4.4.3 Thermal Conductivity = 0 (w/m-K) 

4.4.4 Latent Heat = 0 (J/kg) 

4.4.5 Vaporization Temperature = 700 (K) 

4.4.6 Volatile Component Fraction = 55 (%) 

4.4.7 Binary Diffusivity = 3e-05 (m2/s) 

4.4.8 Selling Coefficient = 2 

4.4.9 Burnout Stoichiometric Ratio = 1.33 

4.4.10 Combustible Fraction = 36.7 (%) 

4.4.11 Heat of Reaction for Burnout = 9.210416e6 (j/kg) 

4.4.12 React. Heat Fraction Absorbed by solid = 100 (%) 

4.4.13 Devolatilization Model = Single rate; Pre-Exponential Factor, 

Activation Energy (J/kgmol) 

4.4.14 Combustion Model = Intrinsic Model 

4.5 Set properties for o2, co2, h2o, co, and n2. Select piecewise-polynomial 

from the Cp drop-down list for o2, co2, h2o, co, and n2 species and accept 

the default values. 

4.6 Set properties for coal volatiles coal_hv_volatiles. Enter 50 for Molecule 

Weight and -1.8474e7 for Standard State Enthalpy. 

4.7 Click Chang/Create and close the Materials panel. 

Step 5: Cell Zone Conditions 

Set all zone for fluid type. 

Step 6: Boundary Conditions 

6.1 Set the boundary condition for inlet of coal and air as specified in follows: 

6.1.1 Velocity Specification method = Components (m/s) 

6.1.2 Coordinate System = Cartesian (x, y, z) 

6.1.3 Temperature (K) 

6.1.4 Turbulence Intensity (%) 
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6.1.5 Hydraulic Diameter (m) 

6.1.6 Species Mass Fraction of o2 = 0.2315 

6.2 Set the boundary condition for outlet as outflow. The bottom outlet was set as 

an escape wall 

6.3 Set the boundary condition for the wall zones. The all of the wall surfaces 

were set as the no-slip condition. 

6.3.1 Thickness = 0.004572 (m) 

6.3.2 Temperature = 673 (K) 

6.3.3 Internal Emissivity = 0.8 

6.3.4 Thermal Conductivity of material = 1.5 W/m-K 

6.4 Close the Boundary Condition panel. 

Step 7: Initiate Reacting Flow Solution 

7.1 Patch high temperature and product species mass fractions in reaction zone. 

7.1.1 Select Inside in the Options list and Hex in the Shapes list. 

7.1.2 Enter the Input Coordinates  

1) X-Axis; Min = 1 (m), Max = 14 (m) 

2) Y-Axis; Min = 10 (m), Max = 25 (m) 

3) Z-Axis; Min = -6 (m), Max = 6 (m) 

7.1.3  Click Mark and close the Region Adaption panel. 

7.2   Patch the following values in the reaction zone. 

7.2.1 Select Hex-01 from the Registers to Patch selection list and patch the 

following values: 

1)  Temperature = 2000 (K) 

2)  h2o mass fraction = 0.01 

3)  co2 mass fraction = 0.01 

7.3   Close the Patch panel. 

7.4  Set the Under-Relaxation Factors as follows: 

7.4.1   Energy = 0.95 

7.4.2 Species = 0.95 

7.4.3   Discrete Phase Sources = 1 

Step 8: Obtain Converged Solution 
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8.1 Set the Residual Monitors as follows: 

8.1.1 Click on for Print to console 

8.1.2 Click on Plot; Window = 1, Iterations to Plot = 1000, Iterations to start 

= 1000 

8.1.3 Convergence Criterion = absolute 

8.1.4 Equation = 0.001, Energy = 1e-06 

8.1.5 Create the Surface Monitors: 

1) Area-weighted Average of Temperature for outflow 

2) Area-weighted Average of Velocity of outflow 

8.2 Run calculation; 10000 Number of iterations. 

Step 9: Post-processing 

9.1 Check the mass balance for convergence. 

9.1.1 Select Mass Flow Rate from the Options list. 

9.1.2 Select all the zones from the Boundaries selection list and click 

Compute (this is net gas phase mass flux, the negative number 

indicates net gas mass leaving the domain). 

9.1.3 Close the Flux Reports panel. 

9.1.4 Select Sum from the Report Type list. 

9.1.5 Select Discrete Phase Model… and DPM Mass Source from the Field 

Variable drop-down lists. 

9.1.6 Select fluid from the Cell Zones selection list and click Compute (this 

is net mass transfer from the discrete phase coal particles to the gas 

phase). 

9.1.7 Close the Volume Integrals panel. 

9.2 Check the net heat transfer. 

9.2.1 Select Total Heat Transfer Rate from the Options list. 

9.2.2 Select all the zones from the Boundaries selection list and click 

Compute (this is net gas phase heat transfer). 

9.2.3 Close the Flux Reports panel. 

9.2.4 Select Sum from the Report Type list. 
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9.2.5 Select Discrete Phase Model… and DPM Enthalpy Source from the 

Field Variable drop-down lists. 

9.2.6 Select fluid from the Cell Zones selection list and Compute (this is net 

discrete phase heat transfer). 

9.2.7 Close the Volume Integrals panel. 

9.3  Display filled contours of velocity magnitude. 

9.4 Display filled contours of static temperature. 

9.5  Display filled contours of wall heat flux. 

9.6  Display particle tracks for 4 injections. 

D.3 Results of raw coals 

 

Figure D.1 Predicted surface heat flux of lignite C1 
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Figure D.2 Predicted surface heat flux of lignite SE 
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