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Sulfur-modified porous Coz04 in activating peroxymonosulfate
for degradation of methylene blue
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( College of Chemistry and Chemical Engineering, Chongqing University of Technology, Chongqing 400054, China )

Abstract: A series of sulfur-modified porous Co;04 [S,@C0;0,, x=0.25, 0.50, 0.75, 1, where x represents
the modified content of sulfur, based on the molar amount of Co(NO3),*6H,0, the same below] via an
improved oxalate-pyrolysis method with Na,S,0; as sulfur source. The catalytic performance of the
catalysts obtained in activation of peroxymonosulfate (PMS) for methylene blue (MB) degradation was then
investigated, followed by evaluation on the influence of catalyst dosage, PMS concentration, reaction
temperature, and common anion species on the degradation rate of MB in the S,@Co03;0,4,-PMS system as
well as the cyclic stability of the catalyst. The results showed that the catalytic performance of Co;04 was
improved with the sulfur-modified content increased, and S;@Co;04 exhibited the best catalytic
performance among the catalysts obtained. Sulfur bonded to the surface of Co;04 in the form of SOz
increased the specific surface area of Co;04, the content of oxygen vacancies on the surface and the
polarization of HSOs, the combined of which enhanced the catalytic performance of Co;0,. Under the
optimal reaction conditions of catalyst dosage 0.04 g/L, PMS concentration 0.6 mmol/L, reaction
temperature 25 °C, and reaction time 25 min, the degradation rate of 500 mL MB solution with a mass
concentration of 10 mg/L reached 98.35% in S;@C0304,-PMS system. S;@Co3;0,4 could be recycled in a
simple way and the degradation ratio of MB could reach 68.57% after four consecutive cycles. The
degradation of MB in S;@Co0;04,-PMS system was the result of synergistic effect between free radicals
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Fig. 1 XRD patterns of catalysts with different S modification
content
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spectra of S;@Co304 (e~1)

2.1.3 MLk @AmoHr

XF il & o pE AR R AT T LA R AT, K3 R
ANV R N 82 5 - B 52 ik it 48 K A g 1) FL AR 0
. m & 3 AT, S FPRE S SRR 2R AR,
BRIV Langmuir W RF- 0 B 250 2, ELI R ith
AW M2 AN B S, RUILEAE Il A o i 3
TR B RIS, SRR A B A A
FLEERE o T ot £ 55 B8 B i e =2 ) T o8 3R i 3R
H3 B, FRUAFE LB S48k, 2 2R S
B, X 5 SEM WA AR — B, fLAR 50 A th 2 1&
3 4@ WoR, SRR LR S A B E B T RS
ALK, TIE S SR HH B R k- AV 1 T 75 7 3K A it 1)
BA RAFHAFLESH AR 4 BET 2A=UH1 BIH 59511
B PR LR TR LA S E TR 1, £ 1
SRR, B AA B T K Cos04 LRI,
T L2 T AR 3% R AR AT A B T4 THE AR 1 A iy
AL

120 Fa
— o
B 12
_ g
2ot st
g90 §§ 6
= S 3 °
g60— é’o Illolol 1 P
0 10 20 30 40 50 60 70 80
§ FAR/mm
e\
£ 30

------
''''''
2N
RPN

1 1

1
0 0.2 0.4 0.6 0.8 1.0

1 1 1 1
0 10 20 30 40 50 60 70 80
/nm

AHX ST (p/po)
120 F b
BT, g
~ g 6 B
B 9037 4| o e;/3
"‘E % g ] d
S S2f *e ° /°
mﬂ] 60 [ é‘ 0 i 1 1 1 1 1 1 |a f“’
E 0 10 20 30 40 50 60 70 80 %/
X FA/nm o
- *)
ﬁ 30 | wfsfs/
W:@Mz
1 1 1 1
0 0.2 0.4 0.6 0.8 1.0
AHXTETT (p/po)
120 Fe
30
® E 6r
= - BT =,
: 01 5% 4| § o)
= Tty %
i X ®
E 60 L
2
K
&

W
o
T

.......
........

