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2.1 H,52,3,7,8-TCDF iRi S BV & Bz F0 FF 3R
hn R = Rz

ek 2,3,7,8-TCDF 43Tt A7 JLf fi Ak, 4%
Je X6 2 g 3k A 1) e 0 S I R R A TR,
2 7R~ 2,3,7,8-TCDF g S HUAR 5 1 A1 FF 3010 A,
RN AR, B3 ik 2,3,7,8-TCDF Jii Gz
JSf FITF BRSO Y S B B RE I, 26 1 9 1 2,3,7,8-
TCDF 7r7E H, Wity T i S # v & o i fig o
IR N i R AR L

1) BB Rt A, 2,3,7,8-TCDF i 1)
JFH C1(15) .C1(16) (C1(20) #1 C1(19),HI 2 3.
8.7 % C JiFiEZsm) Cl Ji+,2,3,7,8-TCDF 4 F
T CLIEFRBE H R3O, B i) LR+ 5 H
JFE AR HCL 437

2) ARG R, H, 73 FSEWiF C(13)—0(5)
SEIFA R, T ak e 5 H, 43 RO I
JF C(10)—C(11) 8, FeJm A SR GRS

I SRR S 7 A — R S8 I A5 3 7 o
AR R C—Cl B e C J5 /94 T, LAY, H,
C4Y5 CIRFIEM T AR fb2e8, A Cl R+
RERWE C IR FIRal, B K k1T, Cl 5
TZWE C BT IHIE RS Cl &+, H, 01

WARNAH ET, b — 1 HEFE5 CRETPIE
BT, 55— H B T2 50 sm ol BT
ZEATE N HCL 43 1 2 58 i — WK 58 2L 1 i 4
WAL 3 AT LAE Y A ST B ROV R EE R, H,
WG C—Cl A o P 55 2 % A o (R I sk
FE) Fan s o P A, i P Ak — 45 IO 2 AR A Y
ARG R, EIRGE R R, )
KBRS AR R A R R, S EA
R R R A A R R, PRI
H, i C—O0 81 C—C #k 2t R 1S B
BRI RE R, XA R R AR R AR A & R 2
1 P A YRS N A SR RN SR B B R A &
2, M3 AT LUE H, bl 25 M GBS 0y A R 1F
£, T A A B ) RE ST R 5 (2 72 T 38
SV HT, TS6 BYRE S 1 % 5 T TS5, X R WM H, Wy
¥ C—C HERMERE KT H, 09T C—O AR
I TG AR B SRR S 493 B30 A2 BT W L A o
/NBER, TEARWFIE A, X F 2,3,7,8-TCDF 4+ F K
I8 G B N AN TF B SN, HG AL RE R B O 45 |,
M EAE RS S TR EE R, N T 28Xt
WS N SR N 2 5, % 1 51T 2,3,7,8-
TCDF 43T H, B0ti T B Fn T FR i R i 3 AL e LA



. 142 -

ZeFRASIME

(TS 1)

H-H
cl C
" | + H-H
HCL + H cl 20
0 |

7.8-PCDF | qu)
I

I
c

3,7.8-PCDF

| I
0 m@mtpm o
FRE

| (TQ 6)

| mprmbmims
—_

(b) FFERILRL T

B2 2,3,7,8-TCDF 58S ATF IR SO 14 g A2 1
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Fig.3 Energy release diagrams of dechlorination substitution reaction and ring-opening

addition reaction of 2,3,7,8-TCDF
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ring-opening addition of 2,3,7,8-TCDF
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reaction of 2,37 ,8-TCDF with OH radical
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Table 2 Activation energy and reaction rate constant of dechlorination substitution reaction and ring-opening

addition reaction of 2,3,7,8-TCDF with OH radical
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Simulation investigation on low temperature degradation
reaction of 2,3 ,7 ,8-TCDF in fly ash
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(1. Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China;
2. The China ENFI Engineering Co. , Lid. , Beijing 100038, China;

