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Co0O, confined in SBA-15 as the highly effective catalyst to activate
peroxymonosulfate for chlorobenzene degradation

ZHOU Junyan FU Heyun ZHENG Shourong ™
(State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University, Nanjing,
210046, China)

Abstract Supported Co catalysts on SBA-15 were prepared using a solid-state reaction between
Co(NOs), and organic template-occluded SBA-15. The catalysts were characterized by X-ray
diffraction (XRD), N, adsorption-desorption, H, temperature-programmed reduction and
Transmission Electron Microscope (TEM). Catalytic activities of the catalysts were investigated by
activating PMS for chlorobenzene degradation. The results showed that CoO,@SBA-15 had a higher
activity than other catalysts. The degradation of chlorobenzene on catalyst followed the Langmuir-
Hinshelwood model, reflecting that the activation of adsorbed PMS was the rate controlling step.
EPR results showed that the main active species involved in the catalytic system CoO,@SBA-
15/PMS/CB were SO, ~ and 'O,.

Keywords PMS activation, chlorobenzene degradation, CoO,@SBA-15, confinement atalysts.
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JHF I ) 45 1.

H i B 2 1R 207 5% 4 G 7R I G0 A0 J0 3 A b B m) 5T, 4% 40 0 SR A B 1k 2 B A0 5 I B L A=
VIR L A2 A VA R 2 B k5 e ORGPk 25 5540 0. LTl iRk b &
Yy (PMS) 1 fr G A AL AR PRUH 3 SR AR AE R A A A DTS e it B b R B T OE S5k Re. 17 2
T4 B E M, &84k (CoO, Co0,. Co,05. CoO(OH) ., Cos0,) HATEIL PMS K R UFAE 11, (H 4 A
et e R AR ARG, DL, S 800 M7 A B, 5 2400 il LA Ah 0% M. A F 9 3% I 3 o K 4 41k
Y153 8P Z2 FLRE RHR FLAE Hh, 1] LIRS 16 14 4 T8 BRIk R ALt A v, DT o6 35 2 4 i S B0 s 38 0, 3
ot 7 T DR A 2 25 s R R P A T 1) SBA-15 LA #5 m L 2 TR . B M 45 4 LA R 1 AL
1, S —Fh R A A AL R B AR, 1 48 SR SRR N 22 8] ) s AR ELAE A, G A S ot &R h S R
FBRAENL ) SBA-15 Fo/MIRA 25, Leid K be ol LAAS 2 i 4 J8 /0 B B Ak 5. UL, FEABF 9T, R
JH A BIF IS A5 WA AR 3R] CoO,@SBA-15, F15%F Hijifi b PMS [ i SR A9 M RE HEA T I, IR — 4R 5%
J52 7 H ) 5 A R 2R T 52 I 19 1 4 s i AT ) B sz IO AR 2R ) BT M

1 MRLE )7 (Materials and methods)

1.1 RS2 5

17 : P123(Sigma-Aldrich, 99%) , 1EfE R VD £ s (E 245, AR), 7S /K G HERES (BTHL T, 99%), &K
(FTEHK, AR), BB ER £ 1k &9 ( Sigma-Aldrich, 99.9%), 2,2,6,6-P0 F KLU BE ( Sigma-Aldrich, AR), 5,5-
T B 1-nE I R -N-SE T (R R, AR), B (TEDIA, HPLC), #h R ([E 24, AR), S5 v iif FH K ¥4
ELEFK.
1.2 AT R 28 5 R AE

L SBA-15 Sy 2544 1] FH [ A BIF 15 o 11 45 PR B 28 CoO,@SBA-151: 4% SCHRIR 18 77 122, DL IERERR MY 2
fif (TEOS) Mk, — i B IR AL AW P123 WA & A FLA L RE SBA-15U; FE = A5 1F T — 2
1 Co(NO3), 6H,0 5 1 g R EBRBEH A SBA-15 7EHFE rhIR & A% 1 h 153] CoO,@SBA-15; ¥
ISR AW E TSy d, DL 2 °Comin™' B FHER R THE 2 500 °C, HR5F S h, Kb Ir s = Prbric
1 CoO(X) @SBA-15, Hid X J&:4k A% fu (LA 4350 T).

