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Abstract 

 

The combustion method to obtain for pure graphitic carbon nitride (gCN) and two binary 

nanocomposites, gCN-Zn - gCN-Fe have been used in the present study. The structural, 

morphological, thermal and optical characterizations of the syhtesized samples were 

characterized with X-ray diffraction, scanning electron microscopy, thermogravimetric analysis 

(TGA) and UV-Vis spectroscopy. The intensity of characteristic gCN peak at (002) crystalline 

plane decrease with formation of binary nanocomposites was observed. The EDX spectra 

supports presents of Zn and Fe element in binary nanocomposites. The bandgap of pristine gCN 

is calculated as 2.75 eV and it decreases to 2.58 eV and 2.50 eV for Zn and Fe addition. The 

degradation capacity of pristine gCN and synthesized binary nanocomposites showed an 

enhanced photodegradation performance for binary composite relative to pristine gCN was 

observed. The maximum degradation performance was observed at gCN-Zn binary composite. 

The obtained composites with this simple synthesis method and cost effective raw materials 

used for the photodegradation of methylene blue dye detail.  

 

Keywords: Degradation, Zn, Fe, methylene blue (MB), graphitic carbon nitride (gCN) 

 

1. INTRODUCTION 

 

Environmental pollution is one of the 

significant problems for humans and other 

living organisms. Unfortunately, pollution 

increases in parallel to industrialization, 

which might result in pollution of water 

sources and unhealthy drinking water. To 

overcome this problem, some scientists 

focused on water treatment, especially 
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pollution originating from dyestuff. Since the 

wastewater from dye can contaminate not 

only freshwater sources but also sands, that 

may magnify the risk [1–5]. Some of the 

organics dyes are toxic, carcinogenic, and 

have mutagenic potential [6]. Considering the 

current situation of dyes, especially their 

types (more than 100,000 varied structured) 

and different application areas (textile, 

medicine, pharmaceutic, cosmetics, food, 
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printing), the importance of treatment of 

wastewater originating from dyes may 

become more evident [7–9]. Different 

methods have been utilized to degrade 

wastewater, including physiochemical and 

biological approaches; photodegradation has 

massive potential for dealing with wastewater 

since its a clean and cost-effective method 

[10–12]. 

 

Graphitic carbon nitride (gCN) is defined as 

nitrogen substituted graphane with 

anisotropic 2D geometry, and aromatic 

conjugate structure [13]. gCN has been 

considered as a promotion material due to its 

original preparation methods, high stability, 

band gap and low cost [14–16]. Moreover, the 

earth abundant nature, suitable electronic 

band position, nontoxic characteristic, 

outstanding physicochemical stability and 

admirable optical properties has considered as 

novel specifications of the gCN [17, 18]. 

Triurea, melamine, cyanamide, urea, 

ammonium thiocyanate and dicyandiamide 

are some examples of gCN precursors that are 

inexpensive and high nitrogen content 

generally used in synthesis of gCN [17]. Fast 

charge carrier recombination, small particle 

size and poor absorption coefficient of the 

gCN negatively affect the photoactivity of 

pure gCN [19–21]. Different methods have 

been utilized to overcome this shortcoming 

like fabricating nano/mesoporous structures, 

coupling with other semiconductors, noble 

metal deposition and impurity doping [22–

24]. Among them doping different elements 

like metal, metal oxide and nonmetals to the 

bulk structure results in a decrease in band 

gap and lead to enhancement of absorption of 

visible light [25]. Flower like copper/zinc 

bedecked gCN composite (gCN-CuO/ZnO) 

was fabricated and methylene blue dye (MB) 

degradation was investigated. The 

enhancement of the photocatalytic activity of 

gCN-CuO/ZnO relative to pure gCN has been 

observed [26]. H2 release of P doped gCN -

TiO2 catalyst was used for hydrogen (H2) 

release from the sodium borohydride 

(NaBH4) methanolysis [27]. The 

photocatalytic degradation of Rhodamine B 

dye of gCN/nano zero valent iron doped 

bismuth ferrite nanoparticle composite 

demonstrated the degradation performance 

better than previously reported BiFeO3 

composite [28]. The photocatalytic 

performance of silver iodide- gCN 

nanocomposite was exhibited better behavior 

than pristine silver iodide and gCN over 

rhodamine B and methyl orange dye was 

reported [29]. Enhanced photocatalytic 

behavior observed with the addition of 

reduced graphene oxide and gCN to zinc 

oxide over methylene blue dye was 

investigated [30].  

 

The present work has employed the 

combustion method to obtain two binary 

nanocomposites, gCN-Zn and gCN-Fe. The 

structural, morphological, thermal and optical 

characterizations were performed in detailly. 

