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Abstract 

Due to the expansion of agricultural sector, a massive volume of chicken 

processing wastewater has been produced and the conventional technologies are 

ineffective to remove organic and inorganic compounds. Thus, this work 

investigates the performance for the adsorption-photocatalytic degradation of 

chicken processing wastewater using powdered activated carbon (AC) supported 

on different weightage of graphitic carbon nitride (g-C3N4) (20 wt%, 40 wt% and 

60 wt%). The AC was successfully combined with g-C3N4 by pyrolyzing the urea 

and AC mixture. The presence of AC reduced the agglomeration of g-C3N4 by 

providing a larger surface area to trigger more active sites. AC achieved the 

highest chemical oxygen demand (COD) adsorption efficiency (79.00 %) 

whereas the pure g-C3N4 showed the strongest adsorption capacity for 

orthophosphate (49.10 %) and ammonia nitrogen (NH3-N) (100 %). This proves 

that the microporous structure of AC was not suitable to remove orthophosphate 

and NH3-N. The highest photodegradation efficiency of COD (47.00 %), 

orthophosphate (49.00 %) and NH3-N (52.90 %) was successfully achieved by 

20 wt% g-C3N4/AC, g-C3N4 and 60 wt% g-C3N4/AC, respectively. Overall, 98.20 

% of COD, 98.10 % of orthophosphate and 100% of NH3-N was removed using 

integrated adsorption-photocatalytic degradation, making this technique a 

feasible method for on-site chicken processing wastewater treatment. 

Keywords: Adsorption-photocatalytic, Ammonia nitrogen, Chicken processing 

wastewater, COD, g-C3N4/AC composite, Orthophosphate.  
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1.  Introduction 

The increasing demand of chicken for human consumption contributes to the rapid 

growth of chicken processing industry. In Malaysia, the small scale of chicken 

processing industry is usually located in chicken processing stall in wet market and 

the untreated chicken wastewater is directly discharged into drainage system. 

Chicken processing effluent contains high biological oxygen demand (BOD), 

chemical oxygen demand (COD), phosphorus and nitrogen components like fats, 

oil, grease, proteins and blood [1]. Therefore, the discharge of untreated chicken 

effluent to drainage system can cause eutrophication [2], contamination of surface 

water and groundwater, and water borne diseases [3]. Conventional treatment such 

as biological method is a slow process and inefficient as some of the biological 

resistant organic compounds do not induce oxygen depletion in receiving water. 

Meanwhile, chemical treatment may consume large amount of chemicals to remove 

the undesired sludge produced and the efficiency is strongly dependent on the type 

of oxidants used [4]. 

Heterogeneous photocatalysis has been demonstrated to be a technology 

capable of removing COD, ammonia nitrogen (NH3-N) and total phosphorus in real 

wastewater [5-7]. Goutam et al. [5] reported the use of green titanium dioxide 

(TiO2) for photocatalytic treatment of tannery wastewater with 82.26% removal of 

COD. Li et al. [7] employed ternary g-C3N4/rGO/TiO2 composite to form Z-scheme 

photocatalytic system for the NH3–N removal. The obtained photocatalyst showed 

high NH3–N removal efficiencies of 93.90%, 86.23% and 90.73% for coking 

wastewaters from different plants. He et al. [6] has proved the feasibility of using 

Cu/ZnO/rGO for real domestic wastewater treatment. The results showed that the 

removal efficiency reached 84.3, 80.7 and 90.3% for COD, total nitrogen (TN) and 

total phosphorus (TP), respectively. Since the results of photocatalytic application 

in real wastewater treatment are promising, it provides an alternative to remove the 

highly refractory and multi-pollutants composition in chicken processing 

wastewater. Further, it is suitable for on-site chicken processing wastewater 

treatment in the wet market as there is no secondary pollution will be generated [8] 

and the natural sunlight can be utilized as the energy source for photocatalysis. 

Some semiconductors such as ZnO [9], TiO2 [10], WO3 [11] and SnO2 [12] 

possess a large energy band gap which can only be energized by UV light. Besides, 

photocatalytic process consumes a long residence time to ensure the pollutants have 

been completely degraded [13]. In this context, metal-free photocatalyst g-C3N4 

which belongs to carbon-based nanomaterials has gained much attention for its 

good chemical and thermal stability, low cost, moderate band gap (~ 2.7 eV) and 

environmentally friendly properties [14, 15]. Benefiting from its excellent visible 

light harvesting ability, g-C3N4 are widely applied in the fields of environmental 

remediation [16], water-splitting [17], energy conversion [18], biological and 

biomedical application [19]. However, g-C3N4 has low surface area due to the 

aggregated form in bulk usage which reduces the active sites for interfacial 

reactions, leading to low photocatalytic efficiency [20].  

