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Abstract: The degradation of PCB77 in diatomite by microwave-induced catalytic oxidation was studied in a sealed vial, including four effects
such as microwave (MV) radiating time, addition of different nano-particle metal oxides, concentration and type of acids and dosage of MnO, .
The results indicated that PCB77 could be removed significantly by microwave-induced catalytic oxidation. Compared to control reactor ( without
MV radiation), the removal rate of PCB77 increased by twice after 1 min. In addition, the removal rate of PCB77 under MV radiation was
gradually increased with time of radiation and then reached equilibrium after 10 min. The removal rates are about 50% and 20% by addition
of H, SO, and ultrapure water respectively. No significant removal was observed by addition of NaOH and without aqueous media. Moreovers
catalytic degradation of PCB77 by microwave-induced nano-particle MnO, had best removal rate was up to 90% after 1 min, in contrast with
addition of nano-particle Fe, 035 CuO and Al,O;. The removal rate raised from 37.0% to 98.5% rapidly with the concentration of H, SO,
ranged from 1 mol/L to 8 mol/L, and H, SO, mainly played a role of acidification but not oxidation. The addition of 0.01, 0.03 and 0.05 g
MnO, showed the similar result.

Key words: nano-particle metal oxides; microwave-induced catalytic oxidation; polychlorinated biphenyls; removal

%2 FIIR(PCBs ) A HH 209 Fi [F) W 20 B (1) — 41
HRTTIRAE Y, RAVF 20 R 24T, )
2N ) Ok PRI Tl A6 AT PR BRI,
SRR A 1989 A, A [ IR 4 5 J DR 3 AR 5
1R A TE, A BR PCBs BV > 1.5% 10° t
2 78 % Wit F A IRE N T H BT, IR ECT JRE
K5 G TG B R K AR R e v5 G4 45 1) . Harrad
2L e [ PR B R PCBs BEATIFSY I, A7 Y £ 1 3%
HU) PCBs 5 PR ES Ak B R Y 93.19% . A A
LW, %2 Tolkyg B 3 PCBs 7T 115 10 mg/kglh
P pCBs A A iR (1 IR S 2R, LA VAR I B

T B BOSARAE L, 7 SE T AE A PR RN AR g
JRET v, B IR S8 ) 1) AR AR AL AR P T
S50 PCBs B A i T 3w W R I B 1, 0
3,3", 4, 4" - PUE AR (PCBT7)~ 35354, 4", 5- 11 5k
ZR(PCB126)# 3,3",4,4",5,5"- /N H KA (PCB169) 5
R SLEEPE 5 R TEF 23 %0°80.000 5+ 0.1

We#s B #:2008-09-23; 1247 A #: 2009-01-07
BEUE : ST IR ST M (9730351 H (2007CB936604): T
R Bt AR G T AR S5 VIS 5T H (1SSASIPO720)
PEE BN BOEFEC1985 ~ O, 55, WLLWFF A, E20F 5077 10 4 IR BE S
PRI FEEESEE, E-mail: gyhuang@issas. ac. cn
* THIER N, E-mail: yhdong@issas. ac. cn




8 TR KA < Tl 5 T < S A ) L BTG B R R 1Y) PCBT7 2403

0.01" . PCB77 J& A Ak 4 2 BEAR w1 1 17 Bl PCBs 2
—, e G E NN PCBs < — . HATH T1B &
PCBs 15 4% -3 (1 77 1 B W BUE 5 7 vk s
TR NG G 7 75 e B AR S 5 R R AR 4
BIEEITER S (BIX BT B R KA —
Al ot ) B 7 90 9 S Ak O T B s R RS
Y, FEW T ERAR HASR G 2%, D F SR OT R
R TETT G ARBAR G 7 1A+ B

T A A SN AT F 24 B N AN T B2 W
WMAT A IBt INT o] L) ) 5 o i 20 RS ok 38 10 B A
RO R A 40X L8 S 1M 5 302 I Y, 1 L i
FHS b BT 1 A R A 750 (0 3 A, gl ] o Bl ik 4
NS R A VAR E S 1K ¢ a7 A
T BE AT 55 B AT LY e AT T e, A
FH I R) LR LA b, BB MRS, o IRiG 4%, %4
A EEARAE 12 e, Abramoviteh 254 R F & 4]
(AT DEREAE A I N A5 4 {8 S = 40l PCB52 ¥ B
TS B, WECR IR Y 45 AF T (HCL %D
RIF I AR PCB52 125 B 3R B 5 K, LR I
BERY RO B 0, PR AR 25 min X BR R AT A
98.7% . Di 25M5 ) A 7 2B 2 VR At TG Y
PCB 52 M\ F 1 % % H ok, 76 28R L T R L
301 I, PCB 25 B R ik 989 LA I . Liu 2 7R 4%
T ORIk 5 1 ¥ Gl - 38 P 9 AR R AR PCB29,
T WD oy L LRI B RN ORI ik FE X PCB29
R B A AT e R S T 4 R A8 A, W1 MO, Fe, O,
FAL O, Z4E g 58 LI 4L 5, HLA TR Bkt
(FIfie 77, AR 2] H w7k ik, RSB AR G 4 s 1k
W) A5 e 13 PCBs BT ST IE B WL IE | K A
LI MO, Fe, 0, %55 WL 40K 42 8 S8 Ak )
AT, WD AR 15 5 AL AR PCBs 1113h 2%
S HCREma PR 2, Gl T AR B TS e 3% PCBs 1)
AT HERIBUE], LAY 18 575 G T3 rh PCBs 24—
FiET AR AR . T 92 bs L3R4 R 2%, B S
AR, kB G R A I B A S AR 9, ARSI
e PR Ak AL 512 s 9, E 5 A R P Y A
7 AL RN XS PCBT7 V5 4t B 18 = U