The degradation capacity of pristine gCN and 

synthesized binary nanocomposites showed 

an enhanced photodegradation performance 

for binary composite relative to pristine gCN 

was observed. The obtained composites with 

this simple synthesis method and cost 

effective raw materials used for the 

photodegradation of methylene blue dye 

detail. 

 

2. MATERIALS AND METHOD  

 

2. 1. Materials 

 

Ultra pure water was used in the studies. Ultra 

pure water was obtained from 

Kahramanmaras Sutcu Imam University 

University-Industry-Public Cooperation 

Development Application and Research 

Center (USKIM). All chemicals were used in 

tests and syntheses without purification. 

Thiourea (98%) was purchased from Merck, 

zinc nitrate (98%) was from Acros Organics, 

and iron nitrate (99%) was from Sigma 

Aldrich. 
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2. 2. Synthesis of gCN, gCN-Fe and gCN-

Zn 

 

gCN was produced using a the combustion 

method. Thiourea (10 g) in a ceramic crucible 

was heated to 550 °C at a heating rate of 10 

°C/min in an muffle furnace. It was then 

calcined at 550 °C for 5 hours. gCN-Fe and 

gCN-Zn were synthesized under the same 

conditions. Briefly, 10 g of thiorue was 

dissolved in 50 mL of ultra water. Iron nitrate 

and zinc nitrate were then added to this 

solution in a weight ratio of 0.25:10. It was 

mixed on a magnetic stirrer for 1 hour. It was 

then dried at 90 °C for 48 hours. The obtained 

powder sample was heated to 550 °C at a 

heating rate of 5 °C/min and calcined at the 

same temperature for 5 hours. The 

synthesized samples were ground in a mortar 

for experiments. The graphitic carbon nitride 

gCN synthesized in a weight ratio of 0.25:10 

was named as iron-doped graphitic carbon 

nitride gCN-Fe and zinc-doped graphitic 

carbon nitride gCN-Zn. Figure 1 shows a 

graphical representation of the gCN samples 

synthesis. 

 

 
Figure 1 Scheme showing synthesis of gCN, 

gCN-Fe and gCN-Zn samples 

 

2.3.Characterization 

 

The X-ray diffraction (XRD) pattern of the 

gCN samples was obtained using a Philips 

brand X'Pert PRO model XRD instrument 

with Cu Ka radiation (λ=0.154056 nm, 40 kV 

and 30 mA). Scanning Electron Microscope 

(SEM) images and EDX measurements were 

taken with the FEI brand Quanta 650 Field 

Emission SEM model electron microscope 

available at Çukurova University Central 

Research Laboratory (CUMERLAB). 

Thermogravimetric analysis (TGA) was 

performed using a thermal analyzer (Perkin-

Elmer Diamond) in a nitrogen atmosphere 

with a heating rate of 20 °C/min in the 

temperature range of 20 to 750 °C. FT-IR 

spectrum measurements were taken with the 

Perkin Elmer Spectrum 400 device in the 

range of 4000–400 cm-1. UV–Vis absorption 

measurements were obtained with a 

Shimadzu-1800 UV spectrometer. XRD, 

TGA, FTIR and UV measurements were 

obtained in the USKIM laboratory. 

 

2.4. Photocatalytic test 

 

The photocatalytic performance of the 

produced gCN, gCN-Fe and gCN-Zn 

structures was tested with methylene blue 

(MB) dye. 20 mg of the photocatalyst gCN, 5 

ppm was dropped into 50 mL MB solution 

(with water). First of all, the solutions to 

which the catalyst was added were kept in the 

dark for 30 minutes, taking into account the 

absorption-desorption balance. It was then 

tested by irradiation under a Xeon lamp light 

source (300 W Luzchem). Photocatalytic 

performances of the samples were 

investigated with a Shimadzu UV1800 

spectrometer in 10-minute time [. 

 

3. RESULTS AND DISCUSSION 

 

Graphically showing the XRD patterns of 

gCN, gCN-Fe and gCN-Zn are presented 

(Figure 2). Two characteristic peaks of pure 

gCN appear prominently at 12.8° and 27.3° 

both (100) and (002) peaks can be attributed 

to interplanetary structural stacking of 

conjugated aromatic systems indexed for 

graphite materials. These peaks are consistent 

with the XRD data of the reported studies 

available in the literature for the gCN 

structure [31, 32]. It is clearly seen in the 

XRD graph that the intensity of the (002) peak 

decreases with the doping of Zn and Fe. This 

suggests that adding Zn and Fe can limit the 

crystal growth of gCN. The decrease in peak 

intensity can be attributed to an interaction 

between Zn/Fe and gCN. This effect deforms 

the nitride pore structure and changes the 

distance between the holes [33]. In addition, 
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the decrease in crystallinity in the (002) 

crystal planes can be attributed to the effects 

of Fe and Zn additions on the thermal 

condensation of urea/thiourea [34]. When the 

XRD graph was examined, no diffraction 

peak was observed for Zn and Fe structures. 

