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Abstract 
 

   Foam electrodes, represented by metal foams, are characterized by their highly porous three-dimensional structure and relatively 

large surface area. They have high electrical conductivity and advanced and promising functional materials in wastewater treatment. 

The unique design of the structure with porous materials provides increased catalytic sites, improved mass transfer, easier of electron 

transfer, and long-term durability under extreme operating conditions. These characterizations make them very suitable materials for 

electrochemical processes. This review focuses on the manufacturing materials of foam electrodes and their new applications in 

electrochemical oxidation, adsorption, and electrocoagulation processes. It was specifically mentioned various types of electrodes, 

such as nickel, copper, iron, and aluminum, RVC, graphene and highlights their ability to remove toxic organic contaminants, dyes, 

and heavy metals .The removal efficiency of the electrochemical processes ranged from 70% to 99% depending on the electrode 

material .Nickel foam followed by copper then graphene foam had the superior performance in advanced oxidation processes 

whereas COD removal varied from 40 to 92% depending on the operation conditions . A structured literature survey covering 

publications from 2015 to 2025 finally, foam electrodes play a significant role in wastewater treatment. 
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1- Introduction 

    

   Major global environmental concern due to increase 

pollutants of water resources as expanding in industrial 

activities, rapid urban development, and population 

growth [1]. The wastewater discharged from industrial 

[2], agricultural [3], and domestic sources often contains a 

complex mixture of pollutants such as organic 

compounds, heavy metals [4], dyes [5], pharmaceuticals 

[6], and other contaminants. The discharge of these 

pollutants into natural water resources can negatively 

affect aquatic ecosystems [7], cause reduced water 

quality, and pose serious risks to public health. 

Conventional treatment technologies such as physical, 

chemical, and biological methods have been widely 

employed for wastewater remediation, but their 

effectiveness is often limited when dealing with 

intractable pollutants [8]. Furthermore, high energy 

consumption issues, operational involvement, and 

secondary waste generation have encouraged the search 

for more effective and environmentally sustainable 

treatment processes [9].   

   Electrochemical treatment has attracted a lot of attention 

lately than other process [10]. Because of its high 

efficiency, ease of operation, and ability to work under 

different conditions. These processes, such as 

electrooxidation [11], electrocoagulation [12], 

electrocatalysis, and electro-Fenton reactions [13], 

showed high potential for the removal of pollutants from 

water and thy have ability to break down complex organic 

compounds into easily removable components. Also, 

these technologies are primarily affected by the type and 

efficiency of the electrodes used, as well as the materials 

from which those electrodes are made, which in turn 

primarily control electron transport, catalytic activity, and 

mass transfer during processing [14]. 

   The two-dimensional electrodes, are easy to operate and 

maintain are used for the conventional electrochemical 

oxidation process. However, a small plate electrode area 

with large electrode spacing, and a uniform and 

monotonous electrode surface are responsible for the 

major disadvantages of 2D electrochemical reactors, 

which include a limited electrode active surface area, 

limited mass transfer, and low current efficiency [15]. 

   In recent decade, foam electrodes have emerged as 3D 

promising materials for electrochemical wastewater 

treatment because of its porous structures. Compared with 

traditioned electrodes, foam electrodes provide 

significantly higher surface areas, enhanced mass transfer, 

improved reactant accessibility, and a greater density of 

active sites. there are many types of foam materials, 

including nickel foam [16], copper foam [17], iron foam 

[18], stainless steel foam [19], and graphite foams [20], 

have been investigated as electrode substrates or catalytic 

supports for wastewater treatment applications. 
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   Foam electrodes became as promising materials for 

electrochemical wastewater treatment because of reported 

in the treatment of various industrial effluents containing 

dyes [21], pharmaceutical [22], heavy metals [23], and 

other persistent pollutants.[24]. 

   An overview of recent foam electrode research is given 

in this work, which also examines the mechanics and 

applications of these electrodes in wastewater treatment. 

Past reviewers either covered a wide range of 3D 

electrode materials in their studies or focused merely on a 

single foam electrode material without addressing or 

providing a sufficient comparison between different 

metallic and carbon-based foam electrodes. Therefore, 

this review aims to reduce the gap by systematically 

evaluating structural characteristics and preparation 

methods of various foam electrodes used in wastewater 

treatment as well as their electrochemical performance, 

removal efficiency and limitations. 

