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1.1 SZERF R

CB 157K:R A R 2 W) (BTEX) {55433, pH {E 4 7. 5,CB . TOC .C1~ \HCO, F1 CO3~ A B4 51 0
101.4,189.1,742.3 351.0 F1 113.2 mg- L' SC50 rf it B A 25 S A S BRER 40 ( 43 B 4li, Bl Tl |
SR (e, AR BRA R T EE (e, LI fbeE 28R R ) (CB (0 Hral, f
$r TG FIEmR (PLgkst, i i) . A KIEIR G &8 (SHA-2, F ME 4R HlE ) |
W T4 FEeR (CJ-78-1, LR BRI a5tk ) LA S pH 71 ( PHS-38W ,BANTE).
1.2 SR
1.2.1 ffFisife

V5 KAESAT SIS HTSEH 45 nm (AL UEREIEA T U8, W0 46 pH (B E R 7. 5. 76 KNI W I AAS ]
FIHE A NaOH iAW1 4G pH (H-M 11.61 11.28 9.52 F19. 41, i Wi R S AL 25 7 #hn& y CB ¥R
Y 100 A5 AR R 60 €1V SZEAE 20 mL MR 1A SR P gt AT S N I R . SRR B
A FRER NI A SN, BRI CB Y5 K. 47 SR 5 15 58, FE i B ER B ¢ SV i, T —
UM K RN A3 A 2 mL RO A KIS L 60 C I a3t 5 S h
Je U IEAE PR TR RGHE S H) ARAE T 4 COKBE R HPLC 4347, #6473 41475256
1.2.2 iR ER 5 hn i

TR AR N S G I BRR BN CB (W B 2 L) B4R - 14 30,40 .50 ,100 ,200, Jill #4i J5E K
60 °C, ¥ WPI4G pH {H>4 10. 28.
1.2.3 SRR ER /B S5

R 20 mL AR IR 1 40 300, TR 60 °C iAW AR pH {0 10. 28. S REHH b LL 45 Hh R f %
2251, B RN B B2 4 he 25500 il CB T A 19 100 %, 258k B n=2 3 4 5. Lk
4 h YRR,
1.3 Wik

CB & B (1) 3 AR e OB €335 43 B, WA (335 50 5 Oy 2 1223 W) SPD-MI0AVP, B354 Eclipse
PAH 4.6 mm x250 mm,1.8 wm. SRR G35 AT 0 R . (1) Jal A B/ 7K =7:3;(2) Jik
1.5 mL-min " (3) #FEEIRFR .20 wL; (4) K . 200 nm; (5) HEiE .25 °C. 7E CB frifE 26 7w,
2591 L 1Y CB N AFIZEA — 2 5t FHEEAY 100 mL 255, F e 2%, B il 1000 mg- L™ (Y CB-HH
BV V. FRECH 10 mL AR 55—~ 100 mL 925 0 e 45, BL il L 100 mg- L' (% CB-H B VAR R
BE. BRI 43 B 0.1.0.5.1.2.3.5.7 mL JITAF] 10 mL /MR, 1005 F B E 45 % 10 mlL, it
AL 1.5.10.,20,30,50 70 mg- L~ "bRUEAE WA . B EE L 3 A FAT. Ze4d HPLC 43 501 X A [R] v B2 1)
PRV IR AT (1% o0 BT, K 45 1 110 06 T AR5 6] o7 () R B8 A 81, 75 31) CB A h 2.

T PR AR 5 Wk B2 R FH AR 38 TR P /K PR MEAS 38 75125 ( GB/'T 5750. 5—2006 ) ) #4702 .

2 R 5418

2.1 B B R

pH JE M BRI AR TS ALY — R 2 BB s IE L% CB SR RNk R 1 fE#
YA AT ATE R A SOSE T T NaOH ( BRBSEAGE 16 ) fA5 1A 28 8 S 0 45 SR — Bt ] N 430 P AT &
(IR ERG HERHE) Hh pH. PR {E.

