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Electrocoagulation (EC) process is an effective electrochemical method of heavy metal 

removal in wastewater. The removal of Cu (II) in aqueous solutions using Fe-Gr 

electrodes was studied in the present study in both batch and continuous modes. This was 

to determine the efficiency of removal of Cu (II) under different operating conditions, 

such as current density, pH, and treatment time. The originality of the work is that it uses 

Fe-Gr electrodes, which have the coagulant effect of iron and the high adsorption capacity 

of graphite. The electrode performance is better, and the removal efficiency is higher for 

Cu (II) and hydrogen production. The specific surface area (BET) of graphite electrode 

is 2.6 (m2/g). The experimental results showed that the pseudo-second-order model was 

the best fit to the Cu (II) removal kinetics, where R2 = 0.98, which was higher than that 

of the first-order model, R2 = 0.86, indicating a strong correlation. Graphite offers high 

electrical conductivity and chemical stability, which facilitates faster electron movement 

and improved electrode kinetics. During batch experiments, an applied voltage of 50 V 

and an inter-electrode distance of 3 cm led to almost total removal of Cu (II) in 25 

minutes. A 90% percent removal efficiency with H2 produced was attained with 

continuous EC experiments at a flow rate of 0.3 L/min and the weight of sludge 12 g. H2 

gas generation (0.152, 0.244, and 0.366 L/min) respectively. This study emphasizes the 

prospect of Fe-Gr electrodes in enhancing the electrocoagulation process of wastewater 

treatment, which is more economical and environmentally friendly in controlling the 

contamination of heavy metals. 
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1. INTRODUCTION

The issue of sustainable management of water resources is 

a major problem in the world today because the supply of 

water has been surpassed by the demand in most parts. Climate 

change, urbanization, population growth, and industrialization 

are some of the factors that make this issue even worse [1]. 

Some of the heavy metals such as mercury (Hg), cadmium 

(Cd), nickel (Ni), and lead (Pb) are very toxic even in minute 

amounts, whereas others such as copper (Cu), manganese 

(Mn), and zinc (Zn) are useful to humans in small doses but 

can be harmful at higher levels [2, 3]. The World Health 

Organization (WHO) has established the acceptable limits of 

some heavy metals in effluents released to the environment: 

0.2 mg/L of cyanide, 1 mg/L of copper, 2 mg/L of zinc, and 2 

mg/L of nickel [4]. Whereas Cu (II) is vital in low doses in the 

normal functioning of living cells, in excess of the 

recommended doses, it may cause serious health problems 

such as chronic liver diseases, neurological disorders, and 

psychiatric disorders. Moreover, chromium Cr (VI). and 

copper Cu (II) have been found to co-exist in wastewater quite 

frequently [5, 6]. Wastewater that contains both Cr (VI) and 

Cu (II) is normally harder to treat compared to wastewater that 

contains either of the two pollutants. Hence, it is important to 

develop efficient technologies for removing Cr (VI) and Cu 

(II) wastewater both to protect the environment and to use

them on the industrial level. The physical methods of treating

Cr (VI)/Cu (II) wastewater are filtration, adsorption, reverse

osmosis, and ion exchange, whereas the chemical ones are

chemical precipitation [7-10]. Although these traditional

methods are effective, high costs, large amounts of chemicals

required, and excess sludge produced have led to research on

alternative methods that would eliminate these drawbacks

[11]. Of these techniques, electrocoagulation has become an

electrochemical process of interest. In electrocoagulation, the

weak electric current is used to allow the oxidation and

dissolution of the sacrificial metals, which are typically iron

anodes immersed in wastewater. This results in the production

of hydroxide ions, which react with the metal ions of the

dissolved anode. The resultant metal hydroxide complexes

deprotonate the charges of the contaminants, resulting in the

formation of coagulant complexes that are capable of

removing pollutants in the water through adsorption [12, 13].

In electrocoagulation, Fe–Al electrodes improve Cu (II) 

removal via enhanced redox activity and floc formation, while 

Fe-graphite increases conductivity but shows lower adsorption 

and coagulant generation efficiency [12]. Fe–Gr electrodes 

offer high conductivity, chemical stability, and improved 
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electron transfer, enhancing electrochemical efficiency and 

reducing energy consumption in treatment systems [11]. 