 

2- Electrochemical wastewater treatment 

fundamentals 

 

2.1. Electrochemical oxidation process 

 

   Electrochemical oxidation (EO) is advance oxidation 

technique that uses electrical energy to eliminate 

contaminants and impurities from water by using 

oxidation-reduction reactions, which take place at 

electrode surfaces and electrolytes, and this process has 

become a green process because their clean performance 

[25]. These processes detect as environmental 

compatibility and high treatment efficiency; also, they can 

destroy inorganic contaminants without any need for 

significant chemical additions. Briefly, there are two 

types of EO, the direct process [26], which degrades 

pollutants through direct electron transfer (DET) between 

the anode surface and impurities. However, in indirect EO 

[27], organic contaminants react uniformly with strong 

oxidants such as Cl₂, H₂O₂, HClO, ClO-, SO₄²⁻, and O₃. 

Numerous variables, including electrode material, current 

density, electrolyte composition, initial concentration, 

solution pH, and the space between electrodes, can affect 

the electrochemical treatment [28]. the most famous 

oxidants were the hydroxyl radicals OH which 

considered the most effective one due to its high 

oxidation potential and non-selectivity toward a wide 

range of organic compounds, the generation of OH 

occurs through water discharge at the anode according to 

the following reaction Eq. 1: 

 

𝐻2𝑂 → 𝑂𝐻 + 𝐻+ + 𝑒−                (1) 

  

2.2. Electrocoagulation process  

 

   In its simplest description electrocoagulation (EC) is an 

electrochemical process used for water treatment that uses 

sacrificial electrode metal like aluminum or iron to 

generate coagulants Eq. 2 and 3 [29], which is a 

phenomenon where charged particles in colloidal 

suspension agglomerate after being neutralized by mutual 

collisions with counterions and followed by 

sedimentation [30]. Throw the process, metal ions 

released from the anode and react with hydroxide ions to 

form metal hydroxides, which destabilize and aggregate 

contaminants into removable floc. This method eliminates 

metals, colloidal solids and particles, dyes, and soluble 

inorganic contaminants from aqueous media. Compared 

with conventional chemical coagulation, it offers lower 

chemical consumption, reduced sludge production, and 

simpler operation [31, 32]. Fig. 1 shows the 

electrocoagulation mechanism.  

 

𝐴𝑙 →  𝐴𝑙³⁺ +  3𝑒                 (2) 

 

𝐹𝑒 →  𝐹𝑒²⁺ +  2𝑒                    (3) 

 

 
Fig. 1. EC treatment process from Ref. [33] under 

Creative Common CC BY license 

 

2.3. Electro-Fenton process  

 

   The most important process was the electro-Fenton (EF) 

process is an advanced electrochemical oxidation 

technology were widely used for wastewater treatment 

which could removing different type of contaminate such 

as refractory organic pollutants, dyes, pharmaceuticals, 

pesticides, and industrial pollutant [34]. It is based on the 

in situ electrochemical generation of hydrogen peroxide 

(H₂O₂) and the catalytic production of hydroxyl radicals 

(•OH), which are highly reactive oxidizing species 

destroyed mineralizing organic pollutants into carbon 

dioxide, water, and inorganic ions [35] Fig. 2 represent 

the process mechanism. In the (EF) process, oxygen is 

reduced at the cathode to produce hydrogen peroxide 

according to the following reaction Eq. 4 [36]: 

 

𝑂2 + 2𝐻+ + 2𝑒− → 𝐻2𝑂2               (4) 
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Fig. 2. Electro-Fenton process mechanism (created by the 

author) 

 

   The Ferrous ions (Fe+²) can be added to the reactor 

directly in a suitable amount required to the reaction with 

(H2O2) or generated in electrochemical reaction to form 

hydroxyl radicals (OH) by classical Fenton reaction Eq. 5 

[37]: 

 

𝐹𝑒2+ + 𝐻2𝑂2 → 𝐹𝑒3+ + 𝑂𝐻− + 𝑂𝐻                           (5) 

