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Abstract 8 

Chromium (Cr) exists in various forms in surface water and groundwater. The high solubility 9 

and mobility of Cr(VI) make it a very hazardous material that pollutes water and soil 10 

ecosystems. In this study, Fe(II)-g-C3N4 was synthesized using melamine and FeCl3.6H2O via 11 

the thermal calcination method. Fe(II)-g-C3N4 was analyzed by XRD, FTIR, SEM, and DLS. 12 

It was shown that the g-C3N4 structure is a suitable distributor and stabilizer for iron particles. 13 

g-C3N4 reduced the accumulation of iron particles, increasing the efficiency of the redox 14 

reaction between Fe(II) and Cr(VI). The removal efficiency of Cr(VI) was influenced by pH, 15 

temperature, and the concentrations of Fe(II)-g-C3N4 and Cr(VI). Lower pH values, higher 16 

Fe(II)-g-C3N4 concentrations, and elevated temperature improved the kobs and Cr(VI) 17 

elimination from water. Cr(VI) adsorption efficiency in the 30, 50, and 70 ppm solutions by 18 

Fe(II)-g-C3N4 nanoparticles was 99%, 93.9%, and 80.7%, respectively. Furthermore, the 19 

highest kobs (0.0835 min-1) was observed at a 30 ppm Cr(VI) concentration.  20 
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1. Introduction 23 

Chromium (Cr) exists in trivalent and hexavalent forms (Cr(III) and Cr(VI)) depending on the 24 

pH and redox conditions [1]. Cr(III) exhibits low solubility in aqueous environments [1] and 25 

Cr(VI) represents the most harmful chromium species [2]. Cr(VI) exhibits 100 times more 26 

toxicity than Cr(III). It enhances cellular mutation probability, consequently, the cancer effect 27 

by 1000 times compared to Cr(III) [3]. Cr(VI) in water poses serious ecological and 28 

environmental risks  [4]. It primarily exists as chromate (CrO4
2-) and dichromate (Cr2O7

2-) [5]. 29 

Iron (Fe) plays a crucial role in various pollutant removal techniques, including redox, 30 

catalytic, photocatalytic, chemical precipitation, electrochemical, and adsorption. With a redox 31 

potential of about -0.44 Volts (E0 = -0.44 V), Fe emerges as an ideal candidate for redox 32 

reactions [6]. While numerous materials have been employed for Cr(VI) removal from water, 33 

divalent and zero-valent iron (Fe(II) and Fe0) have gained widespread acceptance in treatment 34 

applications [7]. Bioresource-based nanoparticles should be considered to avoid hazardous 35 

chemicals and processes [8, 9]. Algae-derived nitrogen-doped carbon nanoflakes fabricated 36 

with nickel ferrite is a Fe-based material for removal of Rhodamine B, Congo Red dyes [10], 37 

and antibiotics [11]. 38 

Cr(VI) equilibrium and adsorption kinetics in poly-high internal phase emulsion/single-walled 39 

carbon nanotubes (PHIPE/SW-CNT) aligned with Langmuir models and the pseudo-second- 40 

order, respectively. The highest adsorption capacity of 72.35 mg g−1 led to successful Cr(VI) 41 

removal [12]. The pirulina-based synthesis of mesoporous iron oxide nanoparticles led to a 42 

Cr(VI) adsorption efficiency of 92.8505 mg g−1 in an aqueous solution [13]. Spirulina-based 43 

TiO2@CTAB nanoparticles were the more successful option due to higher Cr(VI) removal 44 

efficiency (127.551 mg g−1) [14]. 45 

Electrospinning emerged as a highly effective technique for creating unique porous membranes 46 

to remove Cr(VI) and electrospun nanofiber membrane was identified as an effective adsorbent 47 

https://www.sciencedirect.com/topics/chemistry/adsorption-kinetics
https://www.sciencedirect.com/topics/chemistry/electrospun-nanofiber-membrane
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[15]. Modified ceramic filters with a flux of 289 L m-2h-1 removed Cr(III) by 40% [16]. 48 

