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THE. FIA Ag.Pb Fl Cu fE ML £ 8 SHOR B Hl A 6] 1 WL 4 @ 44 2R 38 SR 5275 57K (hexachlorobenzene , HCB) , #8117
ANTRMiEA A JB AN AR XA JB Vs 2 DA RO [ B 5 B2 3 B 2% HCB M SRR 52 e, -8B L4 JB i fb 4% 4 T HCB
PR, G5 R oKD Xt HCB LT Toid JE I S8R, B i Ag \Pb Fl Cu %t HCB ¥ B R AR LB RE JT,
Ag/Fe Ph/Fe Fll Cu/Fe HYHAE H ) 43 31 7 0.29% .0.5% T 1% B, [ R 2 h J§ HCB (B 588 43 B ik 7] 93.5% . 88. 5% FlI
49. 6% ; [RIF , BT Ab 4 35 ST R 78 AN 43R T8 AT AT 1B 22 0 700 I v ek 30388 304 i 8 n i P A 28042 = HCB SR
WH 0.1 g Ph/Fe % HCB i N 38.3% , 111 0. 8 g Pb/Fe X HCB iR AT IAF 88. 6% ; 754k, B85 -3 BE 4 K %t HCB (/i
A —E R PAE 78 Na,SO, W15 0, 0.05 1 0.5 mol-L~" Y 3 AN 4 H, KW 2 h J§ HCB i 5 %43 51 ik 2
93.5% . 98. 0% F1198.9% .

KEI NEA; MR SR ; BER; Bl

FESES. X131 XA, A XEHS . 0250-3301(2013)01-0182-06

Dechlorination of HCB by Bimetals Based on Zero Valent Iron

ZENG Xian-wei, LIU Jian-guo, NIE Xiao-qin

(School of Environment, Tsinghua University, Beijing 100084, China)

Abstract: Based on the reducing capacity of zero valent iron, the study investigated the behavior of dechlorination of hexachlorobenzene
by bimetals synthetized using Fe with Ag, Pb or Cu as catalysts,respectively. The results showed that bimetals could dechlorinate HCB
faster than Fe(0) did, the optimal ratios of Ag/Fe, Ph/Fe and Cu/Fe were 0.2% , 0.5% and 1% . After reacting 2 hours, the
dechlorination rates of HCB by Ag/Fe, Pb/Fe and Cu/Fe were 93.5% , 88.5% and 49.6% respectively. The catalyst metal
distribution had a great effect on the reductive dechlorination capacity of the bimetal systems, due to more galvanic cells produced by
well-distributed catalyst metal and iron. Increasing the amount of bimetal was an effective way to promote HCB dechlorination rate,
88.6% HCB was degraded in 2 h by 0.8 g Pb/Fe while only 38.3% HCB was degraded by 0.1 g Pb/Fe. Besides, HCB
dechlorination could be enhanced a little with increasing ionic strength, the HCB dechlorination rates were 93.5% , 98.0% and
98.9% respectively with Na,SO, concentration at 0, 0.05 and 0.5 mol-L~".

Key words : hexachlorobenzene (HCB) ; iron; catalyst metal; bimetal; dechlorination
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FHANAR G 4 TR AE Ry 38 75, 43 %t A [ AR A L
Py AL BRI | ] 5 el DR 3R S LIRS A TR SE

WG L) HCB 2y HARTS e, 3 FIROR gk
#il#5 Ag/Fe Pb/Fe il Cu/Fe iX 3 R4 BIK &, 7F
50°C Z&AF T B4 HCB, SR T TEA [ Al 45 Jm F 2 |
ANTRIRUAS Ja VR 0 i L B A [) 5 5 B 3 8l IR 38 4
HCB JB &R0 1 52 e, 3 504 004 I fie b 2% 18 T
HCB f B S R, LU S & S A LA 8 R 2 s ]
I[N AR [ R o o N e b3 A R AW S R K 7 R
Yo - M0 b Ak B A TR AR R R S

