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Effect of highly dispersed cobalt oxides based silicon activate sulfite
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Abstract: In recent years, advanced oxidation technology (SR-AOPs) based on sulfate radical (SO, ) is
developing rapidly. The catalysts and related mechanisms for the stable and efficient generation of SO, "
have been focused by researcher. In this work, the heterogeneous silicon-based highly dispersed cobalt oxide
(CoNSi) was synthesized through ammonia modified adsorption roasting method. Moreover, CoNSi was

used to activate the industrial by-product sulfite (S(IV)) to achieve the purpose of “waste control by
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waste”. The effect of pH value, CoNSi and sodium sulfite (Na,SO,) dosages, AO7 concentration, and

oxygen on the degradation of AQO7 was investigated separately. Furthermore, the effect of sulfite

concentration and AQO7 concentration on the initial rate of AO7 degradation reaction was analyzed. The

results indicated that the degradation efficiency of AO7 in aerobic environment could reach 79. 4% under the

conditions of initial pH of 9. 0, CoNSi of 0. 25 g/L, Na,SO;o0f 1. 0 mM and AO7 of 7 mg/L. Moreover, the

stability of CoNSi activated sulfites was demonstrated by sequencing experiments. Radical trapping

experiments elucidated that SO, "~

is the main active species in this system.

Keywords: sulfate radical; cobalt oxides; sulfite; acid orange 7; advanced oxidation technology
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Fig. 1 The EDS spectrum of CoNSi catalyst
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Fig. 2 The TEM image of CoNSi catalyst
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Fig. 4 The effect of initial pH on the degradation of AO7
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degradation of AO7

i fR #h X F X Fh 9 ¥ BT CoNSI-S (IV) & &
SOx"~ 1 HO" {4 sl 06 ZE A ] 5 1 (1 W B

fREh 25 AO7 324 SO4° 8 HO™ H il £ (i =
R8.R13), (&% SO4° 8 HO" A M EAYF R,



192

R NIECRE N A 4

FAROP & SO %42 %

M3 B AOT7 (R B fif 2805 T . 1T HL A R R 4%
LR AR R O R R S R T RE (R0 3 R2,
R3), T8 SO;* HHEM AL L RE) , X 4
JEAL B (0. 5 mMD L S i (2. 0 mM.5. 0
m VD W) 4 B2 0 R P R PR L 25 A T i R
M2 T A, 1 Na, SO, Fei N 1. 0 mM 47
AOT B0 5 220 5E .

1.0 1240 .
-1242
0.8 e d
- -12.46
=
< 0.6 A S 65 4055
ﬁ 0.6 Infsulfite]
S
= 0.4+
0.2
0.0

0 '5 1‘0 1‘5 2‘0
I} 1E)/min
#:--0.1mM —-0.2mL —a 0.5mM

—v1.0mM —-2.0 mL. —< 5.0 mM

6 Na,SO, iREI AO7 BB 7 510
Fig. 6 The effect of Na, SO; concentration on the
degradation of AO7

2.5 AO7 iREK G

SRR AOT MR BE 43 51 R 8. 6.14. 3,20. 0,
28.6.42. 3.57. 1 pM, % £& CoNSi-S (IV) & £ Xf
AOT [ R fRSZ L W 7. 34 AOT R JE M 8. 6
M T R 57,1 pM IR B IR SO # AN 1.9 pmol/
min FFE#] 9. 7 pmol/min, FEE AOT7 ¥REE A 3G,
PR AR I PR B AR L AOT 43 F B9 A X 5
Wb, AOT 43 506 1k L ER 2 09 42 ik A 23 B A1 )
B W it B AR S R R B AT B S AO7 55 4 1 1
PR 3 1 TR R A E A AR R RO

-115 -11.0 -105 -100
InfAO7)

[AOT)uM
o
(=}

10
N B [)/min
H:—=-57.1pM —e—42.3uM —a—28.6pM
—v—20.0pM ——14.3uM —<8.6uM

B7 AO7 REHHIE
Fig.7 The effect of AO7 concentration

HeAh, BT 2T A RIS Ak 0w Ak e, 4
CoNSi By 0. 25 g/L, W 78 B 4 4 1 19 5%
R S A A H A B 3R B el R R A0 45

PR . CoNSI-SUIV) K R i AO7 1 B i i i 5K
Mk 2 fros s AOT7 WY Rl b 72 ] KR o O = R14.,
AOT [ ) 46 B2 W 3 AR J7 FEa] 33k O 2 i 2K
RI5M ot a o 43 52 06 R 46 F1 AO7 9 2R
S GH s ro R Ry G SR H) G S5 I R 6 T R 3 5
HEL 6 IR R T In ro A1 In [sulfite ] ¥
LR PAR R R16, & 7 H A6 R
T Inro Ml In [AO7T M C R, LG 15 2 2 =X
R17. fJait B S5 a 4 0.028.b6 K 0. 856,k A
4,985X10 * M ' /min., Kt . i i 2 R15 7] LA KR
B R18.