1 MR57%E

1.1 SRR
1.1.1 b

PCB77 [l & b4, 56 B Accustandard 2> 7] ; fif: #2
s BRI A A R OE She (i alD, 5L
TEDIA 2 ) ; ZA A B IR  £h 1R, 73 AT 2L, i 54k

AT A F] s Atk
1.1.2 k& Ay

AR, 2 RECCER0 171 A, SEM I RE Al SR
122170 ~ 80 nms AT (99% ), KifE 40 nm, F§ 5%
W Fii 2 KA BT BR A\ AR (> 99.9% ), Rift
20 nm- B> 99.9% ), KifE 20 nm, AL F
HAWRAF .

1.1.3  SERiE

MGO8S-2B i S 5 X, T BV R 48 1 F%
AWA ] 15 mL BRI WH-2 75k 2 Jié i
WA AL KQ-600DE Y £ 4% it 75 35 Uk #%5 Agilent
6890 N S AH {4 3% 3 s Milli-Q 8 2l /K & 455 ik & 30
KA R EOPL ERYR G2 BT RF .

1.2 SERT7VE
1.2.1 PCB77 75 4% 316 %

FREX 5.00 mg PCB77 [H /&K K T 10 mL £ (A %5
s BC AR 500 me/LIY) PCB77 TR ¥ . PR HX
100 g HRAOMESE -, B WA M 1 mL _FR R
(RS 900, 00 N T T B B T, T o A R L,
VR JG, OB AR P N AR A R B 25, 19 31
5.00 pg/g PCB77 My 4%+ 4% .

1.2.2  TlESR S B fE PCBT7

PRI 0.50 g V5 4% T4 1 15 mL A% 00 o S NV
rh, DURE L 398 5 K 208 20% 15 B, 43 3l in N
0.15 mL # 4l 7K 58 0.15 mL 8 mol/L. H,S0, % ¥ &%
0.15 mL 10 mol/L NaOH ¥ ¥ ( LG 7/K A& 22 A4 4 4 D
Je s SRR T BRA), JBUE TR SR B
AR, PR 800 W MU Ll 2, 1 i Huipk i S5 I [v]
T3 0, e e e 45 TR ol B EH A 201, EAT A
TRALERFN )T BEFRARE i Ab 38 75 U 3 IRl
WS Je N e B 1 TR

OB QM &R @A @i RN
OB K @K OMKE
El1 WMERNEETRE

Fig.1 Equipment of microwave reaction
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Table 1  Recovery rate of PCB77 under different treatments

Jib 3 75 5 PCB77/pg"g"" [/ 9%
0.5 g Diatomite 5.33 82.6+4.2
0.5 g Diatomite + 0.05 g MnO, 5.33 72.6+3.2
0.5 g Diatomite + 0.15 mL H,SO, 4.87 84.8+1.0
0.5 g Diatomite + 0.05 g MnO, + 0.15 mL H,SO, 5.12 89.6+4.4
0.5 g Diatomite + 0.05 g MnO, + 0.15 mL. NaOH 5.33 74.0+8.5
0.5 g Diatomite + 0.05 g MnO, +0.15 mL H,0 4.87 83.2+6.7
0.5 g Diatomite + 0.05 g MnO, + 0.15 mL HCI 4.87 86.6+5.1
0.5 g Diatomite + 0.05 g AL O; + 0.15 mL H,SO, 5.12 88.5+5.1
0.5 g Diatomite + 0.05 g Fe; O3 + 0.15 mL H,SO, 5.12 96.1+5.0
0.5 g Diatomite + 0.05 g CuO + 0.15 mL H,SO, 5.12 71.8+4.5
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Fig.2 Removal efficiency of PCB77 by microwave irradiation

in different aqueous media

M 2 0T DL H S AN TR A O] B0k 5 5 1
it PCB77 MR WK, ARG K, PCBT7 12 B4
i A5 I 8] (1) S K 1 ASWT BT, 10 min J§ PCB77 (1)
Bfp ok FE LA T P47 . 8 mol/L H,S0, ¥l A7 154
T PCB77 % B A R R AF, 10 min B B AT 2 B
50% » Fe k& H,0 AR T, EBRFA 20% it
7E 10 mol/L NaOH ¥ 58 o /KAF{E 41 PCB77 %
bR LT 0. H w0, S0 S 5 B i PCB77 A&
H, SO, WWWAFAEA A N R A