1 #MBEFZE

L1 SEEHR

INEOR PRUESD ; IE O ke, kAl R, A
AAbEh, CBE, 300 K, MRE ., & KE
W EALEY . ClE . JOOKBRRR AN A A el ek
RA KB HIR, B IR, AR 635 12 (Agilent 6890N
GC) , K¥, FE4, HH U 7 BBt (FE-SEM,
USA, Quanta 200FEG).
1.2 SCEmifEfs

FHRF-FREL HCB 50 mg ¥A A 500 ml Z B,
BN AR DR 5 PRI AgNO, 3.77 g, PbCl,
3.1 g, CuCl,-2H,0 3. 8 g 43l A1 000 mL 2 &F
TR AR A X4 ) B ; PRI 72 ¢ Na, SO,
A 1000 mL 28 F K, /B 07 5+ 0k B
.
1.3 W&Efl&

Ag/Fe il £ B4 415 ¢ K3 H 0. 05 mol - L'k
BRI Ve, PR L B K Pk, 43 A 100, 40, 20,
8 Fll 4 mL AR 4R i £ W A1 100, 160, 180, 192 Fi
196 mL £ &K, # RS ECE 1 h, B LW
W, GBS WOE VeI IR, BT, 13 BN R L
i) Ag/Fe. Pb/Fe 45 B 4 415 g #¥HH 0.05
mol - L ™' SR MR V& Uk, FH & B 7K Wik, 4 Bilm A
200, 80, 40 118 mL PhCl, i # ¥ F10, 120, 160 £
192 mL K& FIK, FE RS EHCE 1 h, Bl 1
W, SR WOR VEPR IR, BRSO T, 15 BN A 1
Bl Pb/Fe. Cu/Fe il 5. ML 4 2 5 g 2 ¥y ] 0.05
mol - L ™' $R MR W Uk, FH K B F K ok, 43 Bilm A
40,20, 8. 4 12 mL CuCl, fifi & % 1 160, 180,
192 196 F1198 mL KB F7/K , FE%IISIEHE 1 h,
I FIE W, P S B WO Ve, AR T, 1%
FAE] RS Cu/Fe.

DA b SIS TR AU TR R kAR

A A I L4 T A AR R 1 R B 0 BT RO
TEH.
1.4 R[RDS4: & A Z 5 ) S 55

WA FEM T, BRI 0.5 g Ag/Fe,
Pb/Fe Fl Cu/Fe 43I 40 mL Th 25 3% 3850 b (47
FE/ B VUGR LM E A FIIR T 55 ) B8 10 mL 57
F7KA1 0.3 mL HCB f##5&, BRE i 2 4~ FAT
FE. SR G R T2 9 BRIBCH A 50°C K4k w4
JIE 2 h S B B B AR A4
1.5 W& JEiRRF R S5

MR 1.3 505, s kL A2 R 300 H 4k
il % Ph/Fe LA 0. 5% W& @ IR R, 1 T A
SHTFER 0.1, 0.2, 0.5 F10.8 g Ph/Fe 5
AMA 40 mL TAS B, FFIA 10 mL &1
7K1 0. 3 mL HCB A&, B Al 2 A FATHE.
FEA 50°C KIBPRZ % S0 2 h B B RS LA 404
FRAE 1.3 Jrik, 45k ki 424 100, 300, 600, 800
13 000 H M ZE ARl £ LR 0. 5% ) Pb/Fe X4
JRER  FER A TER T, 73 FRBOR R4
i) Pb/Fe 45 0.5 g, A 40 mL TiZs B3 4, 3Fhn
A 10 mL 25T /K F1 0. 3 mL HCB i &k , 51 Ff
S 2 ASSEATRE. A 50°C KBRS f S0 2 h B
HH B AR AT
1.6 B3R BE m SL G