Polyvinyl alcohol-alumina film demonstrated effective elimination of Cr(VI) from wastewater 49 

at elevated concentrations [17]. The lack of selectivity of sorbent targeting CrO4
2- was 50 

improved using polyethylenimine-based adsorbents [18]. Chromolaena odorata-derived 51 

magnetite nanoparticles with the highest adsorption capacity of 173.12 mg g−1 were introduced 52 

as promising options for Cr(VI) elimination from wastewater [19]. Nitrogen-doped coconut 53 

granulated activated carbon had the highest adsorption capacity of ~15.2 mg g−1. Besides, 54 

equilibrium results best fit with Redlich-Peterson and Sips isotherm models [20]. The 55 

electrochemical process was superior to the conventional chemical processes in the remediation 56 

of Cr-contaminated groundwater [21]. 57 

When divalent iron was doped into Mg-Al layered double hydroxide, Cr(VI) effectually 58 

reduced and experimented with the Cr(III) hydroxide (Cr(OH)3) redox process [22]. The 59 

adsorption process followed Langmuir-type adsorption, achieving the highest adsorption 60 

capacity of 12.5 mmol g−1. Humic acids (HAs) affected the reduction of Cr(VI) to Cr(III) at a 61 

primary Cr(VI) concentration of 100 μg L−1, pH of 6.5-8, and ferrous sulfate dosages of 0.25- 62 

2 mg Fe(II)/L [23]. Higher pH levels and lower Fe(II) doses resulted in elevated residual Cr 63 

concentrations. Fe(II) reduced Cr(VI) with an adsorption efficiency of approximately 100% in 64 

the pH ranging from 3 to 9, while the reduction of Cr(VI) reduced to about 60% when 65 

accounting for Fe(II) oxygenation at a pH of 12 [24]. Synthesized Fe0-chitosan nanoparticles 66 

were examined to uptake Cr(VI) from water [7]. The reaction rate constants correlated with 67 

temperature increase and iron surface loading on the adsorbent, while inversely relating to pH 68 

and Cr(VI) concentration. The activation energy of 33 kJ mol−1 indicated a chemically 69 

controlled reaction mechanism. Research indicates that Fe0 and Fe2+ demonstrate limited 70 

effectiveness in their pure state for removing Cr(VI) from aqueous solutions due to the 71 

accumulation of iron particles. This means that Fe0 or Fe2+ should be loaded onto a unique 72 

https://www.sciencedirect.com/topics/materials-science/composite-films
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/selectivity
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/sorbent
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structure of materials (such as bentonite and chitosan), enabling a proper and homogeneous 73 

distribution of iron particles across the support structure's surface. The homogeneous 74 

distribution maximizes the effective collision between Fe and Cr(VI) in an aqueous medium, 75 

increasing the redox reaction efficiency [25].  76 

Support materials are typically selected for their dual adsorptive and catalytic capabilities. 77 

Graphitic carbon nitride (g-C3N4) is inherently adsorbent and has catalytic and photocatalytic 78 

characteristics [26]. Therefore, g-C3N4 nanoparticles are good candidates for Fe2+ support and 79 

homogeneous distribution [27, 28]. Integrating the fibrous silica iron (FSFe) catalyst to g-C3N4 80 

reduced the band gap. It successfully improved Cr(VI) and methyl orange (MO) degradation 81 

by 38.16% and 98.08%, respectively. The enhanced photocatalytic performance for Cr(VI) 82 

resulted from the reduced bandgap of the catalysts [29].  83 

In this research, the elimination of Cr(VI) by the redox reaction between Fe(II) and Cr(VI) on 84 

the surface of Fe(II)-g-C3N4 nanoparticles was investigated. Fe(II)-g-C3N4 was synthesized, 85 

and the effects of pH, Fe(II)-g-C3N4 concentration, initial concentration of Cr(VI), and 86 

temperature on the kinetics of the Cr(VI) removal process were investigated. g-C3N4 would 87 

play a significant role in the Cr(VI) reduction by Fe2+ nanoparticles. It is expected that Fe2+ 88 

nanoparticles will be loaded completely uniformly on g-C3N4, and the synthesized 89 

nanoparticles show very high efficiency in different environmental conditions compared to 90 

previous research. 91 

2. Materials and methods 92 

The specifications of the chemicals used in the material synthesis and testing stages are as 93 

follows: melamine (C3H6N6), ferric chloride hexahydrate (FeCl3.6H2O), iron(II) sulfate 94 

heptahydrate (FeSO4.7H2O), sodium thiosulfate (Na2S2O3), sodium hydroxide (NaOH), 95 

hydrochloric acid (HCl), and potassium dichromate (K2Cr2O7). All materials used in the 96 

experiments were from Merck company (Germany) with a purity of 98% or higher. 97 
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2.1. Pure g-C3N4 preparation 98 