0 0.2 04 0.6 0.8 1.0
HAXTETT (plpo)




1370 - # 4w & T FINE CHEMICALS %40 %
120 F3 2000 F
= 8 1000 + S;@Co;0,
g6l o
B sE°TY 0
09033418 °, ‘
g S SRR - -1000 ‘: 500
= g 2re > S —2000 F |l
i 60 L Lole, | L2 & 2000 F
= 0 10 20 30 40 50 60 70 80 %
= FL#%/mm 1000 K Co,0,
§ 30 0
—1000 -
0 , , . . 2000 £ . . . .
0 0 04 o6 os o 1.86 1.93 2.00 2.07 2.14
HIXSFES (olpo) &
120 F e _ IEI 4 CO304 *ﬂ SI@CO304 E,(J EPR ﬁ%{ﬁ*ﬁf)ﬂﬂ%%
? 8¢ Fig. 4 Oxygen vacancy results of Co3;04 and S;@Co;0,
Bl tested by EPR
NF2E 4|
T -
;%?ﬂwkw%ﬂf 215 LriRiESH
= 0 C 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80
fL&2/mm

TR H/(cm/g)
[=2)

W
o
T

0 02 04 06 08 1.0
HEXTHESR (plpo)

a—S.25@C0304; b—S¢ 5@C0304; c—S¢.75@C0304; d—S,@C0304;
C*CO304
B3 R BRAE B RE i Y N IR - 58 B ity &
Fig. 3 N, adsorption-desorption isotherms of catalysts
with different S modification content

R 1 OAERE G R AR R AL 25 2 5L
Specific surface area and pore structure parameters
of different samples

FE AR Co30s Soas@C030s Sos@Co304 So75@Co30s S1@C0304

Table 1

WAL 36.27  38.88 45.54 45.39 62.09
/(m*/g)
kg 0.16 0.14 0.17 0.16 0.18
/(cm®/g)
SEHFLAE 1961 15.16 16.35 13.97 11.74
nm

214 R@ATZH

ek R DA I WO R i v SN LY/ BL A= 22 e i
BRFERZW, AR TR AR, Hos
MEAEFEWREE T, oTLA SR S8 ALY
R A F450, WsR i 75 M, kAR
T RE 34k ( EPR ) K I 2 R X EE & Cos04 H1
S1@Co30,4 R ERFAIEAT T 08T, S5FAE 4 fis .
L 4TI, FEUR S 3 R () 2.00 Ak 3L T B
WHE SN, RUIMFEGREAAERAEA, H
S1@Co304 ¥ f IV RHIEAR 5 91 I i 2 98 T Co304, 1IE
BB S M1 Cos0,4 ™AL T Z AL,
A B T ER AR A

SR PR L A8 48 2T 0 S 335 SO 52 56 1 4 1 AN [
BB e T T, S5RILE 5. HIE S
AP, ARER S AYFER (Se2s@Co304 A1 Sos@Co30;4 )
5540 Cos04 FE T EISEA LRRE—B, (A s | A
AT, B SRR So75@C0304 F1S;@C0504 )
BILT AN EIAE DB 1153 F1 1092 cm ' &b 3055
(R4 2 W g o 33 B3 G W WAL ] U1 g T SOF AR
TELT AN g, i S=0 XUIR S5, %45 R
FW, S JLEEL SOT WA T Cos0,
P o I SCHR[30]RT AT, RS T4 8 Ak
LAY SOF N HAA A 1) S=0 B 2 30 H b 5 1)
HFESSN, SEEBRMNE T E2mE, L
KAFFEEN Cos04 HF Co™ RYIERYE, I, Cos0,
Xof BT A v 5 AR H PR HS O3 1Y W B TR AL B 25
5, &)@ BT PMS EATH FEAE TIN5, 08
BT PMS H O—O #RHiZ, M S,@Cos0,
T it 2 B0 O R ) A T P

S:@Co30,

So.75@00304 $=0

Sos@C0304
. S025@C0,0, ) ) |

Co;0,

4000 3500 3000 2500 2000 1500 1000 500
PWH/em™

K5 AFEFEAHEY FTIR 3%
Fig. 5 FTIR spectra of different samples
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Fig. 6 XPS spectra of different samples
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