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Study on mechanism of elemental mercury adsorption by chlorinated

rice husk char based on density functional theory
LI Xiaoquan, YANG Ru,DIAO Yongfa,LLU Yao
(College of Environmental Science and Engineering , Donghua University , Shanghai 201620, China )

Abstract; A four—carbon ring pyridine cluster model was established as the microstructure of rice husk
char surface.The B3LYP —D3 method of density functional theory ( DFT) , based on the 6-31g(d)/
lanl2dz mixed basis set level, was used to study microscopic mechanism of Hg’ adsorption by
chlorinated rice husk char.The transition state structure and reaction path are defined by the combina-
tion of frequency analysis method and intrinsic reaction coordinate method while the activation energy
required for the reaction,the adsorption energy and the Mayer bond orders were calculated.The calcula-
tion results show that embedding chlorine atoms on the surface of rice husk char can enhance physical
adsorption , and further oxidize Hg" to convert physical adsorption into chemical adsorption,which can
significantly improve mercury adsorption capacity. The increase of chlorine atoms promotes the
adsorption of mercury,which is consistent with the experimental results. The products of chemical ad-
sorption are HgCl and HgCl,.The activation energy required to form HgCl, is 287.22 kJ/mol, which is
greater than that required to form HgCl,which means that the product is dominated by HgCl.

Key words: Chlorinated rice husk char; FElemental mercury; Adsorption mechanism; Density

functional theory

Y5 HH5:2019-04-28
ELWH . B R €554 R34 (2018YFC0705305)
FE—IEHFF/N 00 (1992-), B, #F KA ML, L2HRH & A FERRSFHEHIEHR . E-mail : 1529923534@ qq.com



www.chinacaj.net

FReE¥ A TEEZ LIS R BBLRIA S LR R G R <13 -

B

0 35l

F BRARE R 3l 7 A T R N R SR V5 e fie R Bk
Wz —" HFELL 3 MBS A AR
(Hg) ABEALK (Hg™) IR &% (Hg") . H:
ALK (He) & BB AA AL X, Bk
PRl B B S b R AR A,
I 220 N SSHERR R H A4 Ak B 3
FE AT T P e e P 08 R A A I o W
RN M TG, R AR B ST M S
TR MR AL , OB UE S = R A & B T AT Y
BRI R —" HATE A 2Ry ik vl
T A O AR I ORI IR T B I LS
A LIRS SE N RUORL I VE RS 5T 45, JF 4 NH, Br
VWO OPE JE Y B R AR 4 = 1 60 % LA I
AR R R R vl T AW SR I8 SR 1140 B A1 v 255 e A
o et o sm i FEST AR T NH,Cl AT NH, Br
PR B SR A R W P S AR 5 AR I
WY S A AR el | e e 6 3R T A 50/ TR o o 2 1
T, ek i R e A A SR I B R AR R MR B R s, ELBE
A A0 TR e B T O SR AR R R R W o e £ 3o 1
wa B SRR SR T = AR K &R A
WO 38 A S B0 B SRt S R T R I R AR
RAL TR RIS . B TR G RAE T BeOME i &
RTINS A TN S SNE D b YA VA ODREE 7 L s | L
TR E P N 118 M ) R R T A 245 s i )
iR I, Ry i A M T iR 3R R R e AR K
JB R SO I 3o R, D ARAOUR J22 T F 9 s o 1 AL B 2
KEE,

IEARR Bk i 22 2 3 R i A2 TP i 2
BEZ R BS , TSOUR A B B 53 0Kk IR B RO AL, 5
IEBHAES BT I ST T 1 R R TR 1 ok
J I He® B4 AL S S HLEE, BF 5% 2 B | i 25 i 77
HRATE R 18 5, % He 1 bR 2] T B B
PRIEAE T, EL MR B 52 3 0 Br 1 28 I X Hg®
B AR E N A CI>Br>T, 645185 Padak %61

WEFES AR, X T SRS 72 #E X He® 41 B
A B AFAE R 7 £ v Y I E 22000 Hg W RS2 ey, H
T ) e 2 A DG 285 B 02 R BELE 5 T A L BRAE S
WA SCHE T4 B2 pR BRI He Ao Hr T R e AR ik
PEIIG X Hg® B9 M Bk Bz S8 A 175 B, TR] IRk Sy G A Bl
PERF T FE X TR B9 W T ILER T 58 42— Y 2
W,

1 HEMBMTERE

1.1 BT

T S X R TSR ) FTIR (8 Q4 B 41 AR 2R 6%
TS §5 B3 B, A5 RS 6 AR R R O H RS
F B R o 23 T8 I AR 1 05 75 BR AR
Yy, ke R B AR s XA
FCEERY XRD (X SFEATEY) BI3E 7 B A A, & i
SEEUAEMIRIE A, AR ERS, T2
BT, B HE I B 2 1 3 22 B 1 1 % AR I g 1Y)
JRER TSR, i 52 AR GE R I R i /N2
2% FEARFE A 105 T TR G a2 T8 ik 55 45 F4 R E
SR VAMERE )8 X AFFE , B UG T 9 A T ik
RESR A ZEHY S TE R AH L, R T AR TR AL AR
X, RN AIRR ) 7 /D HOZ AR R F
AC AL AT AR E IR 1 B AR i] R T A e
Model 0, A8 R A I A A 22 43 il i
fECh.c?.C’ .ty fiAb s i g 7Y R 2 )
K BAEM S, 5 SRR A B, X
TEOLANZR 1 s, RIIZA BIEF B3LYP-D3/6-
3lg(d) Jrik PRI ILIE R FE £ R R & &
R,

1 BREMWERETHE!(Model 0)

x1 BREMBEALEREXREMILR

Bond length/ (A)

Bond angle/ (°)

Item
c—C C—H C—N C—C—C C—C—H N—C—C C—N—C
model 1.413 1.067 1.382 120 120 120.30 119.38
Exp.[13:14] 1.42 1.07 1.39 120 120 120 120
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Model Mayer bond order Total energy/(a.u)
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