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Table 2 The adsorption energy, bond length and charge complement of Hg® at different sites on the surface of MnO, (100)

WA E./(kl e mol ) Ry x /A Qu./e
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O, —28.74 2.594~2.595 0. 360

3.1.2 Hg® 78 Ce-MnO, (110) T (1 W [t

Hg" Wt #£ Ce-MnO, (110) 22 ffij /N 7] W% Fif 137 15,
I B BE B EG L F AT B A T AR 3L R 3 W LLER
W Hg' WK 24 5 1 Ce {7 25 B, 0% B 6E by
0.12 kJ/mol, 2 B i b W Bt 3ok 2 Sy W A5 7 3
A TR HUCEE S He— Ce BEAYHE K Bk,
FEOTRE S Wi > Hg W B e At JL A W f
V7 25 15 o W BFF7E Ming 57 50 1 T8 8 14 R < 359 LU I B 7E

AL ST R I LR B RE A 55 /0N, 2R BH P B AN
T B Wi 24 R R F )5 82 1 R 5 B LR 0 o 76 A
[F) A A A5 R Bt AT LA . 2 Hg® WA Oy {7
RUE W B RE R R B R I, 3R B LR R A R
gitgtae . S Hg WHHE 4 MnO, (110) i |
) O A F 19 He—O B4R (2. 496 ~2. 497 A)
AH B P 3G A< L U B Hg W B 7E i 16 ) 3% 1 5
Baekmny He—O Hgig1k.



232 MoR o x5 MM 2021

®3 HY' BT Ce-MnO, (110) 5k T A 5] MR Mt 4o = & I B B LS KRR 7T

Table 3 The adsorption energy, bond length and charge of different adsorption sites of Hg” adsorbed on the surface of Ce-MnQO, (110)

WHRLY  E./(Jemol ) Ry /A Que/e
Ce fii 5 0.12 3.702 0. 090
Mn; {3 55, —13.70 2.993 0. 220
O 7 1% —27.04 2.530~2.531 0. 340
O, 17 15 —20.55 2.573 0. 360
(O by —21.46 2.356 0.310
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Table 4 The adsorption energy, bond length and charge of different adsorption sites of Cl adsorbed on the surface of MnO, (110)

%U?ﬁ&)ﬁ E /(k] + mol™ D) R @ X)/A Qule
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Table 5 The adsorption energy, bond length and charge of different adsorption sites of Cl adsorbed on the surface of Ce-MnO, (110)

WA E./(klemol 1) Rw/A Qu/e
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Olop AR —212. 86 1.669 0.26

3.3 HgCl &y W% Bt

HgCl 7E MnO, (110) [ ) W Fff
HgCl 2 # M Cl 5 Hg JB B9 b ] 7=

Y s X AR A AR R 2R T A W B AT A AT Y A

B LY 32 6 S HgClL g i MnO, (110)

AFEL S B RE S S5 th&k 6 nTLLE . A

L) Heg S W B 2 A C1 i Wz i 28 2 A 2 e i

3.3.1

HLL He d W B £E O, B2 5 BB RLRE

BT A A A W B AL SR TR Y ) B E
HeCl ## fig iy %edls. th 32 7 " LA . Cl—Mn Al
Cl—O H o #E B8 K F X L A9 He—Cl 8 ro B E . %
B CL W B 5 3 i Hg—CL B i i 28, AR 1
Ja iy Cl 5 HeCl [ Az B AL B = 4 HeCly 5
L H i 87 B 082 B £ AN (] 57 A B5F o W B I 1B i)
Heg—Mn ##F1 He—O # A #EfE /N T HeCl#



il

B15% 3 L8 &4 SRR R Ce B3 T4 R WL M B 7E MnO, (110 2 T W Bt BIL 1R £ BF 5 233

F14 B B 2 T I I B T R 17 RS ) R R 45 A (ELZ: 7
AREMIR He—Cl . XA F T a2k Cl 5 HeCl

HE— 4 S A SN A B AR R = 4 HgCl, .

% 6 HoCl B Mt #E MnO, (110) R 4L = B9 TR M 8E Fl 4549 S 80

Table 6 The adsorption energy and structural parameters of HgCl adsorbed on MnO, (110) surface at different sites(110)

WA A Eaw/(kJemol™) Ry, x/A R v /A HgCl #fg/ (k] » mol 1)
Cl-Mn; i —52.78 — 2.315 21.92
le()‘o,,{j —112.14 — 1.712 16. 14
Hg-Mn; i —85.99 2.635 — 186. 56
Hg-()to,,ﬁi —237.50 2.061 — 325.78

% 7 HoCl BEHIZE MnO, (110) R [ L = BT B 8 $2 e DL T2 IR B B HoCl $2 &g
Table 7 The bond energy of HgCl when adsorbed on different sites on the surface of MnO, (110) and the bond energy of HgCI

during adsorption

W Bt 45 A AR RE /(K] » mol ) HeCl g6/ (k] » mol D)
Cl-Mn; { 50. 26 21.92
ClOyp i 123. 47 16. 14
Hg-Mn; fi 89. 64 186. 56
Hg-O,, 17 237.5 325.78
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Table 8 The adsorption energy and structural parameters of HgCl at different sites on Ce-MnO, (110)with Cl end

H&W{ﬁ,’i E ;\d.\-/(k‘] *mol ") R =X /A R (Hg—CD /A
Cl-Ce fi f5 —60. 27 2. 996 2.568
Cl-Mn; i 5, —63.38 2.322 2.832
Cl-Oyopr 37 5 —107. 74 1.718 2.802
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Table 9 The adsorption energy and bond length of HgClI at different sites on the surface of Ce-MnO, (110) with the Hg end

WA E./(Jemol ) R x /A R e on /A
Hg Ce i 5 —16. 87 2.782 2.336
Hg-Mn; {7 i —78.58 2.722 2. 368
Hg-O,, 37 5, —231.29 2. 047 2.291
Hg-O,p1 97 A5, —210. 68 2. 083 2.283
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Table 10 The bond energy of HgCI when adsorbed on different sites on the surface of Ce-MnO, (110) and the bond energy of HgCI

during adsorption

W B 45 4 AL EE SR RE/ (k] » mol™") HgCl 4/ (k] + mol ')
Cl-Mn; fii 53.62 18. 25
Cl-O,, i 112. 64 16. 35
Hg-Mn; {if 76. 48 182. 36
Hg-Oy, {7 £ 231.29 328.09
Hg-O, i 232. 86 306. 21
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MnO, (110) by Ce doping in the process of flue gas mercury removal

REN Fuzhong,FENG Wei,BEI Yongfen, WANG Tianhao

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

Abstract; Based on the first principles of density functional theory (DFT), Materials Studio software was
used to calculate and simulate the adsorption state of Hg”, Cl and HgCl on the MnQO, (110) surface before
and after Ce-doping in the process of flue gas catalytic mercury removal. The results show that both Hg’
and Cl are preferentially adsorbed on the surface of oxygen-containing sites towards MnQ, (110) before and
after towards. The bond length formed after doping is larger, indicating that doping is beneficial to the
increase of the activity of the reaction system. When HgCl is adsorbed, both before and after the Ce-
doping, whether it is adsorbed at the Hg end or at the Cl end. It is chemical adsorption, and the Hg end is
adsorbed on the O site more stable. Moreover, when the Hg end adsorption occurs, the bond energy of
HgCl is greater than the newly formed bond energy, which is conducive to the further reaction of HgCl as
a whole with Cl to generate the final product HgCl,.

Key words: first principle;flue gas mercury removal;doping; adsorption;site