This research will set out to determine the efficiency of the 

electrocoagulation process using Fe-Gr electrodes in the 

removal of Cu (II) in aqueous solutions in both batch and 

continuous mode. It is a study of how the removal efficiency 

of Cu (II) varies along with hydrogen production with different 

operational parameters, including current density, pH, and 

treatment time. The originality of the present work consists in 

the fact that Fe-Gr electrodes are used, which will allow not 

only to increase the efficiency of removal but also to enhance 

the electrode performance due to the combination of coagulant 

properties of iron with the increased adsorption capacity of 

graphite. The paper also contrasts the batch and continuous 

electrocoagulation technology, which provides important 

information on how the two technologies can be used in real 

life to treat complex wastewater that has Cu (II). 

 

 

2. MATERIALS AND METHODS 

 

2.1 Materials 

 
The Cu (II) ions employed in the experiment were obtained 

in the form of cupric nitrate trihydrate, which was purchased 

in local markets, Baghdad, Iraq, from the scientific equipment 

suppliers. Table 1 shows the properties of the heavy metal. 

 
Table 1. The main effects and permission limits of Cu (II) 

 
Property Cu (II) 

Chemical name Cupric nitrate trihydrate 

Phase solid, bluish crystals, odorless 

Molecular formula Cu (NO3)2.3H2O 

Molecular weight (g/mol) 241.60 g/mol 

Density (g/cm3) 2.05 g/cm3 

Company Loba Chemie (INDIA) 

 
Preparation of the wastewater that contains 50 ppm of 

Cupric nitrate trihydrate ion by diluting 2.94 g of Cupric 

nitrate trihydrate ion in 20 L of tap water. The composition of 

the supplied wastewater is provided in Table 2. 

 
Table 2. Characteristics of Cu (II) ion sample 

 
Parameter Value Unit 

pH 6.32  

TDS 102 mg/L 

EC 204 µs/cm 

Temp. 17.1 ℃ 

 
2.2 Analysis 

 

The Cu (II) ions concentration was measured by taking 5 

mL samples of the Cu (II) solution in the EC cell at different 

time points. The concentration of the Cu (II) ions in the 

samples was measured by Atomic Absorption 

Spectrophotometry (AAS) with a Shimadzu AA-7000F. 

 
2.3 Equipment 

 
The list of equipment utilized throughout the experimental 

work is provided in Table 3. 

 

Table 3. Instruments utilized in the experimental procedure 

 
Devices Used Type Source 

Glass ware 

Beakers, conical 

flasks, volumetric 

flask 

China 

Sensitive balance Sartorius Swiss 

Magnetic stirrer LMS-1003 Korea 

Filter paper Whatman 7.0 cm China 

DC power supply 

WANPTEK, type: 

NPS605W; 0-

50V/5A ranging 10-

50 V 

China 

TDS & EC meter portable A1, EZDO China 

Peristaltic pump 
BT100S, 

GOLANDER PUMP 
USA 

pH meter WTW, Bench model Germany 

Atomic absorption 

flame 

spectrophotometer 

A-shimadzuaa-7000f Japan 

 

2.4 Electrocoagulation process 

 

Electrocoagulation (EC) is an electrochemical technique 

that has a number of important benefits, such as versatility, 

cost-effectiveness, selectivity, safety, low sludge generation, 

high removal efficiency, and energy efficiency (Figure 1) [14, 

15].  

 

 
 

Figure 1. Electrocoagulation schematic diagram 

 
Some of the main operational parameters that affect the 

electrocoagulation process are inter-electrode distance, pH of 

the solution, type of electrode, current density, and electrode 

configuration. 

The anodic dissolution reaction (Eq. (1)) forms in-situ 

coagulants in the electrocoagulation chamber, and hydrogen 

gas is formed at the cathode (Eq. (2)), and hydroxide ions are 

formed at the anode (Eq. (3)). These coagulants formed 

electrochemically are important in the formation of flocs of 

metal hydroxide that are effective adsorbents in the removal of 

pollutants [16]. 

 
At anode: M(s) → Maq

 3++ ne- (1) 

 
H2O → 4Haq

+ + O2 (g) + 4e-  (2) 
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At cathode:  nH2O + ne- → 
n

2
 H2 (g) nOHaq

−  (3) 

 

2.5 Experimental set-up 
 

The flow chart in Figure 2 shows the experimental 

procedure of the electrocoagulation process.  