TR i SR I AR — AN BEAR SR A W B A B TR
BRI . 7K A MR BB AR e PR A I, BRI 55 7K B 49 i
W58 23 WRMAC AR . O AT IR I K 4 R 1 Y A
RAHEA OB BE B A2 T B0 PCBT7 PR AR 2
ARZEI ISR . FH o 2V RIE 9 S B, A T e o o R
T L PR AR v R H, S0, AT, T
WA S i T4l K AR A A NaOH ¥ 980/ 5, MifT H, SO,
T Bk R B s 3K AR 9T 4 JERABL T
BRI G G 3ER PCB77 1) 2B K AT 50% 5 1X
FW T LA B0 e AHE LAY IS 25 B PCB77. F e
L0V GO R S R B K B PeB29, LB K %
BREEN 70% , AR BESE 4 FEff PCB29 . I IL fl i B AR
I 5 1 B 1A R0 R DR« W B 750 A 711 55 o
&y I R BLYS QeI e
2.2 BRSSO [ A8 Ok G R A Ak A Ak B AR
PCB77 IR

H T BRI XS PCBT7 IR B AR R, AHIT ST A
3 JURR S B 3 b L 4K 48 e it e L
T 5 AL B AR PCBT7 IR, 45 Rl 3 o .

NG LD S =R e /K R A N 7 i

100 R R 3
—— MDOZ
80 —— EENLY
® *— Fe,0;
?ﬂ- —=— CuO _
3 60 —a— Al,0, *
8
S 40}
m
O
Q_‘ - hd
200 I /
0L * A 1 T
| | | | | |
0 2 4 6 8 10
% B [l /min

B3 WKESTRAREREGILWIENL PCB77 BIFERHR
Fig.3 Removal efficiency of PCB77 by microwave-induced

nano-particle metal oxides catalytic degradation
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Fig.4  Effect of concentrations and types of acids on degradation

of PCB77 by microwave-induced MnO, catalytic oxidation
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WA EALE (HAEA F) | R JEIIAER R, Tk
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B fife S0 (R 43 . MnO, S0 RE ) Bifi 44 R TR
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fRI4518 . Abramovitch 2503 o kI, R4 T
(HCl %5 ¥ % I B k3 %) PCB52 11 2 B % Al IA
98.7% .

2.4 ANF MnO, I INEXT PCB77 B AR 3200

MnO, J& T 3R G W BOR L, S — i R F0 Tk
WS BAS FRUAN SRR, FEAE AR FR P 258 B AN [R] 0 Aip 14
W fie ot b ¥ AN L R T A B AR MO, VRN
i, AWFUIE BN A MnO, S I 06 30815 3 i
RS PCB77 HISEM , 45 R UK 2 Pios .
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Table 2 Effect of dosage of MnO, on degradation of

PCB77 by microwave-induced catalytic oxidation

Ak PR BRI %
Diatomite + 0.05 g MnO, + H,S0,% 45.7+4.9
Diatomite + H,SO; + MW 10 min®’ 42.8+4.5
Diatomite + 0.01 g MnO, + H,SO, + MW I min 93.5+1.5
Diatomite + 0.03 g MnO, + H,SO; + MW 1 min 92.7+1.2
Diatomite + 0.05 g MnO, + H,SO; + MW 1 min 90.9+0.8
Diatomite + 0.01 g MnO, + H,SO, + MW 4 min 97.3+0.1
Diatomite + 0.03 g MnO, + H,S0, + MW 4 min 96.8+0.4
Diatomite + 0.05 g MnO, + H,SO; + MW 4 min 96.4+0.7
Diatomite + 0.01 g MnO, + H,SO; + MW 10 min 98.7+2.7
Diatomite + 0.03 g MnO, + H,SO, + MW 10 min 100.0+0.0
Diatomite + 0.05 g MnO, + H,SO, + MW 10 min 98.5+1.7

1) MW AR s 20 2k %o H, RIDSIE Aol 5 ST Ak 00 8 TS N A i i
Fiae 25°CHR 24 hs 3) AN, BRI MnO, 1A &R
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PCB77 5 % S B T 384 000, 25 ok 28 20t s A 42 1
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PEm T 1A% X SR BT S I TR T A4 R 1 min
JeAy e RO, Tk s S 1k MnO, £ Bk PCBs A
AT AT , 38 B AT SN AR s 48 B R AR E AR
=

3 g

COBR ST B PCB77 1Y 25 Bk 2 B ol o 5 5
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