6.3 g of melamine was dissolved in 100 mL of deionized water at 100 °C. It was mixed with 5 99 

mL of HCl on a magnetic stirrer for 30 min and a white precipitate was formed. After cooling 100 

the solution, it was dried at 80 °C for 24 hours. The dried precipitate was positioned in a tube 101 

furnace and heated in a semi-closed system at a temperature increase rate of 10 °C/min to an 102 

ending temperature of 550 °C for 3 hours. After cooling the content of the furnace to ambient 103 

temperature, a yellow compound (g-C3N4) was obtained. In the end, the synthesized g-C3N4 104 

was completely pulverized in a mortar [30]. 105 

2.2. Fe(II)-g-C3N4 synthesis 106 

First, 100 mL of deionized water was heated to 100 °C, then 5 mL of HCl, 6.3 g of melamine, 107 

and 1.49 g of FeCl3.6H2O were simultaneously added to the water. The suspension was stirred 108 

using a magnet for 30 min and then stored in an oven at 80 °C for 24 hours to dry completely. 109 

The dried homogeneous mixture was placed in a semi-closed system inside the tube furnace 110 

and heated during the calcination. In this way, the mixture reached a temperature of 310 ˚C at 111 

a temperature increase rate of 10 ˚C/min. The mixture was heated at this temperature for 1 112 

hour. Then, it was heated up to 460 ˚C and 550 ˚C at the same rate of temperature increase for 113 

1 hour (Fig. 1). After these steps, Fe(II)-g-C3N4 nanoparticles were synthesized [30]. Iron has 114 

a higher density than water and is insoluble in it. It easily settled in the aqueous environment 115 

and could be separated after the completion of the reaction. 116 

2.3. Characterization techniques and devices 117 

The X-ray diffraction (XRD) pattern was obtained by the Panalytical device (X'pert model) 118 

with a copper source. The infrared spectroscopy was conducted using the Perkin device (RXI 119 

model). The spectra of FTIR were recorded via the Perkin Elmer device (RXI model). SEM 120 

images were taken using the Tescan (Mira3 FE-SEM model). The spectra of zeta potential and 121 

average particle size were measured by the Horiba SZ-100Z2 dynamic light scattering (DLS) 122 
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machine. Cr(VI) concentration was determined during the experiments using the Shimadzu 123 

AA-6200 atomic absorption spectrophotometer. 124 

2.4. Batch experiments 125 

To compare the adsorption efficiency of Cr(VI) by g-C3N4 and Fe(II)-g-C3N4, initial solutions 126 

of Cr(VI) at 30, 50, and 70 ppm were prepared. 25 mL of each prepared solution was added to 127 

either g-C3N4 (0.025 g) or Fe(II)-g-C3N4 (0.05 g). The containers were then sealed with foil 128 

and positioned in a shaker incubator operating at 250 rpm and 45 °C for designated durations. 129 

Sampling was performed to evaluate the concentration of Cr(VI) on the 22 μm membrane at 130 

different time intervals. 131 

3. Results and discussion 132 

3.1. Characterization 133 

3.1.1. XRD 134 

The XRD patterns of Fe(II)-g-C3N4 and g-C3N4 structures exhibit comparable characteristics 135 

(Fig. 2). In g-C3N4, the strongest peak emerged at 27.45°, representing the accumulation of 136 

layers of aromatics that are indexed for graphitic material as a (002) plane. The (002) plane 137 

shows an interlayer distance of 325 nm. Additionally, in the g-C3N4 XRD pattern, the peak at 138 

~13.1° corresponds to the (100) plane and shows the structural packing in-plane. When Fe(II) 139 

is incorporated into the g-C3N4 structure, it diminishes the intensity of g-C3N4 peaks. Fe ions 140 

disrupt the thermal condensation process of melamine and cause the growth of g-C3N4 141 

crystallization, thereby reducing g-C3N4 crystallinity. In addition, the XRD spectrum of Fe(II)- 142 

g-C3N4 nanoparticles shows no peaks attributed to Fe(II) phases. It is attributed to the proper 143 

and homogeneous dispersion of Fe(II) in the structure of g-C3N4. 144 

  145 
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3.1.2. FTIR 146 

Fig. 3 shows the FTIR spectra comparing Fe(II)-g-C3N4 and g-C3N4. The FTIR spectra of g- 147 