Aggregation of photocatalysts could be avoided by the uniform distribution of 

photocatalysts on the surface of a substrate such as silica [21], zeolite [22], polymers 

[23] and activated carbon (AC) [24]. Among the supporting substrates, AC is an 

efficient adsorbent for the removal of water pollutants because of its porous structure, 

large specific surface area, high thermal stability and variable surface chemical 
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composition [25, 26]. Despite the advantage of low cost and strong adsorption 

capacity, the adsorption sites of AC can be saturated with pollutant and thus shorten 

the lifetime of AC. Therefore, adsorbent and photocatalyst can be integrated in one-

step adsorption-photocatalytic process to utilize the advantages of both materials such 

as high porosity, large surface area of adsorbent and strong oxidizing radicals of 

visible light-active photocatalyst. Chen et al. [27] claimed that the support of g-C3N4 

on AC decreased the aggregation of g-C3N4 and increased the surface area of the 

composite and thus reducing the recombination rate of electron-hole pairs. The 

obtained composite successfully removed 100% of phenol in 160 min. Ao et al. [28] 

prepared TiO2/AC using microwave-assisted heating and for the removal of 

tetracycline. They found that AC could act as an electron shuttle to transfer electron 

from TiO2 to AC and enhanced the separation of electron-hole pairs, reaching 88% 

removal of tetracycline.  

Numerous efforts have been done to improve the visible light absorption 

properties and to prolong the lifespan of charge carriers of g-C3N4 by coupling with 

other semiconductors, carbon nanomaterial and metal doping [29-31]. The results 

are promising but the performance is still far from satisfactory to achieve the 

industry scale requirement. This is because the real wastewater contains high 

concentration of pollutants which is hardly treated by photocatalyst with slow 

kinetics and low adsorption ability. The combination of adsorbent and 

photocatalyst provides an alternative to increase the mass transfer from the solution 

to adsorption sites and to reduce the release of by-products into the solution [32].  

In this work, an integrated adsorption-photocatalytic system was designed to 

treat chicken processing wastewater which consists of highly refractory and multi-

pollutants composition. Powdered activated carbon (AC) and g-C3N4 was 

employed as adsorbent and photocatalyst, respectively to fabricate a hybrid 

composite namely g-C3N4/AC. The pollutant molecules containing in the chicken 

processing wastewater are firstly adsorbed by AC then oxidized by the 

photogenerated reactive oxidizing species on the surface of g-C3N4. The resulting 

hybrid composite provided the adsorption sites for the accumulation of molecules 

which further underwent photodegradation under the irradiation of LED light. The 

novelty of this work highlights the potential of g-C3N4/AC to advance current 

approaches to real wastewater treatment. Although similar composite system was 

recently adopted for the removal of enrofloxacin [33] and ciprofloxacin [32], the 

feasibility of using such composite for real wastewater treatment containing various 

type of contaminants is questionable. Thus, we filled in the gap of studies by 

investigating the removal of COD, NH3-N and orthophosphate in chicken 

processing wastewater that is rarely reported in adsorption-photocatalytic system. 

This represents an important knowledge gap regarding g-C3N4/AC as an emerging 

material with dual function for water remediation.  

2. Materials and Methods 

2.1. Chemicals  

Chicken processing wastewater was collected from Sungai Long’s wet market 

located at Kajang, Malaysia. All the chemical reagents used were of analytical 

grade and purity. Distilled water was used throughout the experiment. Urea powder 

(Merck, >99 %) was used as the precursor to synthesize g-C3N4 through pyrolysis 

method. Activated carbon powder (R&M Chemical, >99 %) was used as adsorbent 
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of contaminants in chicken processing wastewater. Low range chemical oxygen 

demand (COD) digestion reagent vials (HACH) were used to measure the amount 

of oxygen that is depleted in a body of receiving water by the organisms from 

chicken processing wastewater. Phosphate reagent powder pillow (HACH) was 

used to analyse the orthophosphate content in the chicken processing wastewater. 