K P G037 3 B il £ CoO/SBA-15 il CoO,/SiO, L. B e SBA-15 & T D I bk ke, LU
1 °C-min™" {4 FH IR #OR FHE £ 550 °C, IR 5F 6 h, H AR 6L IFFBR SBA-15 H A AR 571 5 47 W4 15 ()
SiO, B T H ke, DL 2 °C-min™ (Y FHEHE SR 2] 300 °C, JH0- % 4 h, H Y2 LB H P Al GEfF
FEM A 05 B JEHS — 1 Co(NOy) , R 5 1 g BARAE = WA FIRAHHE 2 h LLE, Jf4E 90 °C /K
BHZET, 78 100 °C MEAR T 7%, TR 5 TS A BHRIE A CoO,(X) /Y, it X & 1 2k i (LA & 43
Bit), v Rk

AL B BB 0 M1 (TEM) 78 H 7R JEOL 28 ], JEM-200CX #1355 5 o 1 I sl B L ARG X S 4R A7
S5 (XRD) : 5% H 7% Rigaku 2> 7] D/max-rA % X $FE AT 5L, Cu #2 (Kal, 4=0.154056 nm, F=/ 4 £
& 6(°) min™), #AE A 40 kV. 30 mA, FHHEEEl: 10°—80°; ik 7 Co 7 2R H I F WO 1%
(AAS, [ Thermo 28 7l ) I &2 ; f Ak 5 b e I AL L FLAR FL 25 2R FH BE 2% 1 BRI 52 {3 ( ASAP 2020, 32 5
Micromeritics 23 7] ) 4387 ; #4728 AS [R) L RE 1) 38 JEUIR 285 R 2 282 B 42 7 1Y Finesorb-3010 2 ¥ Tt
T A 2 W PSR A T D
1.3 SRR SL

SRR AR S2 30 7E 250 mL = BRI AT, I8 RFFTE (2520.5) °C, BARERAE 0 F : A4
FH 2% B 7K 0 B 28 5 07 P 0 VA B8, — 0B IR P v VR R B R 200 mL, Bl s B — o o A A A7) (5—
40 mg) ZF BUAE W, B 1 h LIR30 W BT A7 1 O TE A A0 550 58 43 43 8. A — 2 5 () PMS i & T
BN, TE SN FE R T B [ 2 B (1, 305, 10, 20, 30, 50, 70, 90, 120 min) B4 52 W i W, Jf-38 &
0.22 um PTFE i3 € %% (Anpel) #E 4733 3E. Brad 85 10 1 mL S B VS WU R 202554 0.5 mL H B2 2 mL A%
G/ DA BR % B ) A L
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fii FHBC £ A C-18 (At 4 (ZORBAX Eclipse XDB-C18) f4 25 24 i AH (2,3 1Y (HPLC, 1220 Infinity I1)
R 8 I P 8 SR AR R TS A AL Ak R TR (30770, V/V), i R 0.8 mL-min™'. 58 MG I
K2 223 nm, #E 30 C.
1.4 VTG VEI RN S

AL 0 35 4k PMS 7= 4 i F R 3 R 78 [ Bruker BioSpin A BR 23 &) Az 7= ) I # 3E B% D% 3 1
(Electron Paramagnetic Resonance Spectrometer, EMX PLUS(PPMS) ) K&l ELAAK 5k anF « FRIGE Sk
IR LB K, eIk 30 s B PR AEAL TR 58 70 20 150, L — 2 B PMIS ¥ TR B A6 57 1 ¥ T
H, L FESMIR A5 7E 2.5 mL 43k B0 I 1 mL AR A VAR 100 uL 1 mol-L™' Y A i L4
AT (5,5- FF FL kg k{47 (DMPO) 5%, 2,2,6,6-PU F JE-4-WR BE (TEMP) ) it &, I R S 40 500 7
ffAE pH = 7.4 YRR 22wl b, WS BENR S 30 s; AR G 5 VA MFE 7 2 EPR FF i1, 9547 EPR 2047
EPR #:1ES 5 *P0 ¥k 348.0 mT, F1H4 %6 B 20 mT, S 453 A 9.77 GHz, JAHIA % 100 GHz, fiE
17 20 mW.