C3N4 exhibits distinct peaks within 1165-1200 cm-1, indicating the tensile forms of C-N 148 

heterocycles. Furthermore, the peak corresponding to its triazine units is shown at 807.43 cm- 149 

1. The peaks in the range of 2900-3500 cm-1 indicate the vibrational and tensile states of N-H. 150 

This peak shows the amino acids' presence, even after direct heat treatment on the melamine.  151 

The FTIR spectrum of Fe(II)-g-C3N4 shows distinct peaks at 2850-3450, 1200-1750, and 806 152 

cm-1. The peak at 806 cm-1 indicates the triazine units corresponding to the g-C3N4 structure. 153 

Peaks in 2850-3450 cm-1 can be attributed to N-H tensile vibrations. Moreover, the peaks 154 

observed in 1200-1750 cm-1 are related to the tensile vibrations between the C-N and C=N 155 

joints. The peaks at 1205-1235 cm-1 become slightly more prominent due to the existence of 156 

Fe(II) in the structure and C-NH-C tensile vibration between heptazine units. Moreover, the 157 

peak at 2171 cm-1 shows defective C-N bonds owing to the widespread presence of Fe(II) in 158 

the g-C3N4 structure. These observations show that Fe(II) greatly prevents melamine 159 

condensing and crystallizing, hence, the formation of nanoparticles with increased imperfect 160 

bonds and reduced polymerization degree. 161 

3.1.3. SEM 162 

Figs. 4a, 4b, and 4c show the complete formation of graphitic plates and the crystallinity of g- 163 

C3N4 during thermal polymerization. Pure g-C3N4 has a typical layered structure with a cavity 164 

of 100-150 nm. Figs. 4d, 4e, and 4f show the SEM images related to Fe(II)-g-C3N4 165 

nanoparticles and Fe(II) incorporation within the g-C3N4 framework. The size of the plates 166 

decrease, and irregular wrinkles increase owing to g-C3N4's partial crystallization when Fe(II) 167 

is present. Fe(II)-g-C3N4 demonstrates a layered structure and contains highly porous sheets. 168 
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a 

) 

b 

3.1.4. DLS 169 

Fe(II)-g-C3N4 was synthesized according to the instructions presented by [30]. To ensure the 170 

correct synthesis of Fe(II)-g-C3N4, XRD and FTIR analyses were conducted. In this study, 171 

instead of repeating all the analyses conducted by [30], DLS analysis was applied for 172 

innovation. The purpose of using DLS analysis was the evaluation of the changes in size, zeta 173 

potential, and surface charge created by adding Fe(II) to the g-C3N4 structure to understand 174 

whether a suitable substrate for the redox reaction is created or not. According to DLS analysis, 175 

the reduction in more negative surface charge in Fe(II)- g-C3N4 compared to g-C3N4 can be 176 

attributed to the uniform distribution and loading of Fe(II) magnetic particles in the structure 177 

and pores on the surface of the g-C3N4 nanoparticle, indicating that the iron nanoparticle 178 

provides a suitable environment for the redox reaction. 179 

3.1.4.1. Average particle size 180 

DLS measures the average size of nanoparticles. The average particle size of Fe(II)-g-C3N4 181 

and g-C3N4 structures shows their classification as nanoparticles, with an average dimension 182 

of 550.1 nm and 486.8 nm, respectively (Figs. 5a and 5b). 183 

3.1.4.2. Zeta potential 184 

The surface load of g-C3N4 and Fe(II)-g-C3N4 is equal to -55.2 mV and -2 mV, respectively 185 

(Fig. 6). The reduction of the negative surface charge in Fe(II)-g-C3N4 relative to g-C3N4 can 186 

be related to the loading and uniform distribution of Fe(II) magnetic particles within the 187 

structure of g-C3N4 nanoparticles. 188 

3.2. Cr(VI) removal by Fe(II)-g-C3N4 and g-C3N4  189 

Fig. 7 presents the amount of Cr(VI) removal when using g-C3N4 and Fe(II)-g-C3N4. After 190 

one hour, Fe(II)-g-C3N4 demonstrates a significantly higher Cr(VI) removal efficiency (77.8%) 191 

than g-C3N4. In the structure of Fe(II)-g-C3N4, g-C3N4 acts as a support material and can 192 

stabilize and disperse Fe(II), thereby increasing the reactivity of Fe(II). Literature has also 193 
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confirmed that pure iron shows poor performance in Cr(VI) elimination owing to iron particles' 194 

aggregation tendency, hence, the reduction in the specific surface area and reactivity of iron 195 