 

 
Figure 2 XRD pattern of gCN, gCN-Fe and 

gCN-Zn 

 

SEM images illuminating the SEM surface 

morphologies of gCN, gCN-Fe and gCN-Zn 

are given in Figure 3. Characteristic plate-like 

structures are seen and the construction of 

pronounced 2D layered bulk sheets that 

remain grouped together is celarly seen from 

this figure. Fe and Zn additives did not affect 

gCN morphology [35]. This demonstrates that 

introducing Fe to gCN does not modify its 

sheet structure. According to result of similar 

research related to 5% Fe doped gCN that 

obtained composite not contain any iron 

nanoparticles, proving that Fe was ionically 

added to the gCN framework [36]. The 

addition of Fe to the carbon nitride structure 

does not alter the stacking of chain layers, 

implying that Fe-gCN preserves the original 

crystal structure of gCN [37]. The 

morphology of ZnO incorporated gCN was 

observed by SEM and the images reveal its 2-

D layered nanosheet structures without much 

variation in its morphology upon 

incorporating zinc metal into gCN. 

 

 
Figure 3 SEM images of gCN (a) gCn-Fe (b) and 

gCN-Zn (c) 

 

EDX analysis was performed to determine the 

chemical composition of gCN, gCN-Fe and 

gCN-Zn nanocatalysts (Figure 4). The EDX 

spectra of the samples confirm the presence of 

C, N, O, Fe and Zn elements. 

 

Optical band gap energies of the synthesized 

samples were determined by using optical 

absorption spectra. Optical band gaps were 

obtained with the Tauc plot. (αhν)2 for 

samples as a function of photon energy is 

plotted graphically in Figure 5. The band gap 

energy for gCN was found to be 2.75 eV. In 

the literature, some researchers found the 

same result for gCN [38, 39]. The addition of 

Zn and Fe decreased the band gap energy. 

Band gap energies for gCN-Zn and gCN-Fe 
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were found to be 2.58 eV and 2.50 eV, 

respectively. The results found are in 

agreement with previous studies. In the 

literature, some studies found that the 

forbidden energy gap decreases with the 

addition of Zn and Fe to gCN [33, 40, 41]. 

 

 
Figure 4 EDX spectra of gCN (a) gCn-Fe (b) and 

gCN-Zn (c) 

 

  
Figure 5 Bandgap graph gCN, gCN-Fe and gCN-

Zn 

 

The TGA pattern of gCN, gCN-Fe and gCN-

Zn are presented in Figure 6. It is observed 

that the remarkable thermal decomposition of 

the samples starts around 400 °C. It is clearly 

seen that the samples show a tendency to 

decompose at temperatures higher than 600 

°C. This result indicates that thermally gCN 

structures are one of the highly stable organic 

materials [42]. The degree of condensation 

seriously affects thermal stability. Complete 

degradation of the synthesized gCN sample 

takes place at 620 °C and no material remains. 

However, complete degradation does not 

occur in Zn and Fe doped gCN samples. 

 

 
Figure 6 TG thermograms for the gCN, gCN-Fe 

and gCN-Zn 

 

FTIR spectroscopy is used to detect tensile 

and bending vibrational bands of synthesized 

gCN structures and to examine the functional 

groups and types of chemical bonds of gCN 

structures. Figure 7 shows the FT-IR spectra 

of the synthesized gCN constructs. 

Measurements in the range of 450–4000 cm-1 

were taken for the FTIR analysis. The broad 

absorption peak centered at 3150 cm-1 is 

attributed to the tensile vibration of the N–H 

group. The peaks seen in the 1000-1750 cm-1 

range indicate the characteristic stretching 

modes of C-N heterocycles. The sharp peak 

observed at 805 cm-1 can be assigned to the 

respiratory mode typical of triazine units [43, 

44].  As a result of the addition of Zn and Fe, 

the intensity of the peaks observed between 

3150 cm-1 and 1000-1750 cm-1 decreased. 