PEFHRIAE N 300 H AN ERH 45 Ag/Fe LA
0.2% WM& RIR R, TE WA FE5 1, R
3430.5 g Ag/Fe A 40 mL 25 BEESI 1,3 AN
N B A 2B F 7K 10, 9 F10 mL, Him A
B FIR Y Na,SO, & 0, 1 F110 mL, FHIIA
0.3 mL HCB fifi 857 , B FE S A8 2 S FATHRE. A
50°C KRG AR 2 h BUH B BSR4
1.7 HCB EHHr

[AEAS FRAS I 10 mL 1F %2, EFE R 4R % 30
min, W2 AEBOEIT 0. 45 pm 38355308, FH
TOKGRIR A TH5)5 FH GC 28, HCB RBRRITHJr
PR

e HCB WIGRHKEE — HCB IR
HCB R = HCB WILh W JE

X HCB AR R A TRE 0 F- 2 1A
2 Z#BR5HE

2.1 A[RIERLG R R 5
TR Z R U I A T 5 AR AR T R4
JE R A A b s B AR KR HCB 3 i
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MR 1 B, Bl M6 HCB Y i S 8UR 14055
S 2 h JG HCB BB ERAL R 0. 35% . N/ 1
Cu, Pb 5{ Ag HRL4: & & R X HCB i J5 I A i
FWEHEAET, S Cu, Pb, AgiX 3 Fh & @ 7 fin & Hy
0. 1% MG R RTERV 2 h XF HCB A9 i 5 %5
iR E] 30.5% | 78.5% F193.5% . XF LRI 1+ HCB
P BEERLCER, i LU 3 FoBL4: 8 X HCB (14 i 585K
A2 3 A4 Jm X HCB Y B S RE 1k
Ag/Fe > Pb/Fe > Cu/Fe. £ X4 J& i J5t )i S 1) F 5%
%7 P L Ni R Cu 5401 Y X4 I 14
ANEN A L, =AM SRR ANEE, X3
4 Ja (9 AL BB 1 KK R Pd > Ni > Cu, {H 2 Kim
DS, PA . Ni B Cu 5 800 B 4 J8 1K 2 4
PCP [ B SRR AR I, A B B 2200, PRI, 45 Fh s
RPN EINE R A SR/ B S NI
A

TIN5 A TR TSI B B £ 5 i R4 e A
R JEBERE S B 1 (a), 1(b) MTAFHH, K
Ag/Fe <0.5% . Pb/Fe <0.2% I, 1 fin 5 11 43 Ja %
I BEA AL = HCB 403, P4k 2 H A i i B
JI SRR S T R, X B R TE N B IR R
Fe —BCAE R PHBR , 75 0 i1 1 42 )@ 1 4 T & ik
TR BB , I 46 BRI AR 1 AR X BEAR AR /)N | 5 i
PR T R ) T4 e S By 6, (HL IS N 42 g ik 31—
JE LU, Ak S i S I 4 e ST 4 7 1 A RUR
2T, B AR WL 4 IR 1) BE SRR 0. 7R A BIE 5T
Ag/Fe, Pb/Fe f AE U Jn Ltk 41 43 5 B 0.5% Fi
0.2% . {HME 1 (c) FTLIE i, HCB LS8 KE Cu/
Fe WM T8 — EAER R, WA IR R L,
AIHES Cu MIGPEFIXT 55 —E KA.

Stk — R B R A LA Ag/Fe A5, {49
FEHLEE (SEM ) WMLEEA W] LE I 1Y) Ag/Fe 3 THITHOWIE
S B2 ISR B Ag il 5 19304 & 494 i A 1R
(HRAE ] 3 ] 04k 2R T 1 AN RO B 25 0k 4 AR )
MR UE 4 & Ag B IN i 2352 W R R TP A
KIBNN Ag BPRANBRREOEHT , BN Ag (19483 18 AT
DI BIAKIN A TR, B G Ag WS4 fin, 3
THTORE S ML, Y Ag WS INiE o S i e RN 2R
AT Y B2 S A B 400, B 4 Ak 5 e i, A
PEBR P s 1 82 6, DT 410 i) 1 A 4 Ja ot e %) o
.