3. School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China)
Abstract: The waste produced in the industrial production contains dioxins ( PCDD/Fs), which are persistent
organic pollutants and one of the most toxic substances. Both oxidizing and reducing substances can degrade
PCDD/Fs. Oxidant and reducing agents represented by - OH and H, can destroy the molecular structure of PCDD/
Fs through addition reaction and substitution reaction, thus achieving the degradation of PCDD/Fs. However, the
existing literature does not fully explain the degradation reaction mechanism. This study deals with the 2,3,7 8-

tetrachlorodibenzofuran (2,3,7,8-TCDF) in fly ash at low temperature. The quantum computational chemistry
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method was adopted to investigate the reaction process characteristics of 2,3,7,8-TCDF reaction with H, and OH
free radicals. The activation energy and the reaction rate in dechlorination substitution reaction and ring-opening
addition reaction are compared. The main findings are as follows. Both H, and OH free radicals can degrade 2,3,
7,8-TCDF through dechlorination and ring-opening addition reactions. In addition, the substitution reaction has
lower difficulty than that of addition reaction. In the degradation process, the C—Cl bond breaking is the easiest,
followed by C—O0 bond breaking, and C—C bond breaking is the most difficult. Compared with H,, the energy
required to reach the transition state between - OH and 2,3,7,8-TCDF is smaller and the degradation is less
difficult.

Key words: dioxin ( PCDD/Fs); 2,3,7,8-TCDF; low temperature degradation;reaction mechanism; quantum

computational chemistry; substitution reaction; addition reaction
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EXRgeiR R A m( P EHRBEEZBRE(2025))

7 131 B EHKREIE R KA b BB RS R A S (2025) ) . E KRR RAHL Al @ m T A4 T
CHEBBUARRE R RS (2025) ) IA GG L . 3R, I AR TR E T AU AR Dok & i e 3 T i ) Rt
YERTH g2 i, A 1R B Re IR T R IS0, 2 S i ) R Z afE is 11K, Rinssdrl & g5l S, ks
OB H ARSI , B SRR TR R 2 2 g P TR e R R R G (2025) ) IR E KRR IR R 1T R AT

(il ) FZAUFE =F A, — IR BRI R MR W 37 50 BERAHET =l kR ArifEik R 5%
D7 I, RS0 EZE 2024 A [E AN UG AR & G DL ; R WRk2E A & R fil i L] iR AR T e
VB &AL 7= b AR 3455 T THI B2 Hh 2025 478 AU RBA Tk & SR e B2 — & R 2021—2024 AR B fif
AE FHHOR  H AR B FRE TR R FHE I,

MEARRE U Dok, 3R EDRT AU e A R B i < MO 32\ AE " w120 dy B i pg e AR AL ke
R 2024 4E ), B @iz B UG BE 7376 J7 T FL/1. 68 AT T, 2E ML LA E 5 4Bk S e ML Eb 1)
40% , FRGERER R B EAESTIL” 0 TE AR TR 0 E B R BR L W s KRR R R, A
PR ) R R,

— IR AR RE R R BRI R FFEE 5, BREEH & (O T 3T AU it B8 1 X RN 8 B2 32 FH i) 38 0 )
Chn ey EEE B oL ) RGEAT )7 58 (2024—2027 4F) ) & T SCHF i ) Ul AL &8 AR QB R R HE & &
D) 55 Z BRSO, fd 4l i gbLa, 51 S Rk2E R R

TORBTRUERE N FHRCRIZ A W, 2024 AR A AL AE RE IR S SR 4 2023 AF KRR T, WiV TR
P HIELAE L4 (IX) RS8O0 F/INRTEGA ] 1000 h DL E U AR IR RETROT R I 98 B T B, g
FE AR, B R RE 70 0 k45 B TR " DAL, S TG ) B e ) R pHE ok T oG HE T &

SRR ARG S B RS AR, 2024 AR E R ERIE )R K AT 56 B AE AR I T H WS T AR AR
Bk, 2SI H O E N R T AR, BRI 0k ke R A A AR T B A il O B AR R A S
PN, SUCFEE, 12 ASFrAE AT H A E A S U BEVR U & (8) E R AR S MIKIT TR, A&
(B) EREARRERIE UL T N5

VR AR AER R IF Sl 4>, 2024 A7 20 I A~/ it BB Am M & A SCite , 22 T bR o 57 70, 7 55 AR 11
AW G2 T E BRI 5N SR AR, T E R RS RE bR MR R R BT — R T
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