This indicates that the crystallization of Fe 

and Zn can affect the thermal polymerization 

of Thiourea. It is consistent with the result of 

the XRD analysis, which shows that the 

addition of Fe and Zn can lead to the 

deterioration of the graphite structure of gCN 

[33]. 
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Figure 7 FTIR pattern of obtained samples 

 

Optical absorptions of synthesized gCN 

samples were measured between 450-750 nm 

wavelengths using UV-vis spectroscopy. All 

samples were kept in the dark for 30 minutes 

and then measurements were taken with a 

UV-Vis spectrophotometer every 10 minutes 

for 60 minutes. The photocatalytic 

degradation of the catalyst-free and gCN-

catalyzed dyestuff solutions with respect to 

time was investigated under normal 

conditions under 300 W Xenon light. In 

Figure 8, absorption graphs of gCN, gCN-Fe 

and gCN-Zn samples are given. The 

maximum peak in the UV-Vis absorption 

spectra of the dyestuffs was determined as 

664 nm for methylene blue. 50 ml of 5 ppm 

methylene blue solution was taken and kept 

under xenon and room light for 60 minutes 

without a catalyst. The degradation rates 

under room conditions (called day in Figure 

9) and under a xenon lamp (called sim in 

Figure 9) were determined as 2.7% and 5.4%, 

respectively (Figure 9). 

 

 
Figure 8 UV-visible absorption spectra for MB 

in a) gCN, b) gCN-Fe and c) gCN-Zn 

 

In Figure 9, the graph of the decay rates with 

respect to time is given. In Figure 9, the 

degradation rates of gCN samples on MB 

after 60 minutes were determined as 92.7% 

for gCN, 93.3% for gCN-Fe and 98.4% for 

gCN-Zn. 

 

 
Figure 9 The degradation graph of MB in all 

samples 
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It was observed that the synthesized Zn-doped 

gCN sample was more effective on MB. 

Figure 10 presents the graph of ln (C0/Ct) 

versus time. k (min-1) rate constants (pseudo-

first order) were calculated using the slope of 

the graphs [45]. As can be seen from the 

graph, the gCN-Zn sample with the highest 

degradation rate has the largest k value 

(k=0,06839 min-1). 

 

 
Figure 10 Graph of ln(C0/Ct) to time gCN, gCN-

Fe and gCn-Zn 

 

Photocatalytic evaluation of prepared gCN, 

gCN-Fe and gCN-Zn samples was 

investigated through the degradation of MB. 

gCN-Fe and gCN-Zn were found to exhibit 

better photocatalytic activity compared to 

pure gCN. The primary factors of 

photocatalytic activity are light-absorption 

capacity, surface composition, and 

photogenerated charge-separation efficiency 

[46]. The improvement in photocatalytic 

activity of gCN-Fe and gCN-Zn composites 

can be attributed to (i) gCN-Fe and gNC-Zn 

have a well-developed synergistic interaction 

in the obtained structure, (ii) a reduction in the 

bandgap energy of a binary composite can 

increase the transfer of photo-induced 

electrons while decreasing electron-hole pair 

recombination [47, 48]. Zinc oxide absorbe 

more light quanta than iron oxide and this 

may the reason of the syhtesized gNC-Zn 

shows better performance than the gCN-Fe 

sample [49]. This can increase photocatalytic 

activity. In addition, the development of 

photocatalytic activity can be attributed to the 

promotion of hydroxyl radical formation [40, 

41, 50–52]. 

 

4. CONCLUSION 

 

In summary, the prisitne gCN, gCN-Zn and 

gCN-Fe structures were successfully 

synthesized by the combustion method. The 

structural properties of the obtained samples 

were detailly characterized with X-Ray 

diffraction, SEM-EDX, FTIR and UV-Vis 

spectroscopy. The bandgap value of pure 

gCN was found as 2.75 eV and the band gap 

values of gCN-Zn and gCN-Fe syhtesized 

binary composites decrease to 2.58 eV and 

2.50 eV respectively. The results of the 

elemental analysis show the apparent 

differences between the pure forms of gCN, 

gCN-Zn, and gCN-Fe indicating that 

syhtesized binary composites have different 

composition. The obtained FTIR results are 

comparable with the XRD study, which 

reveals that the addition of Fe and Zn can 

cause the graphite structure of gCN to 

deteriorate. The photocatalytic performances 

of the synthesized materials were 

investigated. The degradation effect of 

synthesized nanocomposites on MB was 

enhanced with metal ion doping. The 

obtained results also demonstrated that 

adding a zinc and iron elements increased the 

photocatalytic activity remarkably. Among 

the samples examined, gCN-Zn exhibited the 

highest photocatalytic performance. The 

degradation effect of gCN-Zn sample on MB 

was found to be 98.4% after 60 minutes. The 

results showed strong photocatalytic effects 

of Fe and Zn doped gCN structures. 

Therefore, the prepared gCN-Zn 

nanocomposite has significant potential and a 

promising candidate for the destruction of 

environmental pollutants. 
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