Ammonium cyanurate reagent powder pillow and ammonium salicylate reagent 

powder pillow (HACH) were used to analyse the NH3-N content in the chicken 

processing wastewater. 

2.2. Synthesis of g-C3N4/AC composites 

Firstly, urea powder was wrapped with an aluminium foil and put into an alumina 

crucible with a cover to avoid urea from over reacting with oxygen. The crucible 

was then calcinated at 550 °C in a muffle furnace (Wise Therm) for 3 h and g-C3N4 

was then collected as pale yellowish product [16]. Then, 10 g of AC was dissolved 

in the 10 mL of distilled water to form AC solution. In order to prepare 20 wt% g-

C3N4/AC composite, 2.50 g of urea powder was mixed into the AC solution. The 

suspension was stirred vigorously using a magnetic stirrer (HTS-1003) for 24 h 

under room temperature to achieve homogenous mixing. After that, the suspension 

was dried in an oven (Memmert) at 80 °C for overnight [33]. The dried composite 

was then further calcinated at 550 °C in a muffle furnace for 3 h. The procedures 

were repeated by varying the weight percentage of g-C3N4 to synthesize 40 wt% 

and 60 wt% g-C3N4/AC composites accordingly.  

2.3. Characterisation 

The BET (micromeritics ASAP 2020) specific surface area of the prepared 

composites were demonstrated by nitrogen adsorption-desorption analysis at -

195.791 °C. The functional group of the prepared composites were analysed using 

FTIR (Nicolet iS10) spectroscopy with the wavelength in the range of 500 – 4000 

cm-1. Besides, the crystallite structure was analysed using XRD (Shimadzu XRD-

6000) in the range of 10-80° with the rate of 2°/min. Moreover, the surface 

morphology and elemental composition was observed using SEM and EDX, 

respectively (Hitachi, S-3400N, Ametek). The zeta potentials of the prepared 

samples were measured using a zeta potential analyser (Malvern, Zeta Sizer Nano 

ZS). The powder sample was ultrasonicated in water suspension and then the zeta 

potential was measured in triplicate at the initial pH value. 

2.4. Adsorption-photocatalytic degradation of chicken processing wastewater 

The adsorption and photocatalytic performance of the synthesized catalysts were 

evaluated using chicken processing wastewater as model pollutant. 200 mL of 

chicken processing wastewater was added with 1.20 g of 20 wt% g-C3N4/AC. The 

chicken processing wastewater was then stirred magnetically and collected at every 

2 h in the dark condition for 26 h to reach adsorption-desorption equilibrium. The 

adsorption capacity is calculated using Eq. (1): 

Adsorption efficiency (%) = 
𝐶0−𝐶𝑡

𝐶𝑜
× 100%                                                          (1) 

where: C0 = initial concentration of pollutant before dark adsorption (mg/L) and Ct 

= concentration of pollutant after 26 h of dark adsorption (mg/L). 
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Following the dark adsorption, the beaker was then irradiated by LED light 

(Philips) to proceed photocatalytic process for 3 h in which each chicken processing 

wastewater samples were collected at every 30 min interval. Photocatalytic 

efficiency is calculated using Eq. (2):  

Photocatalytic efficiency (%) = 
𝐶0−𝐶𝑡

𝐶𝑜
× 100%                                                       (2) 

where: C0 = concentration of pollutant after 26 h of dark adsorption (mg/L) and Ct 

= concentration of pollutant after 3 h of photocatalytic degradation (mg/L) 

After photocatalytic-adsorption, the catalyst was then separated out from the 

treated wastewater using centrifuge (Sigma 3-18K) at 12000 rpm for 15 min. All 

the wastewater samples collected were analysed by carrying out COD, 

orthophosphate and NH3-N test accordingly. Similar experimental procedures were 

repeated for AC, g-C3N4, 40 wt% g-C3N4/AC and 60 wt% g-C3N4/AC. The COD, 

orthophosphate and NH3-N of the treated chicken processing wastewater were 

measured by using spectrophotometer (HACH DR 3900). COD was determined 

using Reactor Digestion Method (Method: 8000); orthophosphate was measured 

using PhosVer 3 Method (Method: 8048); while NH3-N was measured using 

Salicylate Method (Method: 8155). The experiment setup for photocatalytic-

adsorption process is shown in Fig. 1. 

 

Fig. 1. Experimental setup for photocatalytic-adsorption process. 

