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Table S1. Comparison of synthesis methods for cobalt oxide.

Reaction time

Synthesis method Reaction .
(h) Sample size
Samples temperature (nm)
Step 1 Step 2 max (°C)  Step1 Step 2
CoO/ Spray _ _ _
MWCNTs! pyrolysis 1000 40=10
Co5;0,2 Hydrothermal - 500 8 - 500
Co0;0,@PFR?® Hydrothermal - 160 6.33 - 60
C030,* Pulsed laser - 250 25ns - 50
deposition
Thermal
.C5
Co;04@N-C> Hydrothermal decomposition 800 96 12 20

Co0,/CPCS  Hydrothermal Thermal 500 26 24 100

decomposition

Mesoporous 1 o
C0,0,7 Ball milling Calcination 400 1 27 10-14
Co3;048 Solvothermal Calcination 700 3 12 32.3

C0304 . .

NPs/TNWs? Hydrothermal Calcination 450 30 8 22+3
Co030,41° Mixing Calcination 400 - 2 48
C0;04"  Calcination ~ Cicctron beam 400 2 > 27

deposition
Sol-gel
10
Co;04 method Heat treatment 400 0.5 2 20
Co30,41° Electrgl'ess Heat treatment 400 — 2 38
deposition
. 0.08 0.28
Co0y, .. Electrochemical Room
(This work) Mixing post-treatment ~ temperature (5 (16.7 1.42+0.34

min)  min)




Table S2. Mass ratio of O and Co in the TEM-EDS of CoO,.

Spectra Instate 0] Co Total
1 Yes 25.42 74.58 100.00
2 Yes 25.13 74.87 100.00
3 Yes 25.59 74.41 100.00
4 Yes 25.18 74.82 100.00
5 Yes 25.31 74.69 100.00

Average 25.32 74.68 100.00




Table S3. The pseudo-first-order rate constants of MB degradation by CoO,/GO catalyst

activated PMS under various conditions (Cyg = 20 mg/ L).

C"(tli‘llgy)“ (mfn l\(flSL_l) Tg)‘é‘;" pH Additive (mli‘l‘l_l)
0.1 0.5 60 7.0 - 0.487
0.3 0.5 60 7.0 - 0.738
0.5 0.5 60 7.0 - 0.764
0.6 0.5 60 7.0 - 0.784
0.8 0.5 60 7.0 - 0.828
0.5 0.25 60 7.0 - 0.353
0.5 0.5 60 7.0 - 0.766
0.5 1.0 60 7.0 - 1.565
0.5 2.0 60 7.0 - 2.140
0.5 0.5 60 3.0 - 0.351
0.5 0.5 60 5.0 - 0.731
0.5 0.5 60 9.0 - 0.742
0.5 0.5 60 110 - 0.279
0.5 0.5 30 7.0 - 0.068
0.5 0.5 45 70 - 0.231
0.5 0.5 60 7.0 - 0.766
0.5 0.5 75 7.0 - 1.440
0.5 0.5 60 7.0 0.5 g L' NaNO; 0.847
0.5 0.5 60 7.0 0.5 ¢ L' NaCl 0.183
0.5 0.5 60 70  05gL"NaHCO, 0.080
0.5 0.5 60 7.0 0.5 mol L' TBA 0.699
0.5 0.5 60 70  0.5mol L McOH 0.141
0.5 0.5 60 7.0 2 mol L' TBA 0.273

0.5 0.5 60 7.0 2 mol L' MeOH 0.025




Table S4. Activation energy values for dye degradation using PMS activated by various

cobalt-based catalysts.

Catalysts Dyes Ea (kJ/mol)
MCC!! Amaranth 64.5
CoMo0,"? Methylene blue 69.89
Co-Mn LDH"3 Acid orange G 72.29
CoCNF* Amaranth 70.4
C00,/GO Methylene blue 60.78

(This work)