 

   The ferric ions (Fe³⁺) during the reaction can be genera 

and continuously reduced back to (Fe+² ) at the cathode 

Eq. 6 [38]: 

 

𝐹𝑒3+ + 𝑒− → 𝐹𝑒2+                                           (6) 

 

   The EF offers many advantages by including high 

oxidation efficiency so it have the ability to remove a 

wide range of contaminant from wastewater also 

considered a friendly process when compared with 

conventional Fenton oxidation, and low energy 

consumption [39-41]. Although the high performance of 

electro Fenton process, there are several negative impacts 

the acidic pH range (2–4) and sludge generation at higher 

pH levels. Furthermore, the generation of iron sludge in 

the reactor increases sludge handling and disposal costs as 

well as the energy consumption under high current 

densities also remains a significant economic concern [42, 

43]. 

 

3- Foam electrodes materials in electrochemical 

systems  

 

3.1. Metal foam electrodes 

 

3.1.1. Nickel foam  

 

   Nickel foam electrode is one of the most important 

three-dimensional electrodes used in electrochemical 

wastewater treatment   due to unique skeleton structure 

which provide large surface area for reaction and high 

electrical conductivity as well as excellent mechanical 

stability nickel metals have a strong corrosion resistance 

[44]. The porous structure of nickel foam allows efficient 

transport of electrolytes and reactants, providing a large 

of electroactive sites compared to conventional non 

porous electrodes. These characteristics enhance electron 

transfer and improve the overall efficiency of 

electrochemical reaction [45]. Fig. 3 shows the nickel 

foam electrode. 

   In electrochemical processes nickel foam can role as 

either an anode or a cathode depending on the process 

application. It is employed in wide range of 

electrochemical process such as electrochemical 

oxidation, electrocoagulation, and electro-Fenton systems, 

and electrochemical sensors. During electrochemical 

oxidation, the large surface area of nickel foam enhances 

the generation of reactive oxygen species such as 

hydroxyl radicals (•OH), which are capable of degrading 

organic pollutants in wastewater [46, 47]. Table 1 

summarize the nickel foam electrode recently. 

 

 

 
Fig. 3. Nickel foam cathode (1 mm and 10µm) [51] 
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Table 1. Nickel foam electrode in electrochemical process 

pollutant Electrochemical process Electrode 
Removal 

efficiency% 
year Reference 

Poly R-478 electro- Fenton Nickel Foam Cathode 
complete 

elimination 
2016 [48] 

phenol electro- Fenton 
composite nickel-iron-foam (Ni-Fe-F) 

electrode 
100% 2018 [49] 

rhodamine B 

(RhB) 
electro- Fenton three-dimensional nickel foam 92.5% 2020 [16] 

phenol electro- Fenton Nickel Foam Cathode 100% 2020 [50] 

phenol electro- Fenton Nickel Foam Cathode 81.335% 2023 [51] 

Methylene 

blue (MB) 

electro-Fenton process 

with anodic oxidation 
Coated Nickel Foam Cathode 94.1 % 2023 [52] 

bisphenol A 

(BPA) 

Heterogeneous electro-

Fenton 
Nickel Foam Cathode 95.52% 2023 [53] 

Ciprofloxacin 
Heterogeneous electro-

Fenton 
Loaded Nickel Foam Cathode 95.11 % 2024 [54] 

industrial 

wastewater 
Microbial Electrolysis cell Nickel Foam Cathode COD 40% 2024 [55] 

3.1.2.  Copper foam  

 

   Copper foam electrode similar to nickel foam in 

structure both have a three-dimensional porous electrode 

material that has attracted considerable attention in 

electrochemical processes recently because of its high 

electrical conductivity, and low cost as well as excellent 

electron transfer properties [56] . The wide porous 

structure of copper foam provides many active sites and 

efficient mass transport of reactants and products this 

enhanced electrochemical performance compared with 

conventional planar copper electrodes.    