3. Results and Discussion 

3.1. Brunauer-Emmett-Teller (BET) specific surface area 

Table 1 shows that the specific surface area for different weight percentage of g-

C3N4/AC composites was much larger than the bulk g-C3N4. This was attributed to 

the presence of AC which inhibited the agglomeration of g-C3N4 [27]. Activated 

carbon with higher specific surface area could act as a support catalyst to increase 

the surface area of g-C3N4 from 74.7993 m2/g to the maximum of 1124.4379 m2/g. 

The enhancement in the surface area could create more active sites for the 

adsorption and improved the adsorption capability of the composites for the 

subsequent photocatalytic reaction. Both of AC and g-C3N4/AC composites 

exhibited microporous structure with pore size less than 2 nm, while g-C3N4 

possessed mesoporous structure with pore size of 25.3242 nm [34]. As shown in 

Figs. 2(a) and (b), all g-C3N4/AC composites exhibited type IV nitrogen sorption 

isotherm with an obvious hysteresis loop which is similar to AC. This shows that 

microporous structure of AC did not collapse or deteriorate after the addition of g-

C3N4. The decrement of specific surface area and total pore volume with the 

increasing weight percentage of g-C3N4 in the composites suggested the 
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incorporation of g-C3N4 into the matrix of AC during pyrolysis [35]. Among the 

composites, 40 wt% g-C3N4/AC displayed the smallest pore size compared to that 

of 60 wt% g-C3N4/AC and 20 wt% g-C3N4/AC. This could be attributed to a higher 

oxidation occurred at 40 wt% g-C3N4/AC during thermal air oxidation in pyrolysis 

process. The EDX results (Table 2) support the BET data which indicate that 40 

wt% g-C3N4/AC possess the highest atomic percent concentration of O (8.29%), 

followed by 20 wt% g-C3N4/AC (7.81%) and 60 wt% g-C3N4/AC (2.63%). This 

explains that microporous AC in 40 wt% g-C3N4/AC experienced more 

introduction of surface oxygen group during the thermal air oxidation which 

narrowed the entry of micropores. Hence, a lower specific surface area and smaller 

pore size was observed in 40 wt% g-C3N4/AC [36].   

Table 1. BET specific surface area (SBET),  

pore volume (Vtot) and pore size (Dpore) of AC, g-C3N4,  

20 wt% g-C3N4/AC, 40 wt% g-C3N4/AC and 60 wt% g-C3N4/AC. 

Catalyst SBET (m2/g) Vtot (cm3/g) Dpore (nm) 

AC 1144.7041 0.5675 1.9831 

g-C3N4 74.7993 0.4736 25.3242 

20 wt% g-C3N4/AC 1124.4379 0.5542 1.9716 

40 wt% g-C3N4/AC 995.1877 0.4812 1.9343 

60 wt% g-C3N4/AC 996.4360 0.4927 1.9777 

 

Fig. 2. N2 adsorption isotherms of (a) AC and g-C3N4/AC composites and (b) g-C3N4. 

3.2. Fourier transform infrared (FTIR) spectroscopy 

In Fig. 3, the FTIR spectra of g-C3N4 displays a small and sharp peak located at 807 

cm-1. The sharp peak was arisen due to the triazine ring breathing vibration or 

represented as tri-s-triazine ring mode of bending [37]. Meanwhile, the small peak at 

890 cm-1 was attributed to the deformation of cross-linked heptazine [38]. Moreover, 

the stretches occurred at 1232, 1314, 1400, 1458 and 1560 cm-1 were attributed to the 

aromatic C-N bonding [39, 40]. The peak at 1629 cm-1 was correspondent to the C=N 

stretching vibration mode [41]. Besides, the spectra showed the C=O and C=C 

bonding at around 1629–1790 cm-1. The broad peak that centred at 3172 cm-1 was 

counted as the stretching mode of the N-H bond. Furthermore, g-C3N4/AC 

composites shows a similar characteristic band as g-C3N4 in which the C-N and C=N 

bonds were observed at around 1300–1560 cm-1. The detection of the characteristic 

peaks which are C-N and C=N bonds were identified in the g-C3N4/AC composites 
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and thus; the g-C3N4 was said to be successfully supported on the AC. The absence 

of new absorption peak in the composite indicated that the g-C3N4/AC composite is 

a physical mixture and did not display chemical bonding between g-C3N4 and AC. 

This results support evidence from previous observations [27].  