[31, 32].  196 

3.3. Kinetics studies 197 

The reduction of Cr(VI) typically relies on how Fe(II) is distributed across the g-C3N4 surface. 198 

The equation of the redox reaction rate (v) between Cr and the different capacities of Fe follows 199 

a pseudo-first-order reaction normalized to the surface area as shown below [33]. 200 

SA s m

dC
v k a C

dt
  

 

(1) 

where, C presents the change in concentration of the contaminant in solution (mg L-1), as is the 201 

specific surface area (m2 g−1), kSA denotes the reaction rate under certain conditions (L h− 1m− 202 

2) when introducing Fe(II) into the g-C3N4, and ρm stands for mass concentration (g L-1). kSA, 203 

as, and ρm can be replaced by a general rate constant called kobs (Eq. 2) [33]. kobs is the observed 204 

rate constant of a quasi-first-order reaction (min-1) and is determined by graphing -ln(C/C0) vs. 205 

time (min). 206 

0

ln obs

C
v k t

C
  

 

(2) 

3.3.1. Influence of pH on Cr(VI) removal efficiency using Fe(II)-g-C3N4  207 

Cr(VI) removal using Fe(II)-g-C3N4 was performed at the pH values of 4, 5, 7, and 8. An initial 208 

Cr(VI) concentration of 50 ppm, a temperature of 35 °C and a Fe(II)-g-C3N4 concentration of 209 

1.5 g L-1 was considered. Based on the maximum Cr(VI) removal efficiency, it was observed 210 

that as the pH increases, the amount of kobs and the removal capacity of Cr(VI) decreases (Table 211 

1). This means that the removal efficiency of Cr(VI) is higher in acidic environments. It should 212 

be noted that the point of zero charge (PZC) of Fe(II)-g-C3N4 is 3.9. 213 
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3.3.2. Effect of Fe(II)-g-C3N4 concentration on the kinetics of Cr(VI) elimination 214 

During the final stage of Cr(VI) removal testing, atomic absorption spectrometry is used to 215 

determine the quantity of dissolved iron. Analysis reveals zero soluble iron presence, with all 216 

Fe(II) particles integrated into g-C3N4. Similarly, at the end of the reaction, the concentrations 217 

of Cr(VI) and Cr(III) decrease sharply. This information shows that the oxidation of Fe(II) to 218 

Fe(III) and the reduction of Cr(VI) to Cr(III) occurs in the synergistic and redox reaction [34]. 219 

This redox reaction can be written as follows: 220 

 2 2 3

2 7 2 3
 6  7 2  6  8Cr O Fe H O Cr OH Fe HO

       
 

(3) 

The direct use of Fe(II) in the reaction has some advantages over Fe0. In the Cr precipitation 221 

reaction, only the divalent form of Fe is able to participate in the reaction, so Fe0 must first be 222 

oxidized to Fe(II) in an aqueous medium and Fe2+ reacts with Cr2O7
2-. The oxidation of Fe0 in 223 

water is accompanied by the release of OH-, and as a result, the aqueous medium is driven to 224 

increase the pH. This increase in pH is an undesirable factor for the reaction. Therefore, the 225 

use of Fe2+ instead of Fe0 can play a role in reducing the activation energy of the reaction and 226 

increasing the efficiency of the reaction. In equations 4 and 5, the two-step nature of the Cr2O7
2- 227 

degradation reaction by Fe0 can be seen [35]. 228 

0 2

2 2 2     2Fe H O Fe H HO    
 

(4) 

 2 2 3

2 7 2 3
6   7   6  2  8Fe Cr O H O Fe Cr OH HO

       
 

(5) 

A small percentage of Cr(VI) removal can be due to the g-C3N4 adsorption process, which acts 229 

as a synergistic process. This adsorption process usually occurs at non-reactive (iron-free) 230 

sites. Table 2 illustrates that the reaction rate and the percentage of Cr(VI) removal increase by 231 

an increase in the Fe(II)-g-C3N4 concentration. It should be noted that a temperature of 35 °C, 232 

a pH of 5, and a Cr(VI) concentration of 50 ppm were considered. 233 
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3.3.3. Influence of temperature on the kinetics of Cr(VI) removal by Fe(II)-g-C3N4 234 