Table S5. Comparison of various catalysts for catalytical oxidative degradation of MB by

activation of PMS.
Dose of Dose of Amount of Degradation Degradation
Catalyst catalyst PMS MB efficiency time
(mg) (mg) (ng) (%)
5 min
4
Co;0,by PLD 1.2 7.68 100 75 (25 °C)
C0304 10 min
0. 2 1 1
NPs/TNWs® 7 0.23 > 00 (None)
10 min (25
Co;0, powder!® 0.3 1.47 15 59.5 r?g;(
C030,'5 3.22 0.31 32 95.7 90 min
(None)
C0,0,' 3.32 0.31 32 88.5 90 min
(None)
90 min
CoO"3 3.00 0.31 32 98.5
(None)
Co3;04 10 min (25
: 1.4 1 4.
/Graphene!¢ 0.3 ! > 84.8 °C)
0 mi
C030,/CNFs!” 0.2 3.07 373 100 30 min
(None)
10 min
Pc/CFs'3 4.00 0.62 18. 48
CoPc/CFs 7 (50 °C)
35 min
ACFs" 4, .62 18. 1
Co/ACFs 00 0.6 8.7 00 (25 °C)
Co/N-CNTs? 1.00 2.00 100 100 2.5 min
(None)
Co0O, 6.7 min (60
. 31 4 2.
(This work) 03 0.3 0 923 °C)
CoO, /GO 6.7 min (60
0.5 0.31 40 100
(This work) °0)




Table S6. Catalytical oxidative degradation of MB and three colored wastewater samples.

Source of Dose of Dose of Degradation Degradation TOC TOC
wastewater catalyst PMS temperature efficiency after (mg L') removal
(mg) (mmol L- ©O) 2 min by efficiency

D) HPLC(%) (%)

MB 0.5 0.5 60 99.90 39.1 80.64

Textile-1 0.5 9.3 60 98.66 725.5 71.95

Textile-2 0.5 3.5 60 98.99 278.1 74.94

Cosmetic 0.5 4.2 60 98.59 324.5 80.40
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Fig. S1. (A) Degradation efficiency of MB (2.0 mL, 20 mg L") in the presence of PMS (50
puL, 0.02 mol L) and CoO,MCNTSs nanocatalysts at different time intervals; (B)
Degradation efficiency of MB (2.0 mL, 20 mg L) with presence of same amount of
nanocatalysts CoO,/MCNTs (7/5), CoOy, CoO,/GO (7/5) supported on ITO glass after 6.7
min for the first run; (C) Recyclability of CoO,/MCNTs (7/5) nanocatalyst supported on the
ITO glass for degradation of MB.

Firstly, the conductive multi-walled carbon nanotubes (MCNTs) were mixed with Co-
ICP and the catalytic activity of as-formed CoO,/MCNTs nanocomposites towards the
oxidation of MB by PMS was investigated. As demonstrated in Fig. S1A, B, within 6.7 min,
94.7 % MB (2.0 mL, 20 mg L") could be degraded by PMS with the presence of
CoO,/MCNTs nanocatalysts, which was higher than that of the CoO, NPs (92.3%), but lower
than CoOx/GO nanocatalyst (100%). The stability of CoO,/MCNTs nanocatalyst supported
on ITO glass was also tested (Fig. S1C). After the 3™ run, the degradation efficiency was
decreased to 14.9%, which was much lower than CoO,/GO nanocatalyst (100%) (Fig. 7).
The superiority of CoO,/GO nanocatalyst may ascribe to the fact that two-dimensional

structure of GO make it easily accessible for the deposition of CoOy and increased the

Il co0 /MCNTSs



robustness of the catalysts on ITO glass and their extraordinary adsorption capacity
significantly promoted the dyes to accumulate on the surface of the catalyst and approached
to the active oxidants. Consequently, GO was chosen as a matrix and mixed with Co-ICP as
a precursor to obtain CoO,/GO nanocatalyst supported on ITO glass for catalytical oxidative

degradation of colored wastewater.
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Fig. S2. Effect of different mass ratio of Co-ICPs to GO (2/1, 5/3, 7/5, 6/5 and 1/1) on the
degradation of MB (Condition: Cyp = 20 mg L!; CoO,/GO = 0.5 mg; PMS = 0.5 mmol L-!;
pH = 7.0; T = 60 °C).
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Fig. S3. UV-vis spectra of 2.0 mL wastewater textile-1 (A), textile-2 (B) and cosmetic (C) in
reactor constructed by ITO glass with CoO,/GO catalyst supported on. UV-vis spectra were
consecutively recorded every 0.5 min shortly after the addition of PMS (9.3 mmol L' for

textile-1, 3.5 mmol L-! for textile-2, 4.2 mmol L! for cosmetic) at 60 °C.
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Fig. S4. Chromatogram of 2.0 mL MB (20 mg L) (A), wastewater textile-1 (B), textile-2 (C)
and cosmetic (D) in our reactor before (black curve) and 2 min after (red curve) the addition

of PMS (0.5 mmol L' for MB, 9.3 mmol L' for textile-1, 3.5 mmol L' for textile-2 and 4.2

mmol L-! for cosmetic) at 60 °C.
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