The FTIR spectra of the spent catalysts (Fig. 4) shows that the characteristic 

peaks of the g-C3N4 and g-C3N4/AC composites remained unchanged after 

adsorption-photocatalytic degradation process. However, there is a small peak 

observed at around 2343–2346 cm-1 which represents the presence of O=C=O. This 

indicates that the organic compounds in the chicken processing wastewater were 

oxidized and formed CO2 [42]. The occurrence of the small peak at around 1040 

cm-1 was attributed to the presence of the orthophosphate group (PO4
3-). This shows 

that orthophosphate was successfully adsorbed onto the surface of the composites 

after the adsorption-photocatalytic degradation of chicken processing wastewater. 

The additional peaks appearing for 60 wt% g-C3N4/AC at 1157.97 cm-1, 1458.28 

cm-1 and 1740.41 cm-1 were ascribed to C-O, C-H and C=O bending, respectively. 

While the peaks around 2500-3000 cm-1 confirmed the presence of C-H stretch [43]. 

These peaks corresponded to the strong adsorption of organic substances in chicken 

processing wastewater such as blood, flesh and fat onto the surface of 60 wt% g-

C3N4/AC. This corroborates the COD adsorption efficiency in Fig. 7 in which a 

higher COD adsorption capacity was obtained by 60 wt% g-C3N4/AC. 

 

Fig. 3. FTIR spectra of (a) 20 wt% g-C3N4/AC,  

(b) 40 wt% g-C3N4/AC, (c) 60 wt% g-C3N4/AC, (d) AC and  

(e) g-C3N4 before chicken processing wastewater treatment. 

 

Fig. 4. FTIR spectra of (a) 20 wt% g-C3N4/AC,  

(b) 40 wt% g-C3N4/AC, (c) 60 wt% g-C3N4/AC, (d) AC and  

(e) g-C3N4 after chicken processing wastewater treatment. 
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3.3. Scanning electron microscopy (SEM) and energy dispersive X-ray (EDX) 

From Fig. 5(a), it was observed that g-C3N4 had a wrinkled surface with an average 

particle size of 1-3 μm. However, it agglomerated and displayed an irregular 

lamellar structure. The g-C3N4 possessed a larger pore size, and this was supported 

by BET analysis showing that the pore size of g-C3N4 was 25.3242 nm (mesoporous 

structure). The microporous structure of AC was clearly seen in Fig. 5(b) which 

was consistent with its high specific surface area (1144.7041 m2/g) and pore size 

of 1.9831 nm. Figs. 5(c) to (e) show that the surface morphological structure of all 

g-C3N4/AC composites was rougher than g-C3N4. Activated carbon which had a 

larger surface area could act as a support for the dispersion of g-C3N4 to prevent 

the self-aggregation of g-C3N4. This statement was supported by the larger specific 

surface area found on g-C3N4/AC composites compared to that of g-C3N4. Table 2 

shows the presence of C, N and O element in g-C3N4 and g-C3N4/AC composites. 

The C and N element was originated from g-C3N4 while the detection of O element 

was due to the oxidation of urea during pyrolysis. There was a small percentage of 

N element detected in the composites due to the low yield rate of urea to g-C3N4. 

The N element increased with the increasing of weight percentage of g-C3N4 in the 

composite. In addition, there was only C and O elements detected in the AC. 

Table 2. Elemental composition of the synthesized samples. 

Catalyst Elemental Composition (At. %) 

C N O 

AC 96.72 - 3.28 

Pure g-C3N4 62.21 32.70 5.09 

20 wt% g-C3N4/AC 91.17 1.01 7.81 

40 wt% g-C3N4/AC 90.47 1.25 8.29 

60 wt% g-C3N4/AC 95.02 2.35 2.63 

 

Fig. 5. SEM image of (a) g-C3N4, (b) AC, (c) 20 wt% g-C3N4/AC,  

(d) 40 wt% g-C3N4/AC, and (e) 60 wt% g-C3N4/AC. 
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3.4. X-ray diffraction (XRD) 

The characteristic peaks of g-C3N4 were observed at around 12.9° and 27.3° in Fig. 

6. A weak peak at 12.9° with the interplanar spacing of 0.688 nm was attributed to 

the (1 0 0) plane structural packing motif of tri-s-triazine units. Meanwhile, a strong 

and sharp peak at 27.3° with interplanar spacing of 0.326 nm revealed the presence 

of (0 0 2) lattice plane of the stacking graphitic aromatic (C-N) compounds [44, 45]. 