When temperature rises, it enhances the vibration of Cr(VI), thereby increasing the effective 235 

collision between the Fe(II)-g-C3N4 surface and Cr(VI) [36]. The water-soluble oxygen is also 236 

reduced, reducing the effectiveness of oxygen as a competitor for Cr(VI) in entering the redox 237 

reaction with Fe(II) (Eq. 6) [20]. All these phenomena lead to an increase in the kobs by 238 

increasing the solution temperature (Fig. 8). 239 

2 1 3

2 2 22 /    3  2Fe O H O Fe HO     
 

(6) 

Table 3 tabulates supplementary data concerning the impact of temperature changes on the 240 

Cr(VI) removal efficiency. 241 

By calculating the slope of the graph showing ln(kobs) against temperature (1/T), and applying 242 

the Arrhenius formula (Eq. 7), the apparent activation energy (Ea) is derived (Fig. 9) [25,37]:  243 

0ln lna
obs

E
k A

RT
  

 

(7) 

Eq. (7) yields an Ea of 26.9 kJ mol-1. This value can be the result of both the redox and the 244 

adsorption processes. Notably, Ea values exceeding 21 kJ mol-1 indicate chemical reactions. 245 

The reaction of reducing Cr(VI) by iron is surface-mediated. It involves the following steps: 246 

adsorption of Cr(VI) on the surface of iron; the transfer of Cr(VI) (containing molecules) to 247 

the iron surface; electron exchange from Fe(II) to Cr(VI) and Cr(III) as the final product. 248 

3.3.4. Influence of Cr(VI) concentration on the kinetics of Cr(VI) removal 249 

The Cr(VI) removal efficiency and the reaction rate constant highly depend on the Cr(VI) 250 

concentration. Higher Cr(VI) concentrations lead to decreased rate constants and Cr(VI) 251 

removal percentage (Table 4). Cr(VI) is a strong oxidizer for iron particles, and by increasing 252 

Cr(VI) concentration, iron particles become more oxidized and lose their Cr(VI) removal 253 

property. Also, increased Cr(VI) concentrations cause faster blockage of both reactive and non- 254 

reactive sites in Fe(II)-g-C3N4, reducing its effectiveness [9]. Notably, reactive sites are 255 

specifically where Fe(II) is located. The mechanism of Cr(VI) elimination differs between 256 
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reactive and non-reactive sites. Reactive sites utilize redox processes for Cr(VI) elimination, 257 

while non-reactive sites employ adsorption to remove the contaminant [7]. 258 

Fe(II)-g-C3N4 has a high potential to be used in advanced oxidation processes. For example, 259 

nanomaterials containing positive iron ions have shown their high efficiency in activating 260 

peroxymonosulfate (PMS) for the destruction of organic pollutants with complex structures 261 

such as dyes [38]. Therefore, Fe(II)-g-C3N4 is a suitable candidate for use in advanced 262 

oxidation processes in future research. Application of the proper instrument (e.g., fixed bed 263 

column) are recommended to remove Cr(VI) from aqueous solutions [39]. 264 

4. Conclusion 265 

In this research, Fe(II)-g-C3N4 nanoparticles were successfully synthesized. It was shown that 266 

the g-C3N4 structure is a suitable distributor and stabilizer for iron particles. g-C3N4 reduced 267 

the accumulation of iron particles, increasing the efficiency of the redox reaction between 268 

Fe(II) and Cr(VI). In addition, g-C3N4 removed part of the Cr(VI) from the aqueous medium 269 

by synergistic adsorption. Based on the results, the Cr (VI) removal efficiency at initial 270 

concentrations of 30, 50, and 70 ppm by Fe(II)-g-C3N4 nanoparticles was 99, 93.9, and 80.7%, 271 

respectively. The maximum kobs (0.0835 min-1) was obtained at an initial Cr(VI) concentration 272 

of 30 ppm. Furthermore, it was found that increasing the solution temperature, acidifying the 273 

environment, and increasing the concentration of Fe(II)-g-C3N4 strengthen the reaction to 274 

progress and thus increases the efficiency of Cr(VI) removal from wastewater. Increasing the 275 

concentration of Cr(VI) reduced the kobs and Cr(VI) removal efficiency.  276 
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 431 