N T AT SIS AN R B A5 PE X R AR R CB R AT O B8 R I, 7 S L I R AN [+
Fit Y NaOH , (A0 46 pH B0 11.61 (11.28 (9. 52 F19. 41 FF-#E4 75— b FBs S AL T4 7 5250
1T RR AR EEBRE AL, BT A SRR EE R CB AR AR F i b S PR AL B 5, W1t pH
{64 10. 28 i, S AL BRARER S 5 b J5 B RIAE] T 99.99% , M HLBRHE AL, Blisi 1k 5 h i
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fifRANH 53.75% ,iX AT RBE BT &4 280 @ i 330157 (HCO, ,CO3™ F €L ) P00 5 i)
HIFIEAE T - OH. MR¥E—F N (3K (1) ), THAAR B EATE AL (4 SN H E0h 0. 069 min ™', 5 FHd &
1LAY 0. 008 min .
In Q = —kt
C()
o €O RONAR ZAEMTE] ¢ A CB YR EE (mg- L") 5 k Jg KRR 5 (min ") ; C, 2 CB W HA R
(mg-L7").

BRI S A LA [ R ER BN 1 PR LR S LRI A pH (4 10. 28 B,
FLR A A% 5 TAE T pH B (pH =7.5) AYFATEfL s R Rt #8000 3 4 2 46 26 Bl S AL /E TR, AT LA
K= -S0, M -OH, oA EZ RS -OHR A ALYEE T S0, , A WA 16 Ak 5 =X A 3 [ FH i A5
W E AR TR Ay 2

R BRI ZRAF TN S h 5 R AR SN 8l ) 2745 51

Table 1 Kinetics of CB degradation using persulfate under various conditions

R pH B/ C SN H $/ min !
1 11.61 60 0.072
2 11.61 20 0.010
3 10.28 60 0.069
4 10.28 20 0.008
5 9.52 60 0.065
6 9.52 20 0.006
7 9.41 60 0.061
8 9.41 20 0.002
9 7.5 60 0.056
10 7.5 20 0

10
—=— BEFHIELL (1=60 °C, ¥I 4k pH=10.28)
—e— IEAL (1=60 C, ¥4k pH=7.5)

0.3 s BRIEAE (1225 °C, WA pH=10.28)

CIC,

1 1 1
0 50 100 150 200 250 300
t/min

B1 SR

Fig.1 Comparison of thermal and alkaline activation

BT NaOH % AN [A], 3 pH B8 Fb R AH ). S50 BB i) NaOH ¥ B2 43 5100 1136, 1207 ,
1278 1491 mg-L~". {HALIREE N 60 °C , IAAEHE g 5 h. & 2 BoR  FEWHEMT 1278 mg- L5, S HRIE N
pH R RN, 10 d IS4 HRBERY pH (E53 %8 7.40 7.57 7.93 F1 10. 46. &% NaOH 1136 mg-L "'
AN £ LIS, oAk BE 19 NaOH #0445 5 b s W AT (T 7K 25 G HEROhR HE) T pH B9 BR{H (6—
9), HEH BRI O 2V 92, ARS8 T B8 IR 1 T REAS K, 35 21 T sl /b o it 2 46 R Tb X PR 5% 1
SO, PR R T i R ER A I A R W 4R pH 10. 28.

TESEBRZ L iz HI v CB (875 Yk B KK AR G (B 2 A A R] , 75 24047 52 PRz iy pH T 4% A 52
B B0 A B A NaOH B A BEHEAHE & J5 /K i pH 353 FUAA.
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IR WZU*“"%EL Wi “EPEE%HI%%Z~ 200 H R R R A
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1752 b7 A& 2 i 245 70 1 FH i

5 CB 584 K Y K = n

C H,Cl +14S,027 +12H,0—6C0, +29H"* +Cl~ +28S0%" (2)

M (2) ATLAE Y SR 5h S IR i o CB W 3 B it 1 14 A, DRI Ik 24 700 450 it S (IR B 14

CB Wi 1Y) 14 5. B 3 vT LA WY Bl 3 G BR300 2 AR 1 0, CB B A 5 o e it A1 2 2 4 ] fsf