The extent of the graphitization could be determined by the sharpness of the (0 0 2) 

interlayer-stacking peak. It indicates that the carbon nitride was exhibited in a more 

graphitic nature as compared to the normal polymer-based carbon [46]. The AC 

exhibited two characteristic peaks at around 24.9° and 44.1° which reveal the 

existence of graphitic structure corresponding to (0 0 2) and (1 0 0) planes, 

respectively [47, 48]. All g-C3N4/AC composites displayed broad peaks at 25.0° 

and 44.0° which was mainly attributed to the graphitic structure in AC. The 

intensity of g-C3N4 characteristic peak was insignificant for g-C3N4/AC, implying 

the reduction of crystallization and polymerization of the composites [49]. It could 

be also due to the lower amount of g-C3N4 in the composites. 

 

Fig. 6. XRD patterns of (a) AC, (b) 20 wt% g-C3N4/AC,  

(c) 40 wt% g-C3N4/AC, (d) 60 wt% g-C3N4/AC and (e) g-C3N4. 

3.5. Adsorption-photocatalytic degradation of chicken processing wastewater  

3.5.1. COD removal 

Figure 7(a) shows that AC achieved the highest COD removal efficiency in the 

dark adsorption, indicating that AC removed up to 79 % of organic compounds in 

the chicken processing wastewater. The achievement of the highest COD removal 

efficiency by AC in the dark adsorption was attributed to its highest specific surface 

area (1144.7041 m2/g) which adsorbed more organic compounds onto its surface. 

Overall, the COD removal efficiency of the synthesized catalyst in dark adsorption 

follows the sequence of AC (79.00 %) > 60 wt% g-C3N4/AC (66.90 %) > 40 wt% 

g-C3N4/AC (62.10 %) > g-C3N4 (34.50 %) > 20 wt% g-C3N4/AC (25.30 %). As 

shown in Fig. 7(c), both of 40 wt% g-C3N4/AC and 60 wt% g-C3N4/AC exhibited 

higher COD removal performance than that of g-C3N4 in the dark adsorption 

because they had higher specific surface area compared to other catalysts. Thus, 
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more organic compounds could be adsorbed onto the surface of the composites. In 

comparison with 40 wt% g-C3N4/AC, 60 wt% g-C3N4/AC exhibited a higher COD 

removal efficiency owing to its micropore size diameter (1.9777 nm) which was 

more favourable for the adsorption of organic compounds. However, 20 wt% g-

C3N4/AC demonstrated the lowest COD removal efficiency in the dark adsorption 

which could be due to the lattice deformation of carbon nitride [50]. The COD 

removal efficiency by photocatalytic degradation follows the trend of 20 wt% g-

C3N4/AC (47.00 %) > g-C3N4 (40.60 %) > 60 wt% g-C3N4/AC (31.30 %) > 40 wt% 

g-C3N4/AC (13.40 %) > AC (11.90 %) > blank (0.10 %) (Fig. 6(b)). The 

significantly enhanced photocatalytic efficiency of g-C3N4 (40.60 %) was attributed 

to the promotion of visible-light harvesting. Photocatalytic performance of 40 wt% 

g-C3N4/AC and 60 wt% g-C3N4/AC were poorer than that of 20 wt% g-C3N4/AC 

due to the higher loading of g-C3N4 which might lead to the saturation of the 

number of photos and light blockage [51]. Hence, the photoactivity was gradually 

reduced on the active sites of g-C3N4 and hampered the photocatalytic performance 

of 40 wt% g-C3N4/AC and 60 wt% g-C3N4/AC.  

 

Fig. 7. (a) COD removal efficiency by (a) dark adsorption,  

(b) photocatalytic degradation and (c) comparison bar chart for  

adsorption-photocatalytic degradation of chicken processing wastewater. 

