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WE. A RZTFFES, AT UH E M (GGA) & Perdew-Burke-Ernzerhof (PBE) & %, 4~ 31
st NaCl(110) £ Fe,0;(110) , AL, 05 (110) , NiO(110) 49 B B AE A 3t 47+ F . 2 % & 7 Fe, 05 (110) 5
NaCl(110) #9 R Mt a6 4 — 1 592. 576 9 eV, Al,O; (110) 5 NaCl(110) ¢ 2R I 5t 4 — 348. 856 €V,
NiO(110) 5 NaCI(110) 44 B Fr 4t A —16.022 9 eV. R AL A K B W 2L ML T, &F B 5 HF
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Quantum Chemistry Calculation for the Adsorption of NaCl
on Waterwall in High Alkali Coal
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(1. School of Energy and Power Engineering , University of Shanghai for Science and Technology , Shanghai 200093 , China ;
2. Department of Technical R& D, Shanghai Boiler Works Co. Ltd , Shanghai 200245 , China)

Abstract: According to the theory of quantum chemistry, using the generalized gradient
approximation (GGA) and Perdew-Burke-Ernzerhof (PBE) algorithm, the adsorption energy of
NaCl (110) on Fe, 05 (110), Al,O; (110) and NiO (110) surface was calculated respectively. The
results show that the adsorption energy of Fe,0; (110) and NaCl(110) is — 1 592.576 9 eV, the
adsorption energy of Al,Os; (110) and NaCl (110) is — 348. 856 eV and the adsorption energy of
NiO (110) and NaCl (110) is — 16. 022 9 eV. According to the adsorption theory that the bigger the
adsorption energy is, the stabler the adsorption structure is and the more serious the situation of
slagging and fouling is, the magnitude of the adsorption energy is positively correlated with the
slagging, so the fusion characteristics of coal can be predicted effectively by the theoretical
calculation of quantum chemistry.
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Tab.1 Lattice constants of NaCl, Fe,O;,Al;O; ,NiO

- R
s el NS b/A c/A
NaCl FM -3M 5.620 0 5.620 0 5.620 0
Fex 0 R-3C 5.0350 5.0350 5.0350
Al O3 R-3C 4.759 0 4.759 0 12.991 0
NiO FM -3M 4.168 4 4.168 4 4.168 4
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Fig.1 3D structure of the crystal
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Fig.2 Net surface of the crystal (110)
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Tab.2 Geometrical parameters of the adsorption model

EAS a/A b/A Num
Fe; 03 (110) — NaClI(110) 6.508 6  4.696 5 44
Al 05 (110) — NaClI(110) 6.3082  4.5512 47

NiO(110) — NaCl(110) 4.8942  3.460 7 24

# 2 71 T NaCl(110) i 43 51 5 Fe, 0, Al O,
B NiO f (110) 1 g 37 5t 18 458 78 I 7 JL AT 45 4
B w1, P S S S H0 R A ARk,
AERA BN . X B EE 1 S A R o
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Tab.3 Atomic charges of the adsorption model
E2 S = I S I T G S I G Y
01 -0.55 08 -0.57 Na3 0.69 Fe5 0.53
I\IFaeCjo? 03 -0.53010 -0.58 Na5 0.58 Fe7 0.72
mgkim 05 —0.54 012 —0.58 Fe2 0.62 CI2 —0.64
07 -0.54Na2 0.65 Fed 0.51 C4 —0.63
01 -1.01 08 -1.10 Na3 0.68 Al5 1.67
NaCl5 03 -1.08010 -1.12 Na5 0.58 Al7 1.64

Al O3
mkem 05 -1.08 012 -1.11 Al2 1.63 CI2 -0.61
07 -1.14 Na2 0.62 A4 0.97 Cl4 -0.62
NaCl 5 01 -0.69 06 —-0.68 Na5 0.48 Ni5 0.74
NiO 03 —-0.68 Na2 0.53 Ni2 0.55 CI2 -0.52
YRl
R 05 -0.68 Na4 0.46 Ni4 0.70 ClH4 -0.55
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Fig.3 Model of crystal interaction
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Tab.4 Part of the bond length data of the optimized clean surface and interface model

e K e K i K i K i S
2.585 99 2.624 62 1.786 06 1.795 03 2.489 89
Na2 - CI2 Na3 - CI3 012 - Fel2 08 - Fel3 Fe2 — FelO
2.590 35 2.625 50 1.786 20 1.795 65 2.492 16
2.585 99 2.624 62 1.798 02 1.834 26 2.602 36
Na2 - CI2 Na3 - CI3 013 - A4 06 — Al14 Al4 - AI8
2.664 91 2.63579 1.812 16 1.801 67 2.675 42
2.585 99 2.624 62 1.857 43 1.893 51 2.812 11
Na2 - CI2 Na3 - CI3 04 - Ni2 05— Ni4 Ni5 - Ni6
2.515 20 2.528 90 1.861 58 1.895 76 2.807 87
2.3 HENENRER

R5 FAEREREHEE

Tab.5 Energy on the surface of interface model

4 7 E./ eV Eq/ eV Eo/ eV

F%Sa%ll(f)); ~30187.7276 —21726.802 —6 868.3487
Aﬁ?éffﬁ(gf ~18 685,550 0 — 11 468.348 7 — 6 868.348 7
I\Il\igéll(lloﬁ]; ~17607.841 2 —10 755.515 4 ~ 6 868.348 7

E.=-1592.576 9 eVE, =
— 348.856 eVE; = — 16.022 9 eV
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Fig.4 Diagram of ash deposition process
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