2 75395718 (Results and discussion)

2.1 ALK AR

Kl 1(a) AR L BRI J5 19 SBA-15., [EI AT BS 1 & B AL ) CoO,@SBA-15 LA K= 15t v G I
()L 7 CoO/SBA-15 [ /Nffi XRD &3, /N1 XRD B o7 LU 50 M b R FLES A8 104G 77 5. A
K 1(a) Al LA Y, EEREHUS BY SBA-15 78 20 4 0.75°8 205 A 3 AN i B4R ERT 5504, 43 )67
T 0.88°, 1.52°F1 1.76°, X} i FF SBA-15 [ (100) . (110) F1(200) i5 5 17, 1% 45 5 & B 5 Wi Y SBA-
15 HA & 0 465 07 A FLES H A pomm X FRED. LA, 4L 7] CoO,@SBA-15 1 CoO,/SBA-15 (1)
KRGt S IR 3 S AR E AT ST I, SXFMATE 500 °C K54205 2R SBA-15 FUAFLAE A I AT B IR
[ (b) m Co

e CoO

Co30,
Ce0,(16.66)/SBA-15 M

Ce0,(13.38)/Si0,

CeO,(14.14)@SBA-15

Intensity/a.u.
Intensity/a.u.

Ce0,(16.66)/SBA-15

Ce0,(14.14Y@SBA-15

e SBA-15

j? zll 5 10 20 3|0 ZiO 5‘0 - 6‘0 7I0 ;0
26/(°) 26/(°)

B 1 ik r(a) SAXRS 3 E Fl(b) WAXRD i &l
Fig.1 (a) SAXRS patterns and (b) WAXRD patterns of catalysts

HEALFI B /A XRD E3E AN 1(b) s, IIE 1 AT LLE Y, 332 50E A A CoO/Si0, fEALFI1E 260
1 36.56°, 55.3°, 59.96°4b 331 A7 B b (%) AR¢ A1 AT S 0, 1 Ak AT S T I JE T AR A A Cos04 19 (311)
(422) ., (511) Al T, XK BREBET R H Co(NO;3) , FEZRAK Si0, XA T E K1 Cos04 T, X2 N 4>
J& ANZRAR 2 (6] A BAE FH AR 55 . I ANE Z AT BEAY XRD &3 L8 nT LIWLEE 2] CoO(20 = 42.9°) il 4 &
Co( 20 = 44.2°) [/ FF AE A7 53 0, 302 PR FE s el A2 b 7= AR B Bl C0 N &R RS 40 Co304. A
CoO,@SBA-15 Fl1 CoO,/SBA-15 FJJ ff1 XRD [El i Hh ] LA t, 2 Fhbr L5 24k SBA-15 —HE37E 20 =
220/ A — Ab 5 T AT S, TS T OCE Y Si0, BRI, oAb CoO/SBA-15 Al LI 2 F|
— Kb FEET ) CoO(260 = 42.9°) R AEAT T 16, AL T SBA-15 L1 Co(NO;), ki ber A E . T CoO 43
B AE SBA-15 3¢ [ 2¢ FL 1 w7, 1 78 CoO,@SBA-15 H & Wi 8% 5] B Wi i fi7 5 0, X K 01 4 )@ 16
CoO,@SBA-15 F 43k

FHENR T AR SBA-15 LA KA AL CoO,@SBA-15 1 CoO,/SBA-15 [ N, W - i Bt 25 15 28 1 1L
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B 2 iR, SRS B0 SRR 1K 2(a) il LA H, SBA-15 Fl N, I BFF- ikt B 4575
RAE P/Py0.64—0.85 Z[A] Y B T W1 0y H1 B [aliis 5, H hZ o Suil iy IV RUAER L, Sk 138l &
Y SBA-15 ELA A I/ FL 45 H19. CoO,@SBA-15 il CoO,/SBA-15 Ay 45 IR LIk 5 SBA-15 24111,
43 BIAE P/P,0.50—0.85 Fll 0.49—0.82 Z [B]f77E H1 B [FIFHEIR, 1 150 BH 45 K56 e B4 AL 774K TH LA AN
SBA-15 —HE (A FE A FLA5H . (HAT R A B i 2 3 CoO,@SBA-15 < CoO,/SBA-15 < SBA-15 iy
A, X R R T AT S 0 A B AR ) v & B S e RS R B P R 2 B BRI AE SBA-15 i FLIE
AT 5 o) A4 Rk 0 18 B St B =2 A0, an &1 2(b) BT, i 4677 CoO,@SBA-15 Fil CoO,/SBA-15 Fll# {4
SBA-15 [AfLARYIEE R A5 4 4—10 nm Z 1], f 0] JLFLAE 53514 6.38 nm., 6.33 nm F1 6.49 nm, X & HH
&8 M T I A S5 SBA-15 I FLES . BRI Z A8, 3% 1 Al LA H, CoO,@SBA-15 Fll CoO,/
SBA-15 [AFLEZE 435k 0.68 cm® g 1 0.82 cm* g™, M F SBA-15 BFLA 1.10 cm* g ' A RKFEAL, fL1E
ML LS B g — B0 T L7 CoO,@SBA-15 |+ SBA-15 X4l 1k 4 i BRI A FH .