   In electrochemical wastewater treatment copper foam 

can work as an electrode and a catalyst support because of 

Its porous structure which promotes the generation of 

reactive oxygen species and improves the contact between 

the pollutants and the foam electrode surface this led to 

increase degradation efficiency. same as nickel foam 

copper foam has been widely used in electro-Fenton and 

electrochemical oxidation. Furthermore, the surface can 

be modified with different metal oxides or other catalytic 

coatings to improve catalytic activity, and stability  

Table 2 summarize the copper foam electrode in 

electrochemical process and Fig. 4 shows the copper foam 

electrode in different PPI (porous per inch). 

 

3.1.3. Iron foam 

  

   The researches previously employed 3D iron foam as a 

catalyst in the EF Fig. 5, demonstrating that it could 

consistently supply iron ions for EF [63]. A large 

effective contact area and a large number of micro-

electrolysis cells are provided by the overall 3D electrode, 

and the electrochemical reaction occurs on the surface of 

each particle electrode. However, there are two 

advantages to employing iron foam. Iron foam fuels the 

reaction with Fe2+, which combines with H2O2 to produce 

OH•, which oxidizes organic contaminant, and acts as a 

three-dimensional particle to provide active sites and 

boost reaction efficiency [18]. iron foam electrodes show 

high advantages over traditional powder catalysts in terms 

of streamlining electrode preparation procedures by 

lowering interfacial resistance and, increasing active site 

exposure, and boosting structural stability [64]. As well as 

iron offers mechanistic insights into catalyst corrosion 

and is in charge of the high selectivity and higher current 

densities [65, 66]. Table 3 summarize the iron foam 

electrode in electrochemical process. 

 

Table 2. Copper foam electrode in electrochemical process 

pollutant Electrochemical process Electrode 
Removal 

efficiency% 
year Reference 

methyl orange (MO) electro- Fenton copper Foam Cathode 98% 2025 [17] 

antibiotic 

sulfamethoxazole (SMX) 
electro- Fenton 

Cu2O@CNTs/CF 

composites electrode 
100% 2021 [57] 

methyl orange 
heterogeneous Fenton’s 

reaction 

Fe0 electrodeposited 

onto Cu foam 
full decolorization 2022 [56] 

methyl orange 

(3D) Three-Dimensional 

Electro-Fenton 

process 

copper Foam Cathode 95.62% 2024 [58] 

Norfloxacin heterogeneous electro‐Fenton 
Cu–N–C on Copper 

foam 
97.36 % 2025 [59] 

Landfill Leachate 
heterogeneous electro-Fenton 

(EF) 

Cu-coated Ni-foam 

cathode 

72.74 % COD and 

65.31 % TOC 
2025 [60] 

Copper ions industrial 

effluent 
Electrochemical process copper Foam Cathode 98% 1999 [61] 
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Fig. 4. Copper foam from ref.[62] under creative common CC BY license 

 
Fig. 5. Scanning electron microscope (SEM) images of iron foam structures [18] under a Creative Commons 

Attribution 4.0 International License 
  

Table 3. Iron foam electrode in electrochemical process 

pollutant 
Electrochemical 

process 
Electrode Removal efficiency% year Reference 

pharmaceutical 

wastewater 

Heterogenous electro- 

Fenton 

iron foam-derived 

electrode (FeOx/if-400) 
100% 2024 [67] 

folic acid (FA) electro-Fenton (EF) 

three-dimensional (3D) 

iron foam was used as the 

particle electrode 

COD and TN removal 

percentage of FA 

wastewater reached 43.5% 

and 70.4% 

2019 [63] 

Tripolyphosphate (TPP) electro-Fenton (EF) iron-foam catalyst 88.69% 2018 [68] 

phenol 
3D electro-Fenton 

technique 

three-dimensional (3D) 

iron foam was used as the 

particle electrode 

phenol removal of 92.58 % 

and (COD) of 89.33 % 
2023 [18] 

 

https://creativecommons.org/licenses/by/4.0/
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3.1.4. Aluminum foam 
 

   Aluminum foam electrode was a lightweight 3D 

dimensional porous electrode material with high electrical 

conductivity, and a large surface area. These unique 

mechanical and physical characteristics for these 

electrodes were usually used in electrocoagulation (EC) 

process in wastewater treatment applications where the 

dissolution of aluminum produces coagulant species in 

situ making it easier to remove suspended particles, 

colloids, organic matter, and heavy metals from water. 

