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Decomposition of Sulfamethoxazole by Catalytic Wet Peroxide Oxidation
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Abstract : Sulfamethoxazole (SMX) is sulfaamide-based synthetic antibiotics, which are widely prescribed pharmaceutical
compound to treat bacterial infections in both human and animals. Most of them are not completely decomposed as refractory
substances. The environmental impact of pharmaceuticals as emerging contaminants has generated severe concerns. In this study,
catalytic wet peroxide oxidation (CWPO) of SMX was carried out with Cu/Al,O; catalyst and investigated the optimum reaction
conditions of temperature, dosage of catalyst and concentration of H,O- to completely decompose the SMX. It was observed that
SMX was completely decomposed within 20 min using 0.79 mM H,0, and 6 g Cu/ALOs catalyst at 1 atm and 40 C, but SMX
was not fully mineralized and converted to intermediates as hydroylated-SMX, sulfanilic acid, 4-aminobenzenesulfinic acid and
nitrobenzene. After that these are completely mineralized through organic acid. We proposed the decomposition reaction path ways
of SMX by analyzing the behavior of these intermediates. To investigate the durability of heterogeneous catalyst, decomposition
of SMX was observed by continuously recycling catalysts. When the heterogeneous catalyst of 10 wt% Cu/Al,O3 was continuously
reused 5 times, decomposition of SMX was a little lowered, but the activity of catalyst was overall very stable.
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Figure 1. Decomposition of SMX by CWPO at 1 atm and 40 C.
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Figure 2. Decomposition of SMX with change of H,O, concentration

at 1 atm, 20 C and 2 g 10 wt% Cu/ALO; .

Zu| 54 THAFSHCWPO) 2 o] 43 Aul EAlEo] B3 295

o

1 Aoz gekE,

Figure 3% Zuj2] ofo] w2 SMX9] Haj &g orobw7]
23}o] 1 ] , 20 Coll A J_}*Pﬁ}#i =EXE 0197 mMZE 11
AAZL & 10 wt% Cw/ALO; EUjE 2, 4, 6 g2 HIIA|A
AFH Agfolrt. Zuj ofe] Z7jo] w2 SMX9] Hajgo
Figure 261 2o} vlssh) Sjel ofo] 27istolse A %
AR A ekQFT). 10 wt% Cw/ALOsZ 1) 2 g& FU3E B oF

17%, 4 g2 ZA3F AL 26%, 6 g& 93t A9 oF 44%9)
SMX Ha} &S ek we xwola Zujo ofo] 27}
alol = SMX 9] Hafgo] W AL AB}ELT) B ERA
B Z(HO) R BajHis £E7h m2l7] ugolch. whaa
SMXe] Hajuhgols Zuje} FAlsl4s Hrbs £Eo] o
o] 2 Aoz WHHE|gT)

Figue 44 £ Wilol B SN o8 doh]
A5t 171 A 10 wt% Cw/ALO; & 2 g, TALS
=525 0197 mME IAAT] & 255 20, 40, 80 T= tﬂﬁ}
A7 AR Aoty LEr} E71E4S SMXO] B &5

10 —B— 10w% CWAI,O, 29
—@— 10wi% CWAI,O, 4
—A— 10wt% CWAI,0, 6g
08
06
&°
=
(]
04
02
0.0 " 1 N 1 I 1 L 1 " 1 n
0 10 20 30 40 50 60

Time(min)

Figure 3. Decomposition of SMX with change of 10 wt% Cu/ALO;3
catalyst loading amount at 1 atm, 20 C and 0.197 mM H,0,.
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Figure 4. Decomposition of SMX with change of temperature at
1 atm, 2 g 10 wt% Cu/Al,Os3 and 0.197 mM H,0,.
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Figure 5. Effects of 10 wt% Cu/Al,Os catalysts and H>O; concentration on CWPO of SMX at 20
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Figure 6. Effects of temperature and H,O, concentration on CWPO of SMX at 2 g 10 wt% Cu/ALOs; (a) 20 C, (b)40 C,(c) 80 C.
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Figure 7. Effects of 10 wt% Cu/ALO; catalysts loading amount and temperature on CWPO of SMX at 0.197 mM H,O»; (a) 2 g 10 wt%
Cu/ALOs, (b) 4 g 10 wt% Cu/ALOs, (¢) 6 g 10 wt% Cu/ALOs.
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Figure 8. Effects of pH on CWPO of SMX at 1 atm, 40 C, 6 g 10
wt% Cu/ALO3 and 0.790 mM H,0s.
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Figure 9. Decomposition of SMX by CWPO with continuously
recycling catalysts at 1 atm, 40 C, 6 g 10 wt% Cu/ALO;
and 0.790 mM HO,.

Table 1. BET analysis of fresh and 5 times used 10 wt% Cu/ALO3

catalysts
5 times used
Sample Fresh catalyst catalyst
BET surface area (m2 g'l) 73.69 72.38
Pore volume (cm3 g‘l) 0.39 0.42
Average pore diameter (nm) 31.04 33.03




Figure 10. SEM micrographs of 10 wt% Cu/AlOs catalyst; (a)
fresh catalyst (b) 5 times used catalyst.
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Table 2. Identified intermediates of sulfamethoxazole
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Figure 11. The change of decomposition intermediates of SMX by
CWPO at 1 atm, 40 C, 6 g 10 wt% Cu/Al,Os and 0.790
mM HzOz.
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