3.5.2. Orthophosphate removal  

As shown in Figs. 8(a) to (c), the orthophosphate removal efficiency by dark 

adsorption follows the sequence of g-C3N4 (49.10 %) > AC (28.30 %) > 40 wt% g-

C3N4/AC (27.90 %) > 60 wt% g-C3N4/AC (15.40 %) > 20 wt% g-C3N4/AC (10.70 

%). Meanwhile, the orthophosphate removal efficiency by photocatalytic degradation 

follows the sequence of g-C3N4 (49.00 %) > 40 wt% g-C3N4/AC (16.10 %) > AC 

(13.90 %) > 20 wt% g-C3N4/AC (12.00 %) > 60 wt% g-C3N4/AC (7.60 %) > Blank 

(1.10 %). These results suggest that g-C3N4 reached the highest orthophosphate 
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removal efficiency in the dark adsorption (49.10 %) and photodegradation (49.00 %) 

compared to other catalysts. The pore size of g-C3N4 was 25.3242 nm (Table 1) which 

was larger than 10 nm. Such mesoporous structure was beneficial for the 

advancement of orthophosphate’s adsorption rate [52]. The AC could only remove 

28.30 % of orthophosphate in the dark adsorption because its pore size (1.9831 nm) 

were too small for the orthophosphate ions (PO4
3-) to be adsorbed onto its micropores. 

Similar observation was reported by other researchers [52, 53].  

 

Fig. 8. (a) Orthophosphate removal efficiency by (a) dark adsorption,  

(b) photocatalytic degradation and (c) comparison bar chart for  

adsorption-photocatalytic degradation of chicken processing wastewater. 

Despite of electrostatic repulsion of PO4
3-, adsorption of small quantities of PO4

3- 

could still occur due to the protonation of incomplete condensation of the amino groups 

on the surface of g-C3N4 in aqueous suspension. The existence of the deformation mode 

of N–H is shown at 890 cm-1 in FTIR. The interaction between the amine groups 

(CNH2, C2NH) with hydrogen ions and hydroxyl ions resulted in the formation of the 

respective positively and negatively charged amine groups [54]. The negative zeta 

potential of g-C3N4 (-17.30 mV) and 60 wt% g-C3N4/AC (-8.40 mV) caused the 

electrostatic repulsion of PO4
3-. However, small quantity of PO4

3- could still be adsorbed 

owing to the electrostatic attraction between the protonated amine groups and PO4
3-. It 

was noticeable that the g-C3N4/AC composites did not show significant improvement 

in the dark adsorption of orthophosphate, although the incorporation of AC enhanced 

the specific surface area of g-C3N4. The average pore size of the g-C3N4/AC composites 

were less than 2 nm (Table 1) which are of microporous structure and thus, the pore 

size was not large enough to allow the adsorption of PO4
3-. This resulted in the trivial 

improvement of photocatalytic performance.  

3.5.3. Ammonia nitrogen removal 

As shown in Figs. 9(a) to (c), the NH3-N removal efficiency by dark adsorption 

follows the sequence of g-C3N4 (100 %) > 40 wt% g-C3N4/AC (60.00 %) > AC 
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(50.00 %) > 20 wt% g-C3N4/AC (34.60 %) > 60 wt% g-C3N4/AC (29.20 %). In 

comparison to orthophosphate removal, all samples displayed a better adsorption 

capacity towards positively ammonium ions (NH4
+). This is because all samples 

possess negative zeta potential which helps to promote the adsorption of NH4
+ 

through the electrostatic attraction. The zeta potential of AC, g-C3N4 and 60 wt% 

g-C3N4/AC is -55.30 mV, -17.30 mV and -8.40 mV, respectively. Among these 

samples, g-C3N4 was able to remove up to 100 % of NH3-N in the dark adsorption. 

Among the composites, 40 wt% g-C3N4/AC demonstrated the highest NH3-N 

removal efficiency (60.00 %) in the dark adsorption. Oxidation during pyrolysis 

process increased electronegative oxygen surface group on 40 wt% g-C3N4/AC 

(8.29 %) (Table 2) and thus promoting the electrostatic attraction between the 

positively ammonium ions (NH4
+) and electronegative oxygen surface group. For 

the photocatalytic degradation performance (Fig. 9(b)), 60 wt% g-C3N4/AC 

exhibited the highest NH3-N removal efficiency (52.90 %), followed by AC (40.00 

%), 20 wt% g-C3N4/AC (34.00 %), 40 wt% g-C3N4/AC (12.50 %) and the blank 

(5.30 %). In this case, the photocatalytic degradation rate of NH3-N was highly 

dependent on the adsorption capacity of NH3-N onto the surface of the composite. 