During electrocoagulation process aluminum foam 

electrode was oxidized at the anode to release Al³⁺ ions, 

which then hydrolyze to form aluminum hydroxide flocs. 

These flocs effectively adsorb and contaminants and 

increase their aggregation and easy to remove [69]. 

   Compared with other conventional aluminum plates 

electrodes aluminum foam electrodes offer improved 

mass transport and increasing active surface area also 

enhanced treatment efficiency. Recent studies Table 4 

have shown that aluminum foam used in 

electrocoagulation process can achieve high removal 

efficiencies for chemical oxygen demand (COD) and 

improve the removal of turbidity as well as organic matter 

also the researches show low chemical consumption [70]. 

 

Table 4. Aluminum foam electrode in electrochemical process 

pollutant 
Electrochemical 

process 
Electrode Removal efficiency% year Reference 

Greywater samples 

collected from 

domestic sources 

electrocoagulation (EC). Aluminum foam 86.34% 2025 [71] 

Synthetic 

groundwater solution 
electrocoagulation (EC). Aluminum foam High removal efficiency 2022 [72] 

Ground water 

treatment 
electrocoagulation (EC). 

aluminum (Al)-based 

electrocoagulation 

(EC) 

85.1% 2025 [73] 

Synthetic 

groundwater solution 
electrocoagulation (EC). 

sacrificial aluminum 

electrode 

silicate removal of up to 50 ± 4%, 

and hardness removal of 11 ± 1% 
2024 [74] 

municipal wastewater electrocoagulation (EC). 

sacrificial aluminum, 

iron, and magnesium 

electrodes 

Max. COD removal Al = 68 ± 9%; 

(Fe-Fe  = 60 ± 30%; and Mg-

Mg = 27 ± 3%. 

2019 [75] 

 

3.2. Carbon based foam electrodes 

 

3.2.1. Reticulated vitreous carbon (RVC) 

  

Reticulated vitreous carbon (RVC) foam electrodes are 

the most popular and widely investigated carbon foam 

electrodes in electrochemical wastewater treatment 

processes [76]. Its three-dimensional porous skeleton 

structure provides a large specific surface area, and 

excellent electrical conductivity also its chemical stability 

enables it to facilitate the mass-transfer [77]. RVC foam 

has been successfully applied as an anode and cathode 

electrodes as well as work as a membrane in electro-

Fenton and electrochemical oxidation processes due to its 

properties. The removal of organic pollutants and heavy 

metals from water used RVC as more efficient electrodes 

than carbon electrodes. Recent studies showed that 

modified RVC foam electrodes offered superior 

electrocatalytic activity in the generation of hydrogen 

peroxide compared with the conventional carbon 

electrodes[78]. Table 5 shows the commonly used of 

RVC in electrochemical system. 

 

3.2.2. Graphene foam electrodes 

 

   Graphene foam has been widely used as a cathode or 

catalyst support in many electrochemical processes 

including electro-Fenton and electrochemical oxidation. 

The three-dimensional porous structure of graphene foam 

allows for efficient generation of reactive oxygen species 

such as hydrogen peroxide H₂O₂ and hydroxyl radicals 

OH•. The presence of reactive oxygen species enhances 

the degradation of dyes, and other contaminants in waste 

water treatment [84]. The GF morphology also results in a 

decrease in mechanical strength the manufactured 

electrodes need extra metal support for the current 

collectors in a supercapacitor configuration due to this 

mechanical weakness [85] Furthermore, graphene foam 

has the capability of being modified with metal 

nanoparticles, and metal oxides to increase its catalytic 

activity and overall electrochemical performance in 

comparing with flat sheet electrodes [86]. Table 6 shows 

the graphene foam and graphene foam-based electrodes. 