2.2 W4 )RR R R W

L0 & (a) Ag/Fe e BIRTHCB AR M0
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=
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HCBREA#R
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'S
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E1 fELEERME HCB &R RSN
Fig. 1 HCB dechlorination rate at bimetals with

different catalyst ratios
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0.5 F10. 8 g M 2 h J7 Ay HCB iR, HAH 5
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R H Ph/Fe it >0. 5 g B P4 2 X004 Jm U8 Jin i
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(b) Ag/Fe =0.2%

(c) Ag/Fe=1.0%

E2 TE Ag/Fe tbGINEBMAAK 5000 58 R AR
Fig. 2 SEM of Ag/Fe particles with different catalyst ratios with 5000 times

Fe

Fe
(jn Ag Fe
118 il ‘#h L | 1 L s
0 1 2 3 4 5 6 7 8 9
RBRt/keV

El3 0.2% Ag/Fe X S£k e B B HIE (EDS)
Fig. 3 EDS of Ag/Fe particle with catalyst ratio in 0. 2%

X HCB i 3 R AL E A IS5 , X T BE 2 th T I
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TR

(2) ANEAR BB A1 LT, (B /NRLAR 1Y
WE IR R. B 4 (b) R AR Z A R ] &
Ag/Fe X HCB B LU &, Herb 100, 300, 600 Fi
800 HHAY Ag/Fe &R X HCB ¥ Bl 1y 25 SR
113 000 H 2k 43 il £ 19 W 42 J&@ X+ HCB Bl & %3R5
2 ARYE IR K B, 7 R I SR S ok R
OB S B G 9 18 AR G 1 B B ks T
PRABAL, AR R 100, 300, 600, 800 13 000 [
By R AR L2 1:3: 6: 8: 30, XF)% A HCB AY
J SRR N 84.3% | 88.5% . 84.6% . 92.3% Kl
32.2%. T HCB MYk JF I 58 32 22 AE By R 1T R
A4 Ph B InE AR R, ARV AR Ph/Fe 216 Ph [
FUMHIE , 53X 100 ~ 800 H Ai42 (1) Pb/Fe %I HCB JBi
SURWAHIE. T3 000 H Ph/Fe %} HCB f4 i 58 %
AR T HAl KRIAZ 1Y Ph/Fe 16 R BLS: , W] BE 2 1
Tl 45 Pb/Fe B, 3 000 H ZF MM ERRLAZ RN, F 3L
Ph UTYE B G Y5 20 45 2000 B 25 FE 408y e 1T, 0SS T
3000 H Ph/Fe f& Z X%} HCB M58 6E 1. th & 5
[EERELRIOESUNZZ I NYE = v i L7 S TR 0]
11,300 H . 800 H F13 000 H R #2H) Ph/Fe 2% i 1Y
Ph UUHE MO #FR 5 ,300 H A Ph/Fe 21 1 LWL

(a) Pb/FefhmEXHCBB S & m

08 |-
w 06
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8 o4l
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Fig.4 HCB dechlorination rate in different surface areas

FBEEN P ULTE, 3 000 H 1Y Ph/Fe i 45 2% i 4
b4 @ BRI I L 53 & 8 EIR AR R A
PR 3 — 8 DG, QSR Ak 4 R ¥ 51 0 T A 2 AN
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IR S AEAS Y, A b 4w AE B el B b R A=
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B M

(c) 800 B KLZPb/Fe

El5 TEHZ Pb/Fe REMMAIER
Fig. 5 SEM of Pb/Fe particles with different particle sizes
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SR Il VR AL Y T KM B X ik
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T EE TR TRAR B T35 mT LUJR AN R 38 R
TEPEREE T 5 (AT L B 2 X R ol ™ A oAt 5%
M, A K AR P A B R AR | REERAR . BRI AR & AN
BR L SR N A R R R T, XS T 2 A
TR AT, BELAS T k-5 YR0AH 52 0 30 1 A5 k.
T PR BN AE KA AN 23 TR B RV 7= ) (Fe® " B Fe’ ™)
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