Obviously, the higher adsorption capacity of NH3-N could lead to a lower 

degradation efficiency because the active sites of composite was saturated with 

NH3-N. Hence, the photonic efficiency was reduced and the photocatalyst was 

deactivated [55]. The overall performance of the prepared composites for chicken 

processing wastewater treatment under the dark adsorption and photocatalytic 

degradation is summarized in Table 3. It summarizes that integrated adsorption-

photocatalytic degradation successfully removed 98.20 %, 98.10 % and 100% of 

COD, orthophosphate and NH3-N, respectively. This work provides a feasible 

solution for on-site chicken processing wastewater treatment in the wet market. 

 
Fig. 9. (a) Ammonia nitrogen removal efficiency by (a) dark adsorption,  

(b) photocatalytic degradation and (c) comparison bar chart for  

adsorption-photocatalytic degradation of chicken processing wastewater. 
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Table 3. Performance of various catalyst in  

chicken processing wastewater treatment. 

Type of 

Catalyst 
Parameter 

Adsorption 

Efficiency (%) 

Photodegradation 

Efficiency (%) 

Total Removal 

Efficiency (%) 

Blank COD - 0.10 0.10 

 Orthophosphate - 1.10 1.10 

 NH3-N - 5.30 5.30 

AC COD 79.00 11.90 90.90 

 Orthophosphate 28.30 13.90 42.20 

 NH3-N 50.00 40.00 90.00 

g-C3N4 COD 34.50 40.60 75.10 

 Orthophosphate 49.10 49.00 98.10 

 NH3-N 100 - 100 

20 wt% g-

C3N4/AC 

COD 25.30 47.00 72.30 

Orthophosphate 10.70 12.00 22.70 

NH3-N 34.60 34.00 68.60 

40 wt% g-

C3N4/AC 

COD 62.10 13.40 75.50 

Orthophosphate 27.90 16.10 44.00 

NH3-N 60.00 12.50 72.50 

60 wt% g-

C3N4/AC 

COD 66.90 31.30 98.20 

Orthophosphate 15.40 7.60 23.00 

NH3-N 29.20 52.90 82.10 

4. Conclusions 

In summary, the g-C3N4/AC composites with different loading of g-C3N4 (20 wt%, 

40 wt% and 60 wt%) were successfully synthesized via pyrolysis of urea and 

activated carbon mixture.  

In the presence of AC, all g-C3N4/AC composites exhibited a higher specific 

surface area with average pore size of ~ 1.96 nm. 20 wt% g-C3N4/AC, g-C3N4 and 

60 wt% g-C3N4/AC demonstrated the highest photodegradation efficiency for COD 

(47.00 %), orthophosphate (49.00 %) and NH3-N (52.90 %).  

AC achieved the highest adsorption efficiency for COD at 79% and g-C3N4 

displayed exceptional effectiveness in adsorbing orthophosphate (49.1%) and NH3-

N (100%). The microporous structure contributed significantly to the enhancement 

of adsorption capacity towards COD but the excessive loading of g-C3N4 (40 wt% 

and 60 wt%) reduced the photodegradation of COD.  

The microporous structure did not facilitate the enhancement of orthophosphate 

removal. The increased adsorption capacity of NH3-N in 40 wt% g-C3N4/AC (60 

%) subsequently contributed to a reduction in photocatalytic performance (12.5 %). 

Overall, 98.20 % of COD, 98.10 % of orthophosphate and 100% of NH3-N was 

successfully removed using integrated adsorption-photocatalytic degradation. The 

total removal efficiency of both COD and NH3-N consistently displayed a good 

corelation with the amount of g-C3N4 employed. 
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Nomenclatures 
 

C0 Initial concentration of pollutant, mg/L 

Ct Concentration of pollutant after adsorption / photocatalysis, mg/L 

Dpore Pore size, nm 

SBET BET specific surface area, m2/g 

Vtot Pore volume, cm3/g 
 

Abbreviations 

AC Powdered Activated Carbon  

BET Brunauer-Emmett-Teller 

BOD Biological Oxygen Demand 

COD Chemical Oxygen Demand 

EDX Energy Dispersive X-Ray  

FTIR Fourier Transform Infrared 

g-C3N4 Graphitic Carbon Nitride  

NH3-N Ammoniacal nitrogen 

rGO Reduced Graphene Oxide  

SEM Scanning Electron Microscopy 

SnO2 Tin(IV) Oxide 

TiO2 Titanium Dioxide 

TN Total Nitrogen 

TP Total Phosphorus 

UV Ultraviolet  

WO3 Tungsten(VI) Oxide 

XRD X-Ray Diffraction 

ZnO Zinc Oxide 
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