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Abstract:  Composites of nanoscale zerovalent iron supported on carbon nanotubes ( MWCNT-
nZVI) were prepared by liquid phase reduction method, and their structure was characterized by BET
and XRD. The removal efficiency of polychlorinated bhiphenyls (PCBs) by nZVI, MWCNT and MWCNT-
nZVI was compared, and the effect of different reaction conditions including MWCNT-nZVI dosage,
temperature, initial pH value and initial PCBs concentration on the removal of PCBs was investigated.
The results indicated that the removal rate of PCBs by MWCNT-nZV1 (71.98% ) was higher than that by
MWCNT (63.84% ) and nZVI (41.18% ) under the same reaction condition, and the removal process
was consistent with the pseudo-first-order reaction kinetic model. The MWCNT-nZVI composites showed
the best removal effect on PCBs, when the MWCNT-nZVI dosage was 1.6 g/L., the temperature was 25
°C, the initial pH value was 7 and the initial PCBs concentration was 1.4 mg/L.
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1.1 RFENEE

PR B AL SR (NaBH, |, 43 A4l |, B 1R 7.
B (FeSO, - TH,0) , ZRERRANKA (LEE >95% , H
%20 ~30 nm, KK 10 ~30 pm) , 10 pg/mL Iy
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2700B B X G4 A7 414X, GCMS - QP2010 Plus <,
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1.2 nZVI 5 MWCNT-nZVI S & #8951 &
1.2.1 nZVI (%1%

$4 2.50 g 1Y FeSO, - 7H,0 fIA 50 mL J& 4%

W (TR OB+ RKEFK =3 7)), F8 530 i fa n

nanoscale zerovalent iron ( nZVI) ;

polychlorinated biphenyls

A B 1) NaBH, # HhnA 0. 50 mol/L
(1) NaOH ¥4 5 pH {H, 4 250 mL ) NaBH, W
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TR/ N AE_E LA
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il A BT 6 FH A A ) PCBs R BE . (035 4 Ry
DB —5MS (30 m x0.25 mm x0.25 pum) , HLAK %
FAF SRR R 100 °C, SR EE B[R] 0.5 min, LA
30 °C/min 43 THIR & 280 C, {£ 8 10 min; <,
(RAUEZA) E, WA 1 mL/min; 4 5
280 °C 5 RN G RE AR O 1 L
Frik S 2 B R (EL70 eV) |, B 1 TR IR
ok 260 °C, F2 R 280 C
2 ZRL5f#®
2.1 FRE# R EEIE

2 1 34 nZVI MWCNT Fl MWCNT-nZVI [ H 3
AR FILIAR T . AT LU 3 Bk Rk i bb 2 1a R
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MWCNT 52 R REAEHE R HE i B

*& 1 nzVI, MWCNT #n MWCNT-nZVI i tb R E FR FnFLAEFR
Tab.1 Specific surface area and pore volume of nZVI,MWCNT
and MWCNT-nZVI

Iﬁ H ;gBET/i1 13/'0"11/,1 Dmm/nm
(m” - g™) | (em” - g™)
nZVI 15.89 0.12 29.69
MWCNT 90.17 0.61 27.23
MWCNT-nZVI 61.77 0.49 37.19
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Fig. 1 XRD pattern of nZVI, MWCNT and MWCNT-nZVI
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T A2 T X PCBs 1M A EAE T, 38 T PCBs
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Fig.2  Removal effect of PCBs by nZVI, MWCNT and
MWCNT-nZVI
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P, % PCBs 19 K BR2 3510 64. 84% [74.38% |
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S +2.0 gL

O
04}
02t
0 30 60 90 120 150 180

t/min

4 MWCNT-nZV| $ i E 3t PCBs 2 Bk 2 iy 22 i
Fig.4 Effect of MWCNT-nZVI dosage on PCBs removal
rate
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nZVT H B3I F) T 22 BRis O ) PCBs,
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PCBs KBRFHYF M, 25 R A& S Fros. wIAl, B
B2 B9 TH i, PCBs K BRAFAWIHE i, S 120 min