 

3.2.3. Carbon foam electrodes 

 

   Because of their light weight and strong electrical and 

thermal conductivities carbon foams can be useful 

containers for active materials in a variety of applications 

[89]. The exceptional physicochemical features  such as 

high porosity near to (97–99%) as well as strong 

structural integrity carbon foam (CF) is a versatile carbon 

material that may be used as a porous electrode or as a 3D 

current collector [90]. Also  low density, and excellent 

thermal and electrical conductivity was a great attention 

in electrochemical process .For the gas separation and  

water purification carbon foam used as catalyst support 

electrodes of electrochemical double layer capacitors and 
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fuel cells, porous carbon structures have drawn a lot of 

attention [91]. Studies addressing the use of carbon foam 

as electrodes in oxidation processes are very limited, as it 

is often replaced by RVC foam. However, carbon foam 

has found in other than electrochemical fields such as 

capacitive deionization, and fuel cells. Table 7. Show the 

recent carbon foam used. 

   To provide more comprehensive comparison, Table 8 

summarizes the main advantages, and disadvantage of the 

different foam electrode. 

   The important and efficiency of foam electrodes in the 

electrochemical treatment of wastewater are summarized 

in Fig. 6. And were assessed in this review. These 

electrode improvements have advanced significantly over 

the last ten years, 3D electrodes, a fundamental aspect 

technology, improve pollution removal and electro 

catalytic oxidation efficiency. 

 

Table 5. Reticulated vitreous carbon (RVC) foam electrode in electrochemical process 

pollutant 
Electrochemical 

process 
Electrode 

Removal 

efficiency% 
year Reference 

Blue Basic 9 (BB9), Reactive Black 

5 (RB5) and Acid Orange 7 (AO7) 
electro-Fenton (EF) (RVC) foam electrode 90% 2015 [79] 

Acid Orange 7 electro-Fenton (EF) (RVC) foam electrode cathode 100% 2018 [80] 

methylene blue electro-Fenton (EF) 
RVC electrode coated with 

magnetic iron oxide nanoparticles 
100% 2022 [81] 

Cr(VI) microbial fuel cell RVC-CNT electrode 80.9% 2017 [82] 

Cd 2+ Ion Electrodeposition (RVC) electrode 99% 2002 [83] 

 

 

Table 6. Summarized graphene foam and graphene foam-based electrodes 

pollutant 
Electrochemical 

process 
Electrode Removal efficiency% year Reference 

phenol 
electro-Fenton 

(EF) 

Graphene foam as a 

cathode material 
(78% after 3 h) 2016 [87] 

Pharmaceutical 

wastewater 

(ibuprofen) 

electro-peroxone 

process 

graphene-coated 

nickel foam (Gr-NF) 

75.0% TOC mineralization within 8 h, 85.9% 

of decolorization, 78% TSS, 85% turbidity 
2022 [88] 

 

 

Table 7. Summarized carbon foam electrodes 

pollutant 
Electrochemical 

process 
Electrode Removal efficiency% year Reference 

Salt removal (NaCl) 
Capacitive 

Deionization (CDI) 

Free-standing porous carbon 

foam 
99.8% 2026 [92] 

Paracetamol, Triclosan, 
Bisphenol, Diclofenac 

Three-dimensional 

Electrochemical 

Oxidation 

Ceramic Carbon Foam Anode High removal 2025 [93] 

 

 

Table 8. Summarized advantage and disadvantage of foam electrode 

Foam Electrode Advantages Disadvantage 

Nickel Foam 
High electrical conductivity and excellent H₂O₂ 

generation 
High cost 

Iron Foam In-situ Fe²⁺ ion release Corrosion prone and sludge formation 

Copper Foam Excellent Conductivity Copper ion leaching and limited stability 

Aluminum Foam Efficient Al³⁺ coagulant generation The Al consumption 

Carbon Foam Light weight and good conductivity 
Low catalytic activity without modification for 

wastewater treatment 

Graphene Foam High surface area than other foams High cost 

RVC Foam 
Excellent chemical stability and have low flow 

resistance 
Very high cost 
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Fig. 6. Summarized the important and efficiency of foam electrodes in the electrochemical treatment for wastewater 

synthesized from the findings of the reviewed literature (2015–2025) (created by the author) 

 

4- Conclusion 

 

   The foam electrodes considered as a new generation of 

electrodes having a 3D porous skeleton structure used in 

electrochemical wastewater treatment owing unique 

characterization made it the preferred electrodes than a 

plate conventional one ,due to high electrical conductivity 

and large specific surface area to increase mass transfer 

reaction also foam electrodes provide a significant 

number of electroactive sites for efficient charge transport 

all these properties enhanced the degradation of a wide 

range of pollutants. 

