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Density Functional Theory Regarding the Meltbility of
Kaolinite in Coal Ash
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Abstract: Two kinds of double salts were selected; kaolinite with high melting temperature and
microcline rich in potassium with lower melting temperature. The reaction activity of kaolinite and
microcline was calculated based on the density functional theory (DFT) of First Principle and the
quantum chemistry ab initio calculation by using the generalized gradient approximation (GGA) and
the PW 91 algorithm. Then the hinghest occupied molecular orbital, lowest unoccupied molecular
orbital,density of states and Milliken population of kaolinite and microcline were analyzed. The
results show that the value of energy level difference AE of kaolinite is quite large which reduces
the chemical reaction activity and mullite forms after kaolinite loses H,O molecular in high
temperature. It is easy for kaolinite to react with the electron acceptor when it loses H,O
molecular, while it is difficult for kaolinite to react with the electron donor. Kaolinite becomes
microcline when K™ as an electron accepter enters into the crystal lattice of kaolinite losing H,O

molecular which lowers the melting temperature of coal ash.
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Tab.1 Characteristic melting temperature of coal

ash mixed with kaolinite

#mx/%  DT/T ST/C FT/C REFLE
10.0 1170 1180 1210 1.74
15.2 1180 1 200 1 250 1.69
20.0 1180 1220 1 280 1.65
25.2 1190 1240 1 295 1.61
30.0 1215 1 280 1 330 1.58
35.2 1245 1 330 1375 1.56
40.2 1285 1 360 1 395 1.53
45.0 1315 1 380 1 400 1.51
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Tab.2 Fusion temperature of eutectics

BT 5 5/C AR fimi/C

CaO+ Fez O3 1 205 CaSO + CaS 850
CaO + FeO 1135 MgSOy + Naz SOy 630

CaO+ SiO, 1436 | CaSOs + NazSO4 + K2 S04 845~933
Naz SOy + NaCl 721 FeS+FeO 940
CaSOy + Naz SOy 918 Naz S+ FeS 661
Si0; + Al O3 + CaO 1 265 Si0; + Ca0+ K, O 730
Si0; + Al O3 + Fe; O3 1073 Si0; + MgO + K20 700
Si0; + AL O3 + K20 695 Si0; + Na; O+ K20 540
MgO+ Fe; 03 697 MgO + SiO; 747
CaO + Fez 03 597 Fe; 03 + SiO2 577
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Fig.2 HOMO and LUMO of kaolinite
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Fig.3 TDOS of kaolinite
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Tab.3 Milliken population

By AiEEC)| T iR T i g
All 1.433 Sid 1.873 09 -0.985
Al2 1.457 || 01,06 -0.991 011,015  -0.787
Al3 1.434 || 02,07 -0.981 012 -0.780
A4 1.458 || 03,08 —0.969 013 -0.784
Si1,Si3  1.863 04  -0.986|| 014,016,018 —0.779
Si2 1.872 | 05,010 —0.983 017 -0.785
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Tab.4 Partial bond length of optimized microcline

it HH /nm

it #H/nm

i #H/nm

02-Al2 0.176 101
010 - Al3 0.175 380,
030 - Al2 0.176 101
026 — Al8 0.174 715
05-Sil 0.162 756
012 - Si2 0.162 516

023 - Si3 0.162 516

02-AlI3 0.175413
015- A4 0.175 413
021-AI8 0.176 101
026 — Al11 0.175 380

06—-Sil 0.162 887
017 -Si2 0.162 756
028 -S4 0.162 516

010—-Al5 0.174 715
015-Al5 0.176 101
021—-A19 0.175 413
030 —All 0.175 413
07-Sil 0.162 516
019 - Si3 0.162 756
029 -S4 0.168 870
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