R2 AT BEERNX
Table 2 The reaction formula of AO7 degradation
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Fig. 8 The effect of oxygen on the degradation of AO7

IR Ik o 7 ] R 1t S2 36 %k CoNSH A Ak 31 Y a2
ﬂfﬁﬁffﬁr%u&»%ﬁo A1 S 56 g A VR [ 2 2 HOm
N ERLXF 52 7 V8 R 119 45 8 25 B 17K .1 mL AO7
FRUERH A O 1 mL 0 &% B8 40 b I i 55 W, JF A
WG pHAEN 9. 05 fli 3 19 CoNSi £k 57 FH 25 2
TR VBR800 5 5 B AR R T S R R T
M =T ORAE . LR E 9 FR AR RN AT
5 A, AOT B R AR IR B T 71 5%, X 1 B
CoNSI i £ 701 FL AT 45 w5 10 1 A6 S i 198 &k 88 i 15 e )
R et M T A e 280 1 T B RT BB R T R o AR
rh AP B 1 A AR T B R A A ] 7 A
A A A 700 170 2 T 4 D 3 O 5 O A R 2R A T
PEOL AN BE TR A R

L

H’J’Iiﬂ/mm
H: w1 92 a3 w4 o5

9 FitLI I AOT WIFE R R
Fig.9 The effect of sequencing batch experiment on

the degradation of AO7

[AO7)/[AOT],
I 4 4 =
P2 w8

I
o

2.8 AEEBEMRFLR

T BB CoNSIi-SAV) IR R H T b K iy [ i %
ML S F Y (MeOHD FRCT B CTBA) 1 4 4 il
FIRIRFEAIE A EAEZR R P EN . X RS
BT R R T MeOH il TBA 5 SO, HH
FLHO™ A W R N MR R B R R
(koveorson- ) =1.23X10" M s ' kaveon, noe) =
9.7 X 10°M 's ', kermasor.  =8. 5 X 10°M s !,
=6.0X10°M s I Szad fin A K [

k('I‘BA. HO*)

W) MeOH A1 TBALZ5 R WLE 10, 24 TBA [k
B (20 mM) K AO7(0. 02 mM) K 1 000 /%, AO7
() B i R A HE S S TBA BB Bt R TR T
4.2% . LU HO® H i 3E7E CoNSI-S(IV) 14
FHXE AOT 1 B v] e AR AE — 2 DTmk, AR 2R
FEAEHEEY R, SR, Y MeOH 1E 0 B o5&
00580 500 75 1 R A B, AOT7 Y B 7 Ak R I
fis. 2 m AR MeOH 17&1*7@ 400 mM I}, 25 4
34.0% AO7 15 # B% fif, iX 7T B 5 B i of #2 b
SO, W54 %, H K MeOH %n SO, "~ Bk
RHEB Ckonorsos - <10°M's D EAEPY, MeOH
ANRESE K SO, "~ &Kk i, Bk, 7l LI
SO, "~ BixK R b FEMIE WA, SO, "~ W g
2% AOT FEfRAEAE— 2 I DTk

4 e =
o ®© o
1 1

[AOTV[AOT],

S
IS
L

0.2

0 5 10 15 20
N s} 18)/min
#:—=-A07 0.02mM —-TBA 2mM

—4—TBA 20mM —v—MeOH 20mM
——MeOH 200mM —<MeOH 400mM

10 A[E B BEHRFN AT BB R0
Fig. 10 The effect of different radical scavengers on

the degradation of AO7
4 2
3 ZHik

TEBRE A R APET Rk E E  Be EAL fi
L300 BE 18 5 Ak B R A6 B i AO7, b, pH=9.0
BN B B pH A LA A Ak 50 i B R IE A
fiR b v B T DL R AOT7 YRR soR . TR, Pt s
I UEBA T CoNSi i fb I A B A R4 i fa e s A
[l A A H S5 R T SO, AWM NIk R
M FEZEEY A, HO® A A SO, "~ A X
AOT7 R vl REAE 7 — & ot mk., B, JE 3 M
CoNSI-SIV) {4 2 76 Bl 14 15 /K b B v B W A 19 T
b R A

B2k

[1]ZHOUDN, CHEN L, LIJ]J, et al. Transition metal
catalyzed sulfite auto-oxidation systems for oxidative

state-of-the-art

decontamination  in  waters: A

minireview [ J]. Chemical Engineering Journal, 2018,



194 N RC N A

% 42 %

346:726-738.

[2]XIEPC, GUOY Z, CHEN Y Q. et al. Application of
a novel advanced oxidation process using sulfite and
zero-valent iron in treatment of organic pollutants [J].
Chemical Engineering Journal, 2017, 314:240-248.

[ 314t k. Ris, % FMYEFEML RS A
WA B AR K oA BE R[], BBEfk 2, 2012, 31(5):
682-686.