 

 
 

Figure 2. Experimental process in electrocoagulation flow 

chart 
 

2.6 Batch experiments 
 

The batch experiments were carried out in a 500 mL glass 

beaker, where 300 mL of heavy metal solution was used, at 

ambient temperature of 25 +/- 2℃, as depicted in Figure 3. 

The rectangular shape of iron and graphite electrodes has a 

length of 9 cm, a width of 3 cm, and a depth of 1cm. Iron was 

used as an anode and graphite as a cathode in the EC cell. 

 

 
 

Figure 3. (a) Photographic diagram of batch 

electrocoagulation instruments with iron anode and graphite 

cathode, (b) Components and configuration of 

electrocoagulation instruments used for continuous operation, 

(c) Schematic diagram of batch electrocoagulation 

instruments with iron anode and graphite cathode 

EC experiments were conducted at various inter-electrode 

distances ranging from 2, 3, and 4 cm. The electrolyzation time 

ranged (10, 20, 30, 40, 50, 60, 70, 80, 90) minutes, starting 

with the DC applied voltage ranging (10, 30, 50) V switching 

on. Before and after each experiment, pH, TDS, EC, and 

temperature were measured by a pH meter, TDS, EC, and 

temperature probe.  

The percentage of Cu (II) ion removal was calculated from 

the following Eq. (4) [17]. 
 

𝑅(%) =
(𝐶𝑜 − 𝐶𝑒 )

𝐶𝑜

× 100 (4) 

 

2.7 Continuous experiments 
 

Aqueous Solution was pumped from the storage feed tank 

to the reactor, and the flow was controlled by a Peristaltic 

pump using (0.1, 0.2, 0.3) L/min. Figure 4 shows (a) The 

system used eight electrodes: four iron anodes and four 

graphite cathodes, (b) A photo showed the continuous setup 

with clear electrode placement, (c) Main parts included a 

reaction cell, power source, and flow system for stable 

operation, and (d) A schematic explained electrode roles and 

system configuration. The rectangular shape of iron and 

graphite electrodes has a length is 22 cm, a width of 3 cm, and 

a depth of 1cm. Electrodes numbers 4 electrodes iron and 4 

electrodes graphite. Iron was used as an anode and graphite as 

a cathode in the EC reactor. Using voltage from optimum 

batch experiments: 50 V. During the experiment, the 

dissolution of ions occurred, and the generation of hydrogen 

gas was collected in a balloon on the top of the reactor. 

Different samples were collected every 10 minutes from the 

port then the current was measured by the clamp meter. 

Hydrogen gas bubbles are generated as shown in Figure 4; the 

hydrogen produced is determined and converted to energy and 

cost revenue when used as a fuel, and the TDS, EC, pH, and 

temperature inside the reactor are measured. Energy efficiency 

was 2.7×102, 5.66×102, 7.60×102 KW. 
 

 
 

Figure 4. (a) Electrocoagulation set-up (with 8 electrodes: 4 

anodes, 4 cathodes), (b) Photographic diagram of continuous 

electrocoagulation instruments with iron anode and graphite 

cathode, (c) Components and configuration of 

electrocoagulation instruments used for continuous operation, 

(d) Schematic diagram of continuous electrocoagulation 

instruments with iron anode and graphite cathode 
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2.8 Kinetics model 

 

The removal kinetics of Cu (II) was examined using two 

kinetic models: the pseudo-first-order and pseudo-second-

order models. These models were applied to experimental data 

to identify the most suitable one for the system [18, 19]. The 

analysis was carried out by measuring the rate constants, the 

equilibrium time, and concentration. The first-order kinetic 

model can be expressed as follows in general [20]: 

 

𝑙𝑛 𝐶𝑡 = 𝑙𝑛 𝑐𝑡0 − 𝑘1 (5) 

 

Another kinetic model, the second-order model, is also 

available, and it is especially applicable in systems whose rate-

limiting process is the sorption of chemicals [19]. The second-

order equation can be written as: 

 
1

𝐶𝑡
= 𝑘2𝑡 +

1

𝐶𝑡0
  (6) 

 

where, C0 and Ct are the concentration of Cu (II) at time t = 0 

and time t = t, respectively, and k1 and k2 are the first- and 

second-order rate constants. The slopes of the graphs of ln Ct 

and Ct1 against t were used to calculate the values of k1 and k2 

[21]. 