() A, v e B 1 3 B R A T A ™ A B8 2 (R B RRAR. 1 P 3k, AT A CB 40 F S5 B AR [ rh 56 A9 32 il %

AN, e T RN B HEAT. AR AR AE TR (pH = 10.28) [ 4 h JE it BRER SN/ CB(W Y2 L) =

14 30 40 50 100 200 (1) EBRFA5H 55.32% 68.85% 82.15% 98.46% 99.82% 99.99% (4 h). >4

Yy )R 2 FE IR F] 100 B FRAR SRR RN T 99. 82% , URSEAN N 24 70 % [t R AR TH AU RO AN K, HL 255 4
TR SR T T 5 R S SRR AN A B e LU (B R 100, )5 S23R50 R FH (A

12 - 1.0
L ——14 4% —a—50 1%
bk —=-30 1% —e—100 %
0.81 40 fE —=—200 f%
—=—1136 mg-L! i
10 ——1207 mg-L™! 0.6
E —4—1278 mg-L! =
oL —v—1491 mg-L™! S o4l
8 02+
7 1 | 1 1 ] 0
0 2 4 6 8 10 0 .
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2 RJA] NaOH SN 7 i B R £ A B3 mmREh fRY B B M SRR R
WAL R TP pH AL BIRZIE (000G pH 10. 28 5 IR 60 °C)
Fig.2 pH change during thermal and alkaline activation Fig.3 Effect of persulfate/CB molar ratio on the
of persulfate with various NaOH concentration degradation efficiency of CB

CB MM EZ AL 5 i IR Eh B &/ & — F v 5 #E (1) , AR P8 5256 25 R 0 & 15 2 A [8] 5 7 B
Eh/ CBUC BT i OV 3R H 50 b AR L3R 2.

T2 AFEFRRE R RME T RN 4 h J5EIR G oh 112445

Table 2 Kinetics constants of CB degradation at different persulfate/CB molar ratios after 4 h reaction

KRR AR k/min ™! R?
14 0.009 0.952
30 0.011 0.956
40 0.021 0.981
50 0.047 0.947
100 0.069 0.963
200 0.078 0.968

N 2 HRAT T B A R B A A BB R I e SN TG O I ELAE S BT BE B4R i e
W PRAERSE R T a3 | DRI 24 00 BSIIAEAR R Bl A AT D RS X I gt i 38 ) A R T
VE i B RRER AL I AR A P BT, BB AR A p 42 52 75 Y ) i 4854 110 vl 7 A4 R R AR 2 7 (X
(3)) , MFEBER 15 G S8 AL BB AR 28 7~k B2 Y T AN ] sk A, B N A2 1 /D B R AR VR B2 T
ORI R I5 Yy HEAT T AR ABFST, A Cassidy %5 R K o o W B 8 #6358 I 1 (SRB) A7, 16
JEU A R R A A BRI AR 25 715 B AL &, KORRRAR 1 BB AR B 1 1 k75 e KUK
- S0, +e” —S0;" (3)
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Liang %5 3538 T R RN —— B S 2 A5 00, & B2 A8 s IR 48R 7, &1
B2 E05 YL A it SR L UE I T A TR I A T A5 AR SR FH 24500 22 YR B #45 2X0 B A Ak i
TR R R AR IR TGt « S TR B 22 O 60 °C, W TR I 4R pH (B 10. 28 5 S BE W i 3tb LU 4 H R A o
22 3], B N BB RIS 4 b 25500 B CB W BT 5 1Y 100 A%, 25 R38Rk B n =2 .3 4 .5, L
BRI 4 h I CB BEARR. o R R 7025 VS 0 S 56 R FH AR 2 A BB T A5 9, (A7 23 U s in ik
RN TE Z T IFIZE. R T W SC I /9 v] Sk, 78 B0 IR I B AR h A0S 0, ik CB 157K = 60 C,
VRIS pH (B8 10. 28, SN E] A 4 h. SEEGZS SR, CB W MW R BE Y 101. 4 mg- L™ FREE
97.2 mg L™ FEMR N 4. 2% F54 Luo Z " FFHUAE pH 3—11 [X 8] NG BRBREL TR I L R CB [
TRARAE 5% JEFIN.

