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Abstract

Tetracycline (TC) is one of the most prevalent antibiotics which is used to treat the infectious

diseases. Entrance of this pharmaceutical compound to the environment can lead to numerous
problems. Therefore, this study was conducted with the aim of evaluation of the removal
efficacy of TC by sonocatalytic process using samarium-doped zinc sulfide (Sm-ZnS). In this
study, Sm-ZnS nanoparticles were synthesized through an ultrasound-assisted co-precipitation
method and were used for sonocatalytic degradation of TC. The sonocatalytic experiments were
conducted in a flask equipped with a water bath under the ultrasonic (US) waves resulting from
a probe at different operational conditions. The results showed that the degradation efficiency
increases with the increase of catalyst amount (0.2-1 g/L), US power (30-50 W) and time (10-30
min), and reduces with the increment of the TC initial concentration (10-30 mg/L). Modeling
and optimization of the process by response surface methodology revealed that under the
optimum conditions ([TCJ,= 15 mg/L, [Sm-ZnS],= 0.4 g/L, US power= 45 W and t= 15 min),
degradation efficiency reached 97%. Kinetics studies showed that the sonocatalytic process
follows the pseudo-first-order model with the rate constant of 0.223 min™'. Based on the results
it can be concluded that the sonocatalytic process using Sm-ZnS catalyst can be used as an
effective and available method to remove TC from sewage and pharmaceutical wastewater.
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2 5 25 0.4 15 35 64.62 61.95
3 28 15 0.8 15 35 95.52 92.31
4 25 25 0.8 15 35 81.3 80.79
5 24 15 0.4 25 35 80.11 78.08
6 8 25 0.4 25 35 71.45 67.97
7 30 15 0.8 25 35 95.77 95.48
8 9 25 0.8 25 35 89.47 87.28
9 12 15 0.4 15 45 98.37 97.46
10 15 25 0.4 15 45 93.98 91.78
11 7 15 0.8 15 45 97.02 98.01
12 25 0.8 15 45 95.32 94.24
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Fig 2. (a) UV-DRS spectra and (b) Tauc-Mott's plot of synthesized ZnS and Sm-ZnS samples
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Table 3. ANOVA results for predicted model

Source Sum of squares Df Mean square F-value p-value
Model 3206.54 14 229.04 25.08  <0.0001
A: [TC]o 288.84 1 288.84 31.62 <0.0001
B: [Sm-ZnS], 591.83 1 591.83 64.80 <0.0001
C: Time 41.76 1 41.76 4.57 0.0494
D: Power 1499.74 1 1499.74 16420 <0.0001

AB 3.67 1 3.67 0.4015  0.0359

AC 11.02 1 11.02 1.21 0.2893

AD 60.14 1 60.14 6.58 0.1215

BC 0.2209 1 0.2209 0.0242  0.8785

BD 268.14 1 268.14 29.36 0.2153
CD 15.29 1 15.29 1.67  <0.0001

A? 25.07 1 25.07 2.74 0.1183

B? 13.59 1 13.59 1.49 0.2413

C? 342.31 1 342.31 37.48 0.1901

D? 5.86 1 5.86 0.6418  0.4356

Residual 137.01 15 9.13
Lack of fit 133.69 10 13.37 2.15 0.0020
R’=0.9590 Adjusted R*= 0.9208
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Fig 5. Interaction effect of (a) initial concentration of TC and Sm-ZnS amount,
(b) time and US power on degradation efficiency
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