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Sludge is the residual by-product generated during the wastewater treatment process (Edwards et al., 
2017). Wastewater treatment produces large amount of sludge depending on their on the contents, the 
process of stabilization, the reagents used and how much volume is reduced (Roychoudhury and Das, 
2022). Sometimes it contains many contaminants including many microbial bacteria which makes it 
unable to dispose it as it is (Nascimento et al., 2018). The quantity of dry sludge solids generated per 
million litres of sewage water generated per day various from 200 to 400 kg. Reusing such sludge for 
alternative applications enhances waste valorisation. Sludge generated from the sewage treatment plants 
are a great concern for its safe disposal, even though the sludge is a resourceful material. 

Herein the sewage sludge collected from a sewage treatment plant is pylorized to get carbon rich residue 
called  biochar  which  is  then  doped  and  magnetised  to  produce  Nitrogen  and  Phosphorus  doped 
magnetic biochar (NPMBC). The sludge used in this study was obtained from the sewage treatment  
plant of the boys’ hostel at NIT Calicut. The collected sludge was initially oven-dried at 105 °C to 
remove  its  moisture  content.  The  temperatures  required  for  carbonization  and  pyrolysis  were 
determined using thermogravimetric analysis  (TGA). The thermogravimetric analysis (TGA) of the 
sludge provides clear evidence of the thermal stability and composition changes during pyrolysis. When 
the temperature approaches 650°C, the curve stabilizes, indicating the completion of devolatilization 
and the formation of a carbon-rich solid residue. This stabilization confirms that pyrolysis successfully 
converts the sludge into a stable carbonaceous framework suitable for catalytic modification. From this 
the temperature for carbonisation and pyrolysis is fixed as 450˚C and 650˚C respectively.

Based on the TGA analysis the dried sludge was first carbonized at 450 °C and subsequently mixed 
with ammonium polyphosphate (APP) in a 2:1.1 ratio. This mixture was then pyrolyzed in a tubular  
furnace under a nitrogen atmosphere at 650 °C for 2 hours to obtain N, P co-doped biochar (NPBC). 
Magnetization  of  the  biochar  was  carried  out  using  the  co-precipitation  method.  Ferric  chloride 
hexahydrate (FeCl₃·6H₂O) and ferrous chloride tetrahydrate (FeCl₂·4H₂O) were dissolved in deionized 
water in a 1:2 ratio of Fe3+: Fe2+ and stirred for 1 hour. Comprehensive characterization of the NPMBC 
using FTIR, XRD, SEM and EDS confirmed successful incorporation of N, P, and Fe species which 
enhances surface functionalities that are important for catalytic activities. As shown in Fig. 1, the FTIR 
spectrum of the NPBC exhibits several newly formed functional groups in comparison with raw sludge 
and  carbonized  sludge,  where  these  features  are  either  absent  or  only  weakly  present.  Distinct 
absorption  bands  corresponding  to  C–N  stretching,  N–H  vibrations,  and  phosphorus-related 
functionalities such as P–O, P=O, and P–O–C linkages are clearly observed in the doped sample, 
confirming the effective incorporation of nitrogen and phosphorus containing species into the carbon 
framework during the doping process. Additionally, the presence of iron oxide phases (Fe₃O₄ or Fe₂O₃) 
anchored on the biochar surface is evidenced by a strong and sharp Fe–O vibration band in the FTIR 
spectrum of the magnetized biochar. X-ray diffraction (XRD) patterns show a broad diffraction hump 
between 20-30° which is typical of amorphous carbon commonly found in biochar. The appearance of 
distinct, sharp peaks at 33°, 35.5°, 49°, 54°, and 62-64° present in Fig. 1f corresponds to crystalline α-
Fe₂O₃ (hematite).
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Fig. 1 FTIR spectra of a) carbonised sludge b) NPMBC and, c) Concentration of CIP w.r.t 

time in Electro-Fenton process at 15mA/cm2

The  SEM  and  EDX  analysis  confirmed  the  successful  incorporation  of  N,  P,  and  Fe  species, 
development of a porous carbon matrix, and enhancement of surface functionalities that are important 
for catalytic activities. This NPMBC is then used as a Fenton catalyst in heterogenous electro-Fenton 
process for the degradation of ciprofloxacin (CIP). The heterogeneous electro-Fenton employs a solid 
catalyst and carbon cathode for decomposing H2O2 to generate •OH. Hence, it enables easy separation 
and increases the feasibility of recycling the iron which is a crucial element in sustainable system 
operation. The Electro-Fenton process where NPMBC is used as a Fenton catalyst done at 15mA/cm2 

current  density  shows  promising  result  of  complete  degradation  in  60  minutes  under  optimized 
conditions (pH 3, 20 mg/L initial CIP concentration and 0.1 g/L catalyst added) as shown in Fig. 2. The 
catalyst is added and allowed for adsorption of 15 minutes (Optimised by adsorption study) after which 
the electro-Fenton process is started. In the heterogeneous electro-Fenton catalyst process, a complete 
(100%) CIP degradation was achieved by using NPMBC under optimum conditions of pH 3, 20 mg/L 
CIP, and 0.1 g/L catalyst.

FTIR analysis  of  the  used catalyst  has  confirmed the appearance of  functional  groups  related to 
degradation,  implying  its  active  involvement  in  H₂O₂  activation.  Magnetic  separation  using  a 
neodymium magnet enabled more than 85% catalyst recovery with minimum iron leaching, illustrating 
its  stability  and  reusability.  Overall,  the  results  elucidate  that  NPMBC  is  indeed  an  efficient,  
magnetically  recoverable,  and  sustainable  catalyst  with  strong potential  for  scalable  treatment  of 
antibiotic-contaminated wastewater.
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