   Metallic foam electrodes such as nickel foam has 

demonstrated special performance in electro-Fenton and 

heterogeneous electro-Fenton processes due to their 

excellent conductivity and resistance, to corrosion. Iron 

foam shows notable effectiveness in electro-Fenton and 

electrocoagulation processes through the continuous 

release of Fe²⁺ ions in bulk solution and high catalytic 

activity. Aluminum foam is especially suitable for 

electrocoagulation because of its efficient production of 

aluminum hydroxide flocs used for contaminant removal. 

Copper foam has also superior attention as an 

electrocatalytic substrate because of its high conductivity. 

Carbon-based foam electrodes such as reticulated vitreous 

carbon (RVC) and carbon foam as well as and graphene 

foam provide high chemical stability and corrosion 

resistance. 

   Although the considerable proceed achieved during the 

past decade due to increases using foam electrodes in 

waste water treatment several challenges remain before 

foam electrodes. These challenges include electrodes 

long-term structural stability due to sever condition in the 

bulk solution such pH value in electro- Fenton which was 

approximately 3 also leaching, electrode fouling, and the 

lack of studies used real wastewater conditions. So, it was 

very important to focus on developing environmentally 

friendly foam materials, and designing multifunctional 

composite foam electrodes such alloy foam electrodes and 

integrating electrochemical technologies with renewable 

energy systems. 
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مراجعة للمواد : كيميائيا  كهرو  الأقطاب الكهربائية الرغوية لمعالجة مياه الصرف الصحي

 والآليات والتطبيقات
 

 ، *1 هند حسن ثويني
 

 ة، كلية الهندسة، جامعة بغداد، بغداد، العراقويقسم الهندسة الكيميا 1

 
  الخلاصة

 
تميز الأقطاب الكهربائية الرغوية، التي تُمثلها الرغوات المعدنية، ببنيتها ثلاثية الأبعاد عالية المسامية ت     

سطحها الكبيرة نسبيًا. تتمتع هذه الأقطاب بموصلية كهربائية عالية، وتُعد مواد وظيفية متطورة وواعدة  ومساحة
في معالجة مياه الصرف الصحي. يوفر التصميم الفريد لهذه البنية، بموادها المسامية، مواقع تحفيزية متزايدة، 

ة طويلة الأمد في ظل ظروف التشغيل القاسية. ونقلًا أفضل للكتلة، وسهولة أكبر في نقل الإلكترونات، ومتان
هذه الخصائص تجعلها موادًا مناسبة جدًا للعمليات الكهروكيميائية. تركز هذه المراجعة على مواد تصنيع 
الأقطاب الكهربائية الرغوية وتطبيقاتها الجديدة في عمليات الأكسدة الكهروكيميائية، والامتزاز، والتخثير 

رت على وجه التحديد أنواع مختلفة من الأقطاب، مثل الفولاذ المقاوم للصدأ، والنيكل، الكهربائي. وقد ذُك
لّط الضوء على قدرتها على إزالة الملوثات العضوية السامة، والأصباغ، ، وسُ الالمنيوموالنحاس، والحديد، و 

تبعًا لمادة  %99و %70والمعادن الثقيلة. تراوحت كفاءة إزالة الملوثات في العمليات الكهروكيميائية بين 
كسدة المتقدمة، القطب. وقد أظهرت رغوة النيكل، تليها رغوة النحاس ثم رغوة الجرافين، أداءً فائقًا في عمليات الأ

تبعًا لظروف التشغيل. وأظهر  %92و %40( بين CODبينما تراوحت نسبة إزالة الطلب الكيميائي للأكسجين )
أن أقطاب الرغوة تلعب دورًا هامًا في معالجة مياه  2025و 2015مسح منهجي للأدبيات المنشورة بين عامي 

 .الصرف الصحي
 

 . PVC رغوة ،الكتروفنتون غوة النيكل، رغوة النحاس، ر  ،مياه الصرف الصحي الكلمات الدالة:
 

 

 

 

 