 

 

3. RESULTS AND DISCUSSION  

 

3.1 Batch electrocoagulation results 

 

3.1.1 Removal efficiency at different applied voltage and 

electrolysis time 

Figure 5 demonstrates how the removal efficiency of the ion 

of Cu (II) ions with the help of iron–graphite electrodes was 

affected by the applied voltage (10 V, 30 V, and 50 V) over 

time. Removal efficiency increases with both an increase in 

voltage as well as time of electrolysis in Figure 5. The highest 

efficiency occurs continuously at 50 V, 30 V, and 10V. This is 

because of higher current densities at high voltages, which 

increase iron anode dissolution and coagulant (Fe²⁺/Fe³⁺) 

formation, and increased gas evolution, which promotes 

mixing and flotation. The Fe-graphite interface significantly 

improves electron transfer by providing a conductive pathway, 

which accelerates the Fe²⁺/Fe³⁺ redox cycle. This enhancement 

boosts reaction kinetics, reduces energy loss, and increases the 

efficiency and stability of electrochemical processes involving 

iron electrodes. For Cu (II) shown in Figure 5, removal 

efficiency increases steadily up to where 50 V achieves almost 

complete removal in 10–15 minutes and is stable at 25 minutes. 

This is an indication of effective electrochemical reduction 

and co-precipitation with iron flocs [22], indicating the effect 

of voltage as well as system chemistry on electrocoagulation 

performance. 

 

3.1.2 Removal efficiency at different electrode distances and 

electrolysis time 

Figure 6 shows the effect of varying the electrode distances 

(2 cm, 3 cm, and 4 cm) on the removal efficiencies of Cu (II) 

ion with iron–graphite electrodes at constant voltage (50 V) 

over different electrolysis durations with regards to horizontal 

point of intersection. Regardless of Figure 6, 3 cm electrode 

spacing is found to be optimal in all cases, followed by 4 cm, 

and 2 cm gives the least removal efficiency. This trend 

emphasizes the significance of optimal spacing to successful 

electrochemical reaction. At 3 cm, the system probably 

maintains an equilibrium between electric field strength and 

ionic mobility for effective coagulant production, enhanced 

floc interaction, and maintenance of gas bubble dispersion. On 

the contrary, the 2 cm spacing might cause excessive gas 

evolution and localized turbulence or, even, short-circuiting, 

which will interfere with the floc formation. At 4 cm, greater 

clearance can reduce the current density and introduce higher 

resistance, degrading the efficiency of the overall process. In 

Figure 6, Cu (II) removal, there is steady growth in efficiency 

with time for all spacings, with 3 cm clearly outperforming the 

rest, being effective in high removal from 15–20 minutes. This 

result is an illustration of the advantages of well-dispersed 

coagulants and controlled gas evolution at appropriate spacing. 

The 3 cm distance provides an optimal balance for maximizing 

removal efficiency, supporting earlier studies such as study 

[23] on the influence of inter-electrode distance in such 

systems. 
 

 
 

Figure 5. Effect of the different applied voltage and 

electrolysis time on removal efficiency of Cu (II) ion from 

(Iron + graphite) electrodes 
 

 
 

Figure 6. Effect of the different electrode distances, 50 V, 

and electrolyzation time on removal efficiency of Cu (II) ion 

from (Iron + graphite) electrodes 

 

3.1.3 Removal efficiency at different other parameters 

Figure 7 presents changes in key supporting parameters, 

electrical conductivity (EC), total dissolved solids (TDS), 

temperature, electric current, and pH during Cu (II) removal 

via electrocoagulation using iron–graphite electrodes at 

applied voltages of (a) 10 V, (b) 30 V, and (c) 50 V. At all 

voltage levels, both EC and TDS decreased over time, 

indicating the effective removal of dissolved ionic species 
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through coagulation and precipitation. The most significant 

reduction occurred at 50 V, reflecting enhanced ionic 

destabilization and metal removal at higher voltage. 

Temperature steadily increased across all conditions, with 

greater rises at higher voltages due to Joule heating. This heat 

generation may improve reaction rates and coagulant 

solubility, though excessive temperatures could risk floc 

destabilization if uncontrolled. Electric current showed a slight 

upward trend, especially at 50 V, likely due to ongoing 

electrode dissolution and reaction activity. The rise suggests 

sustained conductivity and an active electrochemical 

environment. pH remained relatively stable throughout the 

experiments, with only minor fluctuation. This stability may 

result from the water’s buffering capacity and limited 

hydrogen or hydroxide ion production under the tested 

conditions. Maintaining a steady pH is beneficial, as 

significant shifts could impair metal hydroxide formation and 

reduce removal efficiency [24].  
 