800 (a) 10 - (b)

—8— SBA-15
—8— (C00,(14.14)@SBA-15
—A— C00,(16.66)/SBA-15

8r —&— SBA-15
—®— Co0,(14.14)@SBA-15
—&— C00,(16.66)/SBA-15

[N

(=3

=}
T

dV/dlog(D)/(cm® g -nm™)
-

Amount adsorbed/(cm>-g"!, STP)
[3%] P
[=3 (=3
(=] o

0 0.2 0.4 0.6 0.8 1.0 2 4 6 8§ 10 12 14 16 18 20
Relative pressure(F/Py) Pore size/nm

B2 (a)HEALT N, I B -d B A5t 2 K (b) FLAR 234

Fig.2 (a) N, adsorption-desorption curves and (b) pore size distributions of samples

R 1 SBA-15 M BAEALTI RS540 28
Table 1 Structural parameters of SBA-15 and Cobalt-based catalyst

Fe b

Sample Sper/(m*-g™) Smicro /(Mg ™) Ve/(em®g?) Vier?/ (e g ™) Digy®mm
SBA-15 744 75 1.10 0.051 6.68
Co00,(14.14) @SBA-15 430 38 0.68 0.024 6.70
C00,(16.66)/SBA-15 552 69 0.82 0.045 6.80

* calculated by Brunauer-Emmett-Teller (BET) method; ° calculated by t-plot method; © obtained at P/Py=0.995; ¢ from BJH method.

3 AL CoO@SBA-15, CoO,/SBA-15 Fil Co0,/SiO, ) TEM &, MK 3(a) . (b) A AN EL 3
MR FLIE S5, X 5 SBA-15 Ay ML AU £ E 4544 AH — (7. 41 CoO,/SBA-15 Fil Co0,/SiO, ) TEM &
rha] LSS S Y 5 14 43 B UKL, 3 SR PR A A% SRR It 12 5 U R R B T 2 1A SR THT T g A1 3R i 2 3 s e R
1) 455 Ja8 UK. X E L 3(a) AT LA B, ) [ AE I I 15 R 41 8 CoO,@SBA-15 T 43 Jag UKL A ph K5 48
1 AR ISR P123 A ELAE FH B A HIOEE SBA-1S [FLAE 22, i A< L I i 14 4 i k.

@ [ - ©

50 nm CoOI41D@SBA-IS 50 nm C00,(16.66)/SBA-15 50 nm COOYIRRS)/Si

3 fiEfksAl TEM 5]
Fig.3 TEM images of catalysts
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HJ T HE— AR ) CoO, FN#RMZ (R BAH EAE T, T 3 AL b4 T T & SR F FHE R
JRSEES, FrASas B anE 4 Fros. IWE 4 7T I H, CoO,/SBA-15 Fll Co0,/Si0, 1) TPR Hij £k ih 4] W 2< 5
2 AN S Y VE S0 S, e Co0,/Si0, By JELIE H BRAE 327°C F1 366°C [T, 43 HI%F M T Cos0, 18 J5
K CoO il CoO i JF5 K 42 J& Co WG~ 2k R, HLAS — > U Ji I8 1) 58 28 0 125, 32 R Sk 17 8R4 Si0, [ 11
Co30y4 1 JBURLRL A2 32, BRI CoO By 3 J 2 B 5 55 12, CoO,/SBA-15 11 2 A~ id JRL i Y B AE 304°C Fll
338°C [ffifr, H 300—500°C Z [i] Y3 it g i B2 AIG L Ya BT, X U A T SBA-15 I FLA5 4. AR [A]
A L, (B A AT Co0,/Si0,, CoO,/SBA-15 I 1) CoO, 43 Hit B B /& . WUk 5 /N . AH X Hb
CoO,@SBA-15 ) TPR 14 7E 100—600°C i [l P9 A WL 52 21| Bt 9 34 Ji g, {AE 700°C Ji5 th 8 1 5 i
B SR, ZA R IR T JE T Co™ 5 SBA-15 58 AH BLAE FITE B i 155 43 100 ik R el 2 400 Jo 7y e it g2,
FH] CoO,@SBA-15 1 CoO, =43k, 55 TEM F1 XRD 4553 —2L.