 432 

Figure captions 433 

Fig. 1. Steps of synthesis of Fe(II)-g-C3N4 by thermal calcination method 434 

Fig. 2. XRD patterns of Fe(II)-g-C3N4 and g-C3N4 435 

Fig. 3. FTIR patterns of Fe(II)-g-C3N4 and g-C3N4 436 

4N3C-g-and (d, e, and f) Fe(II) 4N3C-SEM images of (a, b, and c) pure g Fig. 4. 437 

Fig. 5. Average particle size of (a) g-C3N4 and (b) Fe(II)-g-C3N4 438 

Fig. 6. Surface load of (a) g-C3N4 and (b) Fe(II)-g-C3N4 439 

Fig. 7. Cr(VI) removal using Fe(II)-g-C3N4 and g-C3N4 440 

Fig. 8. Effects of temperature on the kinetics of Cr(VI) removal by Fe(II)-g-C3N4 (pH: 5; 441 

Cr(VI) concentration: 50 ppm in deionized water;  Fe(II)-g-C3N4 concentration: 2 g.L-1; 442 

mixing with a shaking incubator at 250 rpm) 443 

Fig. 9. Relationship between kobs and temperature to obtain Ea 444 
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 457 

Table captions 458 

Table 1. The influence of pH values on the Cr(VI) removal using Fe(II)-g-C3N4 459 

Table 2. The influence of Fe(II)-g-C3N4 concentration on the kinetics of Cr(VI) removal 460 

Table 3. The impact of temperature on the kinetics of Cr(VI) removal 461 

Table 4. The impact of Cr(VI) concentration on the kinetics of Cr(VI) removal 462 
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Fig. 1. Steps of synthesis of Fe(II)-g-C3N4 by thermal calcination method 489 
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Fig. 2. XRD patterns of Fe(II)-g-C3N4 and g-C3N4 493 
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 500 

Fig. 3. FTIR patterns of Fe(II)-g-C3N4 and g-C3N4 501 
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(f) 

 502 

4N3C-g-and (d, e, and f) Fe(II) 4N3C-SEM images of (a, b, and c) pure g Fig. 4. 503 
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 509 

Fig. 5. Average particle size of (a) g-C3N4 and (b) Fe(II)-g-C3N4 510 
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 513 

Fig. 6. Surface load of (a) g-C3N4 and (b) Fe(II)-g-C3N4 514 
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 517 

Fig. 7. Cr(VI) removal using Fe(II)-g-C3N4 and g-C3N4 518 
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 520 

 521 

Fig. 8. Effects of temperature on the kinetics of Cr(VI) removal by Fe(II)-g-C3N4 (pH: 5; 522 

Cr(VI) concentration: 50 ppm in deionized water;  Fe(II)-g-C3N4 concentration: 2 g.L-1; 523 

mixing with a shaking incubator at 250 rpm). 524 
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Fig. 9. Relationship between kobs and temperature to obtain Ea 530 
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 549 

Table 1. The influence of pH values on the Cr(VI) removal using Fe(II)-g-C3N4 550 

 551 

 552 

Table 2. The influence of Fe(II)-g-C3N4 concentration on the kinetics of Cr(VI) removal 553 

pH kobs (min-1) t1/2 (min) r2 Removal (%) 

4 0.0327 21.19 0.9678 82.1 

5 0.0258 26.86 0.9709 75.9 

7 0.0112 69.31 0.9653 46.3 

8 0.0062 111.79 0.9456 31.7 

Concentration of Fe(II)-g-C3N4 

(g.L-1) 

kobs (min-1) t1/2 (min) r2 Removal 

(%) 
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 564 

Table 3. The impact of temperature on the kinetics of Cr(VI) removal 565 

 566 

 567 

 568 

Table 4. The impact of Cr(VI) concentration on the kinetics of Cr(VI) removal 569 

1 0.0154 45.01 0.9851 59.8 

1.5 0.0253 27.39 0.9715 75.3 

2 0.0393 17.54 0.9484 88.8 

2.5 0.0481 14.41 0.953 93.2 

Temperature (°C) kobs (min-1) t1/2 (min) r2 Removal 

(%) 

15 0.0198 35 0.9661 65.6 

25 0.0324 21.4 0.9804 84.7 

35 0.0427 16.2 0.9555 90.6 

45 0.0584 11.86 0.9395 95.7 
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Cr(VI) concentration 

(ppm) 

kobs (min-1) t1/2 (min) r2 Removal 

(%) 

30 0.0835 8.3 0.9671 99 

50 0.0509 13.61 0.9483 93.9 

70 0.0297 23.33 0.9612 80.7 
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