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Fig. 1 Structural model of pure MnQO, and Fe doped MnQO,
(a) MnO, J5 4544 5 (b) Fe 44 1) MnO, %544
(a)MnO; cell structure; (b)Fe doped MnO; structure
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Fig. 2 Six different adsorption sites on the MnQ, plane

W B LIS MinO, (110) [ g . E (ads) 2y 171 {8 3 W] 1%
At 3ok R S i o, LA )N 3 T R R . T B e T
LA D St o 2R WY R AR R B LW B IS R R B
farE. ECads) B/NFRR K R E MR, RZ E
(ads) R R I &R 19528 M B 22, TR M g W 2
0. 62<CE Cads) <0 B 2y 2 0 [, W B 68 W 2
—9. 84<<E(ads)<<—0. 62 B} Fyfb 27 g Bt

4 Fe 1% MnO,(110) 3= T # R Fff

4.1 CI £ Fe #%% MnO, (110) 3= T K 1% Bt

%1 M2 2 20518 MnO, (110) £ [ 78 Fe $52¢
T CR B AN R i 25 b B G L 8RR B % 3 T
o Af M. 28 1 T LU N Fe 3B 2% 01 Ja 19 W%
MRETE — 2. 221 ~ — 1.546 eV Z[a]. ¥ B Cl 7
MnO, (110) & T W BEJ& T4k 4 W J 5 X 1L Fe 48 ¢
Al Mn—O KA kI, Fe BRFHK A K, %
W Fe 1524 5 — %0104 ih MR BRI 0K . i 0 L % T AR

R 1 Fe BZAE Cl RMIE] MnO, 3RTE A 5] £ 9 2 1< Fn 0% Bif &€

Table 1 The bond length and adsorption energy of Cl adsorbed to different sites on the surface of MnO, before and
after Fe-doping

13718 W B BE /e V K Mn—CI/A K Mn—0/A K Cl—0/A
KB4 Mn; —1.546 2.231 1. 909 2.961
KB Oy top —2.221 3. 244 1. 870 1. 661
Fe-Mn; —1.372 2.282 1. 958 2.793
Fe-Mn; bridge —1.630 2.206 1. 995 2.974
Fe-Mn; top —1.670 2.212 1. 981 2.935
hollow —1.681 2.215 1.984 2. 942
Fe-O,, top —2.174 3.328 1. 873 1. 647
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Table 2 The charge amount of Cl adsorbed to different sites on

the surface of MnO, (110) before and after Fe-doping

7 25, Mn 0 Cl
A1 Mn; 0.98 —0.54  —0.13
FiB2E O, top 1.08 —0.55  —0.29
Fe-Mn; 0.97 —0.54  —0.13
Fe-Mn; bridge 0. 99 —0.56  —0.13
hollow 0.97 —0.55 —0.14

Fe-O,, top 0. 97 —0. 57 —0.32
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Table 3 Adsorption energy and bond length of Hg adsorbed to different sites on the surface of MnO, (110)

before and after Fe-doping

13 45 W B R/ eV K Mn—Hg/A K Mn—0/A K Hg—O/A
Mn; —0.172 2.871 1. 962 3. 264
O, top —0.328 4. 388 1. 941 2. 496
O, top —0.298 3.261 1.908 2.595
Fe-Mn; —0.036 3.721 1. 885 3. 906
Fe-O,, top —0. 295 3. 268 1. 887 2.478
Fe-O,top —0.223 3.223 1.922 2. 488

F 4 FetsZui/a Ho Wi 2] MnO, (110) =& A [E L = At
REFHBEETE
Table 4 Atomic charge amount of Hg adsorbed to different

sites on the surface of MnO, (110) before and after

Fe-doping
57 14, Mn 0] Hg
Mn; 0.9 —0. 56 0. 25
Oy, top 1.05 —0. 54 0. 39
O, top 1. 05 —0.52 0. 36
Fe-Mn; 1.11 —0.58 0.11
Fe-O,, top 1. 05 —0.59 0.12
Fe-O,top 1. 06 —0. 56 0.23
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Table 5 Adsorption energy and bond length of HgCI adsorbed to MnO, (110) surface before and after Fe-doping

WHRE K Mn—Cl #4K Mn—O K Cl—Hg #K CI—0O #K Hg—Mn ##K He—O

45,
/eV /A /A /A /A /A /A

Mn; —0.548 2.315 1. 984 2.81 2.998 5.125 5. 429
O, bridge —1.131 3. 349 1. 922 2.788 1.705 5. 965 4. 492
Oy, top —2.448 5.801 1.976 2.293 4. 334 3.635 2.041
Fe-Mn; —0.219 3.231 1. 89 2. 446 3.501 5. 677 5. 721
Fe-O,, bridge —2.426 3. 346 1.993 2.796 1.707 3.534 2. 051
Fe-Oy, top —2.406 5. 788 1. 969 2.29 4.328 3. 627 2.039
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Table 6 The charge of HgCl adsorbed to the surface of MnO,
(110) before and after Fe-doping

7 15 Mn O Hg Cl
Mn; 0.98 —0.55 0.2 —0.22
Oy, bridge 1. 06 —0. 64 0.77 —0.3
Oy, top 1. 06 —0.65 0.76 —0.31
Fe-Mn; 1. 14 —0.58 0.41 —0.32
Fe-O,, bridge 1.08 —0.56 0.93 —0. 47
Fe-Oy, top 1. 06 —0.56 0.8 —0.43
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Theoretical study on the adsorption mechanism of iron doping on the surface

of manganese dioxide catalysts

REN Fuzhong, FENG Wei, PAN Kaijin, WANG Tianhao

College of Material and Chemical Engineering , Tongren University, Tongren 554300,China

Abstract:In order to reduce the emission of mercury from coal-fired flue gas, the adsorption state of iron-

doped Hg, Cl and HgCl on the surface of MnQ, catalyst was studied based on density functional theory and

first-principles calculation. The results show that the adsorption of Hg on MnQO, surface before and after

Fe doping belongs to physical adsorption, while C and HgCl are both chemical adsorption, and the three

adsorbents are preferentially adsorbed on the O adsorption sites of the MnQO, catalyst.

Key words: flue gas;iron;first principles;manganese dioxide;adsorption