AR T R S 45 R AN E 4 FiR. W 4 Fal DUE T BB (n = 1) B 25500 Bom ik
oyl 2 3 I, CB HREAR R $E T, OB R ik B 245 700 T ke G - SO, MR Bk g, il /i 3t S
I P 32 22 ) AR 2 oy M R AR, 2 1 1 245390 A 80 T 3R 5 i 4 B R B ek 3 KU, B A R R I
TR IR TR RIS R A BE A AL, - SO, A i A BIBR T , Ak S N Bh 1 32 BRI, CB [ Y
PN E SN S I R Ry pH R R, TRIEE CO2 ™ a8 HCO. 25 1 Hy 90 1 300 fr vie B T 5 | %of o
fiff 35 B T 5.

25500 A IR AN 2L H AR = 250 R, FE SE PR TR ERAE Hh 115 Y Wk BE 10 22 3], 1o e A
SIS P A IR AN I 24590 A A IR BN T Y Wy e A ) 4 A B, ELBE N T R A X B A SR R
Rt T 2 it % .

2.4 FPEIAYHT

FI A6 T R AR A 42 L B SR WLEER AT 52 18 (BT 2535 U Luo 2510 38 CB FEAf Y
R P2 R HCL, ] =) 2 AR E 1 CB K&,
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B4 S BRERER 43Uk BN SR R fige 5 1) 52 5 SRR
Fig.4 Effect of methods for persulfate addition Fig.5 Decomposition pathway of CB

on CB degradation rate
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NaOH, i 154035 pH £FG (15K EE G HEBRIE) , 18/0 Tt IR SR A8 A0 5 1 IR Ak [ REDGT 7K PR 458 1 5 e

(2)4 CB WRFE—2E ,pH {H4 10. 28 B, ZEFE AL AE T CB. R A i 23 B 4 o0 Bk R 150 i ) 38
J b (HE YN A B 100 £5 T CB BEIRWKBE Z 5, HAR A RCR & 17 22, PRt R 32k 9 e 1
B~ CB 1Y 100 1.

(3) MXF F BRI (n = 1) K2R EL 18, 2 3 IR, CB A B R g A $2 7. X2 R R 40k
BN AT LARE G - SO, MR BE Rk v, A Fr 2 1A P 3 2 A 90K S g E R B ARR , 4t v 17 24557 A A R0OR)
FHE S EOMIREGE L 3 K5, BRI AT B, 1O T RN T2 R W BER R, -S0, = A dt
2 F BRI
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Remediation of chlorobenzene-contaminated waste water using a
combination of thermal-and alkaline-activated persulfate

ZHU Jie LUO Qishi* GUO Lin LIU Xiaoning LIU Jinyu LI Bingzhi MENG Liang
(Shanghai Academy of Environmental Sciences, Shanghai, 200233, China)

ABSTRACT

In this paper the remediation of chlorobenzene-contaminated water using thermally- activated persulfate at
high pH was investigated in order to avoid the generation of acidic solutions associated with activated
persulfate. In contrast to alkaline activation alone, thermally-activated persulfate at high pH degraded CB
relatively fast. CB degradation rate achieved 99.99% after 5 h reaction. According to first-order kinetics, the
rate constants for alkaline-activated alone and thermal treatment at initial pH of 10.28 were 0. 008 min ' and
0.072 min ", respectively. More importantly, the addition of NaOH prior to the treatment maintained an
appropriate pH system after the activation, which reduced the impact of remediation process on the water
environment. In the persulfate dosage experiments, CB degradation rates increased with persulfate dosage and
the optimum molar ratio of PS/CB at initial pH of 10.28 was 100. The experiments show stepwise addition of
persulfate increased the effectiveness of the oxidant, and CB degradation rate was the highest with 3 step
addition. Therefore, it is anticipated that PS oxidation of CB in waste water at real contaminated sites can be
achieved using thermal- activated persulfate at high pH with optimum PS/CB molar ratios.

Keywords : monochlorobenzene, persulfate, waste water.