366 C

Ce0,(13.38)/Si0,

304°C338C

CeO,(16.66)/SBA-15

CeO,(14.14)@SBA-15

100 200 300 400 500 600 700
Temperature/C

4 FEALH PR Y THE H, R
Fig.4 H,-TPR of catalysts

2.2 CoO,@SBA-15 1k 1% 1k PMS i K
22,1 NIRIHE AR b U i S 0

SR WIHI UG BE R 0.18 mmol- L7, #EALFI A FE & 4 50 mg- L', PMS ¥ & 4 5 mmol-L™ B, 435l
Pl CoO,(14.14) @SBA-15., Co0,(16.66)/SBA-15 il CoO,(13.38)/Si0, ML FITE % iR 411 F #e AT & A
() Rl S 36, PR AR S5 AN 18] 5 i, 5 SR B, 3 i Ak A 3476 15 1k PMS A £k [ it Sl A% 114 B g v e 31
SR A TE P, W 120 min J5, S EAE Co0,(14.14) @SBA-15, Co0,(16.66)/SBA-15 F1 CoO,(13.38)
/Si0, Y 3 AL | F2BR K758 100%. 89.3% F1 84.7%. 45 1AL FI R ALK F, SBA-15 I/ FLEGEH
13 B AL 1S CoO,(16.66)/SBA-15 T CoO,(13.38)/Si0,, HAKHH, SBA-15 By A1 fLEEH A F) T
T T A 5518 3 B I B 30 W AU a0 ¥ e W 7 A A7) i B B, 3 v SR I B AR A10% T CoO,(14.14)
@SBA-15 (LG 1 55 F Co0,(16.66)/SBA-15 J&: K > % I [ AR A 1 A AR AL (1) i B2 v Co? 55
M3l P123 HAEH, 145 CoO, 1 B 4 BUAE SBA-15 BYFLIE Hfv, JE X I3 1 457 &5 1 PR SR FHEL BRI AL
TE H TR S RE S B R AN PMS B fil, $i R PMS A TE AL RIOR, T AR R O

100

—m— CeO(14.14)@SBA-15
80 —e— CeO(16.66)/SBR-15
—a— Ce0(13.38)/Si0,

CJCo%

40 -

20 +

0 - ]

1 1 1 1
0 20 40 60 80 100 120
t/min

5 RFEMEAHI AT T SRR ZER AN 1L

Fig.5 comparison of catalytic activities for CB degradation using different catalysts
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2.2.2 AR N e Xof SR R 1Y) 5

FRB W LR BE 4 0.18 mmol-L™', PMS ¥ J¥ & 5 mmol-L™' i}, Ll CoO,(14.14) @SBA-15 {1k 51
PRITAEAL TN BN X CoO,@SBA-15 i fk PMS B SR (1520, Fir15- 25 40 151 6 F 7 . Ak 70 5 n
50 mg-L™ 1 100 mg-L™" i}, 43 BI7E 70 min F1 30 min A 52 B 58 2 B A, 100 24 HE AL F 34
25 mg-L ™' B, Z0HE7E 120 min B9 25 B3 R A0H 93.2%, 33 32 G A 110 956 A 3 228 o 255 e 1 350 438 £ g 344
TN O 3 AR A R AR B R] 3 min P AR P T LG AIE SR A R 1 A7 R AR Hp R AR Y
W B e 4, AT PE TR AE R an & 6(b) Firzs. MAIEL 6 BT LA H, AN [ fh 700 48 i ek s ) G R ik S 1z
(AT T4 B AR AR ], PRI I 122 5 I A 32 A1 A ) 4% J3 BEL 5%

14~
1008 (@ (b)
—a— 25 mgL”! Ty
80 —e— CarS0mgL! £l .
—A— Ceu=100mg-L7! 'en -//
cat - /
s 60 - [ ]
NS =
= ]
{ S 12¢
~ 40 ES
e
2 11f
20 =
E
0 N L S~ o 'y 1.0 1 1 1 1 ]
0 20 40 60 80 100 120 0 25 50 75 100 125
{/min Catalyst dosage/(mg-L™")