 
 

Figure 7. Effect of the different parameters and electrolysis time on removal efficiency of Cu (II). (a) 10 V, (b) 30 V, (c) 50 V 

from (Iron + graphite) electrodes 
 

3.2 Continuous electrocoagulation results 

 

3.2.1 Removal efficiency at different flow rates 

In Figure 8, which illustrates the effect of 50 V applied 

voltage, 3 cm electrode distance, different flow rates, and 

electrolyzation time on the removal efficiency of Cu (II) ion, 

the results demonstrate that the 0.3 L/min flow rate achieved 

the highest removal efficiency, reaching approximately 90% 

for the contaminants. This flow rate was superior to the 0.2 

L/min and 0.1 L/min flow rates at lower efficiencies of 

removal. The enhanced performance at a flow rate of 0.3 

L/min is explained by the fact that it provides appropriate 

contact time with necessary flow for continuous processing. 

With such a flow rate, the water remains in contact with the 

electrodes long enough for them to reach the required 

coagulation and precipitation of the contaminants. The 

coagulation process, which is important to remove metal ions 

such as Cu (II), requires optimized conditions for the 

formation of stable flocs, which can be removed from the 

water. Under condition of a low flow rate (in the case of 0.1 L 

/ min), the system undergoes a slow water movement through 

the reactor, resulting in an unacceptably long residence time. 

Although this may appear advantageous for prolonging the 

contact time, it might cause inefficiencies as this would not be 

a system that would be designed for a continuous flow, and 

therefore, the overall removal efficiency would drop. The 

same applies to a 0.2 L/min flow rate, which is marginally 

preferable, but does not offer the same ideal dynamic as the 

0.3 L/min flow rate. At this intermediate rate, the flow is too 

slow, but still does not provide the maximum effective 

treatment observed at the higher flow rate. At 0.3 L/min flow 

rate, optimal removal of contaminants in the (Iron + Graphite) 

is achieved because of maximizing the contact time between 

contaminants and electrodes that still allows for continuous 
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flow [25]. Such balance brings up the most efficient removal; 

the removal rate reaches approximately 90% for metals under 

study. 

 

 
 

Figure 8. Effect of 50 V applied voltage, 3 cm electrode 

distance, different flow rate, and electrolyzation time on 

removal efficiency of Cu (II) ion from (Iron + graphite) 

electrodes 

 

3.2.2 Removal efficiency at different other parameters 

Figure 9 shows the experimental data that shows the effect 

of the operational variables flow rate and electrolysis time on 

the efficiency of removing Cu (II) using iron-graphite 

electrodes. Three flow rates were studied: (a) 0.1 L/min, (b) 

0.2 L/min, and (c) 0.3 L/min. The results indicate that Cu (II) 

removal efficiency increases with an increase in flow rates. 

The removal efficiency was the lowest at a flow rate of 0.1 

L/min. This finding is in line with the lack of contact time 

between electrodes and pollutants, resulting in low 

coagulation and precipitation. The low water velocity limited 

the effectiveness of the electrocoagulation process since Cu 

ions did not have adequate contact with coagulating agents, 

thus failing to form flocculated structures. An incremental 

increase was seen at 0.2 L/min; the increased flow rate resulted 

in better mixing of the solution, which improved contact 

between Cu ions and electrodes. However, the efficiency was 

not equal to the one obtained at 0.3 L/min, which means that 

the best results are achieved at flow rates higher than 0.2 L/min. 

The maximum removal efficiencies were obtained at the flow 

rate of 0.3 L/min, which is a trade-off between contact time 

and dynamic forces. At this speed, the solution spent sufficient 

time at the electrodes to allow coagulation, floc formation, and 

high metal-ion removal rates. Furthermore, the high flow rate 

provided an easy dispersion of hydrogen gas, better mixing, 

and flotation of flocs, which eventually increased the 

efficiency of Cu (II) removal [4, 26]. 
 