J5, HIREE M 15 CHEME 35 CHf, X PCBs (12365
I T 40.19% , Ul WRE & PCBs ZBRidfEH iy
WESE, [ 180 min J5 , FEIRE S 15 .20 .25 .30
F135 CHMT % PCBs [ KB43R 59.35% |
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Fig.5 Effect of temperature on PCBs removal rate
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35 C I, W R H £ k2354 0. 004 6.0.007 2,
0.0152.0.016 8 F10.020 3 min "', # &A%k R* 4>
5124 0.890 5.0.885 6.0.938 0.0.927 8 f10.963 6,
AL ULk A B A TR R B T R TG A, B R R,
MWCNT-nZVI 2:B% PCBs [ 3 80 p, 2 A TR A,
T e Uk B2 AT RS W PCBs 43 1932 30, T2
it 7 MWCNT-nZVI 5 PCBs 43 Z [A] () AH B AEH .
A WFFEUER , nZ VT B i S5 2 W pha A IR
TR EE T ER A BT PCBs 3 JE I 42052 0 A 7 o
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Fig. 6  Kinetics fitting curve of PCBs removal under different
temperatures
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RIS AR, 2 pH {628 3.5.7 8.5 A1 10 B, X}
PCBs [ 2558 43 34 70. 05% .85. 04% 93.99% .
49.90% F142.10% ., v LAF H, b pH {HA F T
PCBs {1425 b , & 1 Bl Bl 4B 25 X PCBs (%) 25 Bt 417
HYER

pH B AN EE WA A4 Rk 2R 18T ) A M I, I8 255 M)
ALY A TERAS . BRIESF T, HT 5 PCBs
FRETE L, Al PCBs JBRRBEMR. Ji4b, A K Bk
ez W B ik, FERR PRV W b R N 237 A R UL I
DA IV ) 2 B A 8 B 750 2 1T, AT 92 T
PCBs 55 10 {70 A A 205 i TR R, AN R 730 i 2 1 1
K WS, MWCNT-nZVI & i = 4 - B &
TEE AR, B R SR A A AT LR 3 BH B
YRR, DT BELAS 5 05 17 ) 2 A o i LB A B B &
ALK i 4 MWCNT-nZVT K 4 W B 2, 3
XF PCBs {22 BRA%R
2.3.4 )k PCBs ¥R Y520

76 MWCNT-nZVI it 1.6 o/L R K 25
C .pH {HH 7 M4 F, 7341 PCBs W) R FE X 2L Bk
R, 25 R ME 7 PR,

= (.7 mg/L.
10 o 1.4 mg/L
2.8 mg/L.
< 0.6
(S
04}
0.2
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Fig.7 Effect of initial concentrations on PCBs removal rates

M7 FTLLE H, AR PCBs W1 HR YR 25T,
SR 30 min B, % PCBs 1 BR324 1 BT i 1Y
225 M PCBs WA 7 0.7.1.4.2.1.2.8 mg/L
if, XF PCBs (19 £ &R 45~ 79. 66% . 57. 88% |
37.70% #123.55% . 120 min Ji7 , A [F) PCBs ] #f e
BESAT T RO kB ARRAS , H R BRFBEH PCBs
Pt e B S T AR . 52N 180 min J5 , 24 PCBs
iEHkEE-H0.7.1.4 2.1 F12. 8 mg/L B}, %f PCBs
B 25 B 3R 4 5 ok 98. 00% ., 93. 99% . 82. 69% il
76.32% ., 1T PCBs ¥J4R Mk )E /0.7 5 1.4 mg/L
FRFARH R A9 25 B3R 38 22 1 A8 K, SIE W] MWCNT-nZVT £ i

— R Bk PCBs 197 1. A4 PCBs 9] 4 ¥k i 4k
ZEHERH) 2. 1 mg/L B RBRACR KRB, A5 2
Wy B R Ik TR R R A 2 BRFR AL, I A E B PCBs
PRI 1.4 mg/L,

£ MWCNT-nZVI £ fin g —E B9 00T, W2 B 55
R AL 0 5 14 A7 o5 50 o 0 2 1 2 119, 24 PCBs ¥k J&
Hnest 25 BRTE AL SN SR R, BELASA [T 54
R iE— 2 & A=, ATl PCBs 1) 25 B B AIK
UEAh TR i B o, Bk 22 19 PCBs 4374 nZVI i8
J5, B e 2 ) Fe | AT B A R AL 9 T
R R B R, T2 B S A 5 TS A
/N T MWCNT-nZVI ()35 P R T AR . Fifig PCBs
BIE A BE A 0, MWCNT-nZ VI W2 56 550 1) 336 1 L %
T AR/, 5200 T 5 PCBs f R BRACH o
3 %

@© AR Bk i £ T MWCNT-nZ VI
ZAME, BET Al XRD i 25 3 0, MWCNT 1]
DL G nZVT 0RE G 43 80 , B A MRMI SR
FF MWCNT & B 7 FLAE#E o

@ HM#T nZVI fl MWCNT, MWCNT-nZVI &
AR PCBs 1 LB AR e o

@ 7E MWCNT-nZVI # ik 1.6 o/L R
25 °C .pH {E >} 7 .PCBs #I LA E N 1.4 mg/L 5%
T, R &R i Xt PCBs Ay 2 bR R 4 4, b Af %o
PCBs [ 2554 93.99% .,
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