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Fig. S1: Experimental set up for phenol oxidation semi-batch reactor system.
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Fig. S2: Effect of mass transfer on the conversion of phenol in aqueous solution. (phenol conc, 
1000 mg/L; volume, 200 mL; catalyst loading, 2 g/L; reaction time, 150 min; partial oxygen 

pressure, 10 bar; temperature, 100 °C).
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Fig. S3: Effect of initial pH on conversion of phenol in aqueous solution. (phenol conc, 1000 
mg/L; volume, 200 mL; catalyst loading, 2 g/L; reaction time, 150 min; partial oxygen pressure, 
10 bar; temperature, 100 °C)
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Fig. S4: Effect of initial concentration of phenol in aqueous solution. (volume, 200 mL; catalyst 

loading, 2 g/L; pH, 3.0; reaction time, 150 min; partial oxygen pressure, 10 bar; temperature 100 

°C). 
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Fig. S5: Effect of catalyst mass on conversion of phenol in aqueous solution. (phenol 
concentration, 1000 mg/L; volume, 200 mL; pH, 3.0; partial oxygen pressure, 10 bars; 
temperature, 100 °C). 



0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
0

10

20

30

40

50

60

70

80

90

100

80 90 100 110 120
0.02

0.03

0.04

0.05

0.06

0.07

0.08

k 
(m

in
-1
)

Temperature (C)

 

 
Ph

en
ol

 c
on

ve
rs

io
n 

(%
)

Time (min)

 150C
 100 C
 80 C

 

 

Fig. S6: Effect of reaction temperature on conversion of phenol in aqueous solution. (phenol 

concentration, 1000 mg/L; volume, 200 mL; pH, 3.0; reaction time, 180 min; partial oxygen 

pressure, 10 bar; catalyst loading, 2 g/L). 
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Fig. S7: Effect of oxygen partial pressure on conversion of phenol in aqueous solution (phenol 

concentration, 1000 mg/L; volume, 200 mL; pH, 3.0; reaction time, 180 min; temperature, 100 
ᵒC; catalyst loading, 2g/L). 
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Fig. S8: HPLC calibration curve for phenol.
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Fig. S9: HPLC calibration curve for acetic acid.
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            Fig. S10: HPLC calibration curve for formic acid.
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            Fig. S11: HPLC calibration curve for maleic acid.
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            Fig. S12: HPLC calibration curve for hydroquinone.

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 min

0

10

20

mV
Detector A:210nm 

           Fig. S13: HPLC calibration curve for pyrocatechol.
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           Fig. S14: HPLC calibration curve for benzoquinone.
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Fig. S15: Typical liquid chromatograms of phenol and intermediates in liquid sample. 1. Phenol; 
2. Acetic acid; 3. Hydroquinone; 4. Maleic acid; 5. Benzoquinone; 6. Pyrocatechol; 7. Malonic 
acid; 8. Formic acid; 9. Oxalic acid.
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Fig. 16: Thermogravimetric analyses (TGA) and their derivative plots (DTG) of (a) (a) natural 

bentonite clay, (b) Al-PILCs, (c) Fe-PILCs, (d) Al/Fe-PILCs (1:3), (e) Al/Fe-PILCs (1:1), (f) 

Al/Fe-PILCs (3:1) and (g) Al/Fe-PILCs (6:1).