YANG S Y, YANG X, LIANG T, et al. Degradation
of nitrobenzene by the combined system of zero-valent

oxidation [ ] .

Environmental Chemistry, 2012, 31 (5):682-686. (in

Chinese)

[4] HUPD, LONG M C. Cobalt-catalyzed sulfate radical-

iron reduction and persulfate

based advanced oxidation: A review on heterogeneous
catalysts and applications [J]. Applied Catalysis B:
Environmental, 2016, 181:103-117.

[5]1JIANG X X, WU Y L, WANG P, et al. Degradation
of bisphenol A in aqueous solution by persulfate
activated with ferrous ion [ J]. Environmental Science
and Pollution Research, 2013, 20(7):4947-4953.

[ 6 ] ANIPSITAKIS G P. DIONYSIOU D D. Radical
generation by the interaction of transition metals with
common oxidants [ ] ]. Environmental Science &
Technology, 2004, 38(13):3705-3712.

[ 7] SOLIS R R, RIVAS F J, GIMENO O. Removal of
aqueous metazachlor, tembotrione, tritosulfuron and
ethofumesate by  heterogeneous  monopersulfate
decomposition on lanthanum-cobalt perovskites [ ] J.
Applied Catalysis B: Environmental, 2017, 200:83-92.

[8] SHU H Y, CHANG M C, HUANG S W. UV
irradiation catalyzed persulfate advanced oxidation
process for decolorization of Acid Blue 113 wastewater
[J]. Desalination and Water Treatment, 2015, 54(4/
5):1013-1021.

[ 9] CHESNEY A R, BOOTH C J, LIETZ C B, et al.
Peroxymonosulfate rapidly inactivates the disease-
associated prion protein [JJ]. Environmental Science &
Technology, 2016, 50(13):7095-7105.

[10] XIE P C, ZHANG L, CHEN J H, et al. Enhanced
degradation of organic contaminants by zero-valent
iron/sulfite process under simulated sunlight irradiation
[J]. Water Research, 2019, 149:169-178.

[11] SUN S F, PANG S Y., JIANG J, et al. The
combination of ferrate ( VI) and sulfite as a novel
advanced oxidation process for enhanced degradation of
organic contaminants [ J ]. Chemical Engineering
Journal, 2018, 333:11-19.

[12] DING W, HUANG X Y. ZHANG W D, et al. Sulfite

activation by a low-leaching silica-supported copper

catalyst for oxidation ofAs (III) in water at
circumneutral pH [J]. Chemical Engineering Journal,
2019, 359:1518-1526.

[13]LIU Z Z, YANG S J, YUAN Y N, et al. A novel
heterogeneous system for sulfate radical generation
through sulfite activation on a CoFe, O, nanocatalyst
surface [ J]. Journal of Hazardous Materials, 2017,
324:583-592.

[14] ZHOU D N, YUAN Y N. YANG S J. et al. Roles
ofoxysulfur radicals in the oxidation of acid orange 7 in
the Fe (IID)-sulfite system [J]. Journal of Sulfur
Chemistry, 2015, 36(4):373-384.

[15] FURMAN O S, TEEL A L, WATTS R J. Mechanism
of base activation of persulfate [J]. Environmental
Science & Technology, 2010, 44(16):6423-6428.

[16] HAMMOUDA S B, ZHAO F P, SAFAEI Z, et al.
Degradation and mineralization of phenol in aqueous
medium by heterogeneousmonopersulfate activation on
nanostructured cobalt based-perovskite catalysts ACoOs
(A = La, Ba, Sr and Ce): Characterization, kinetics
and mechanism study [J]. Applied Catalysis B:
Environmental, 2017, 215:60-73.

[17] WANG T, SU J, JIN X Y, et al. Functional clay
supported bimetallicnZVI/Pd nanoparticles used for
removal of methyl orange from aqueous solution []].
Journal of Hazardous Materials, 2013, 262:819-825.

[18] WU D M, YE P, WANG M Y, et al. Cobalt
nanoparticles encapsulated in nitrogen-rich carbon
nanotubes as efficient catalysts for organic pollutants
degradation via sulfite activation [ J]. Journal of
Hazardous Materials, 2018, 352:148-156.

[19] CHEN L, PENG X Z, LIU J H, et al. Decolorization
of orange II in aqueous solution by an Fe (1) /sulfite
system: replacement of persulfate [J]. Industrial &
Engineering Chemistry Research, 2012, 51(42) :13632-
13638.

[20] YUAN Y N, ZHAO D, LIJ J, et al. Rapid oxidation
of paracetamol by Cobalt (1I) catalyzed sulfite at
alkaline pH [J]. Catalysis Today, 2018, 313:155-160.

[21] $8AHL. BIRRAR A A2 1Y 0 A H R KA & R A Mk
TR D], MR IR R IE Tl R, 2014,
GUO Z K. Quantification of sulfate radical formation
and its application in advanced oxidation technology
[D]. Harbin: Harbin Institute of Technology, 2014.
(in Chinese)

(% WA