6  (a) HEALFIBINEXT CoO@SBA-15 fifk PMS FFA# SR A2 (b) 7ERH) 3 min P B AH LA 46 185
Fig.6 (a) Effect of catalyst dosage on CB degradation by PMS over CoO,@SBA-15 and (b) the corresponding initial
activity within initial 3 min

2.2.3 SN SRR AR A

AR PR HE Sy 0.18 mmol- L™, HEALF A B 50 mmol-L™', PMS ¥ J% 2 5 mmol-L™ i, 7
B LAA R 7 B 1 CoO,@SBA-15 g HEAL 7R 28 il 5% 1F T #EAT SR AR AR SE 56, FT A4 R AN1&T 7 B,
E 7 AT LA Y, 2S5 R R 14.14% F1 26.02% B, CoO,@SBA-15 AJ LL7E 70 min PN SE B A 58 42 %
fige, T S AEAGTR 9 AR 8.14% B, RN 120 min f5 SUAR Y 23 BRFAT Ny 83%, SR 11 4 fife 1 2 Bl %5 i
AR D A8 B3 NS K. & 7(b) PR 2R Y AN ] B 238 1Y CoO,@SBA-15 AR B4 S 1 3% 18, Bl
E A S RN, A SRBAE 3 min NPT TSP 0.368 34 3 2.297 mmol-L 'gCat 'min”', iX J&
PRl g G 2 B4 4 T A5 A S 7 A 32 8 PR LR CoO, 4 22

(a) 30wy
—m— CeO(8.14)@SBA-15 L

" —e— CeO,(14.14)@SBA-15 Tast
—&— Ce0,(26.02)@SBA-15 Ei /'
T, 20t -
e 60f 3 L
= g
S g 15}
= a0t =
= 1.0 |
K
=
20r 205l
= [ |
0 0 L 1 N 1 . 1 . 1 . |
0 20 40 60 80 100 120 5 10 15 20 25 30
t/min Co loading/%

B 7 (a) bR gk X CoO,@SBA-15 ik PMS FEfF SR 52 M5 (b) 7E 5 W] 3 min PN 9 AH R 90 46 16 1
Fig.7 (a) Effect of loading amount on CB degradation by PMS over CoO,@SBA-15 and (b) the corresponding initial
activity within initial 3 min
2.2.4 IR R X SR A fe 14 5 )
SRR EE N 0.18 mmol- L', AL A B Ik 50 mg L' B, 7EH A S A BAE LT, 2k
AR B A 52 56 vh SAR T PMS FIWIIR TR E, LLtE— 2D HR5T PMS 78 CoO,(14.14) @SBA-15 _ERYTHILAL
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i, PR R 8. 9 fian. N 8 Hhaf LA i, 24 PMS [k BE 151 E 24 5 mmol- L™, SR A #] ii vk B DA
0.1 mmol-L™" A% 0.4 mmol L™ I, S A MY ZRBEZ b, RO #ITE MM 1.512 mmol-L'gCat 'min™
2% 3.185 mmol-L'gCat 'min™", 3X & P Ay B 35 SR vk B2 1938 0, @RTE CoO,(14.1) @SBA-15 KT
IR A B B AN TR, DT BRE i T AR I R, DAIRT 9 thaT DU HY, Y SR ) BR MR B2 [ 5 2 0.1 mmol L'
B, Bl & PMS ¥k BE A 2.5 34 fin #] 10 mmol-L™', & [ #J {f #£ M 1.429 mmol-L'gCat 'min" 3% &
2.460 mmol-L'gCat 'min ", X 15 W] PMS 7 1, 71 5 T 1) W2 P ko, 2 52 e G0 1 38 e 52

051 (2 - o)
— I
T3t

~ 04 E

‘ :

= T 3 I

2 2 07

S |

£ 03 %‘ 2+ 0.6

=

8 g .05

= o 3 |

£ 02 S : 04

g L : =0.033x+0.26

g S 0.3 R= 09869

“ 01 = ‘
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Fig.8 Effect of initial CB concentrations on CB degradation by PMS over CoO,@SBA-15
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Fig.9 Effect of initial PMS concentrations on CB degradation by PMS over CoO,@SBA-15
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