 
 

Figure 9. Effect of the different parameters and electrolysis time on removal efficiency of Cu (II). (a) Flow rate 0.1 L/min, (b) 

Flow rate 0.2 L/min, (c) Flow rate 0.3 L/min from (Iron + graphite) electrodes 
 

3.2.3 Cost, revenue, and Energy generated by Hydrogen gas  

Different experiments were carried out in order to study the 

conversion of the H2 gas (L) to green Energy fuel (KW) and 

cost revenue ($) concerning the Flow rate (0.1, 0.2, 0.3) L/min, 

and the operating condition included 50 V applied voltage as 

shown in Figure 10. 
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Figure 10. Cost, revenue, and Energy generated Hydrogen 

gas (L) at different flow rates from Cu (II) (Iron + graphite) 

electrodes 
 

 
 

Figure 11. Hydrogen bubbles (a) Photographic diagram of 

continuous electrocoagulation instruments with iron anode 

and graphite cathode, (b) Photographic diagram of 

continuous electrocoagulation instruments with four iron 

anodes and four graphite cathodes 
 

The hydrogen gas bubbles are generated as shown in Figure 

11, and determine the hydrogen generated and convert it to 

energy and cost revenue by using it as a fuel. determine the 

TDS, EC, pH, and Temperature inside the reactor. During the 

experiment, the dissolution of ions occurred, and the 

generation of hydrogen gas was collected in a balloon as 

shown in Figure 12. The hydrogen production efficiency 

decreases as the residence time within the electrocoagulation 

reactor shortens. This reduction limits the duration for 

electrochemical reactions to occur, thereby lowering hydrogen 

generation, necessitating a trade-off between pollutant 

removal and energy output in Fe-graphite electrocoagulation. 

 

 
 

Figure 12. Hydrogen gas balloon collector during the 

experiments 

 

3.3 Kinetics models in batch EC reactor 

 
The study findings indicate that the pseudo-second-order 

model can be used to describe the diffusion-controlled process 

better than the pseudo-first-order model. As indicated in 

Figures 13(a) and (b), the R2 of the pseudo-first-order and 

pseudo-second-order models were 0.86 and 0.98, respectively. 

This suggests that the process may be governed by surface 

chemical factors or complex molecular interactions that the 

pseudo-first-order model cannot accurately represent. 
 

 
 

Figure 13. Plots of the first-order and second-order reaction models of the experimental data of the Cu (II) ion removal in a batch 

EC reactor (Experimental conditions: Temperature: 26.7℃; pH: 7; Electrode distance: 3 cm; Voltage: 50 V; Reaction time: 90 

min) 

a b 
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4. CONCLUSIONS 

 

This paper examined the effectiveness of electrocoagulation 

with Fe-Gr electrodes in the removal of Cu (II) in aqueous 

solutions. The results show that Fe-Gr electrodes significantly 

increase the efficiency of removal compared to the traditional 

techniques, which is explained by the synergetic effect of the 

coagulant effect of iron and the large surface area of graphite, 

which increases the adsorption capacity. The findings show 

that the operational parameters, namely, applied voltage, inter-

electrode distance, and treatment time, have an important 

impact on the removal performance. The best conditions were 

obtained at an applied voltage of 50 V and an inter-electrode 

spacing of 3 cm the presence of graphite minimizes anode 

passivation by facilitating efficient electron transport and 

preserving surface conductivity, thereby enhancing overall 

electrochemical activity and system stability, where almost 

100 percent Cu (II) removal was achieved in 25 min of batch 

treatment. Continuous operation gave a flow rate of 0.3 L/min 

which gave a 90% removal efficiency of Cu (II), which shows 

the significance of optimizing the flow-rate. The kinetic data 

indicate that the removal follows a pseudo-second-order 

model with an R2 of 0.98, which highlights the fact that 

chemical sorption is the rate-limiting process. Other 

interesting results were the release of hydrogen gas in the 

electrolysis process. The hydrogen gas produced catholically 

can be harnessed as a green fuel thus making the process more 

sustainable. The produced hydrogen can be used to produce 

energy, which has both environmental and economic benefits. 

All these findings point to the fact that electrocoagulation with 

Fe-Gr electrodes is a potentially good wastewater treatment 

and energy recovery technology that can be used to address the 

problem of environmental contamination in a sustainable and 

cost-effective manner. The synthetic wastewater prepared for 

the experiment was designed to replicate the key 

physicochemical properties of real wastewater, allowing the 

test conditions to realistically simulate practical treatment 

environments and support accurate performance assessment. 
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