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ABSTRACT: As an essential part of the electrical infrastructure, electrical distribution boards (EDBs)  play an important role in 

efficient power management and distribution.  However, they are facing a widespread and significant challenge by the corrosion 

problem.  Understanding and preventing corrosion in EDBs is crucial for maintaining the reliability, performance, and safety of 

electrical power systems.  This paper reviews the different types of corrosion in EDBs, as well as the influential factors that can 

contribute to the occurrence of corrosion.  The detrimental effects that corrosion poses on the safety, electrical failures, and 

associated losses of EDBs are also discussed.  Finally, measures are proposed to prevent the corrosion and ensure the normal 

function of EDBs. 
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I. INTRODUCTION1 

Corrosion is a natural process that causes the degradation 

of a metal when it reacts with its environment[1-3]. 

Environmental elements such as humidity, ions, pH, and 

oxygen content can all affect corrosion[4-8]. Corrosion 

occurrences cause enormous issues in the energy industry, 

including coal mining, fossil fuel, oil and gas industry, and 

electric power systems[5-7, 9-12]. In electrical power systems 

as illustrated in Fig. 1, the three major sectors including the 

electrical generation, transmission, and distribution sectors all 

contain large amounts of metal components in many 

equipment and accessories such as conductors, connectors, 

terminal bars, cable towers, transformers, ground electrodes, 

conduits, and enclosures. Corrosion can take place in any part 

of such a huge electrical power system and needs to be paid 

careful attention to prevent any possible damages, that may 

lead to equipment failures, energy losses, and safety hazards.  

 

 
Fig. 1.  Schematic diagram of the electrical power systems 
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The initial corrosion in electrical systems might not create 

many problems in the beginning when the systems are still 

able to supply their loads as normal.  This may cause some 

technical inspectors to neglect the investigation of the 

developing problem due to a lack of awareness of long- term 

consequences [13-15]. However, the corrosion reactions will 

slowly develop and eventually damage the systems, as there 

are many cases reported of the corrosion attack in different 

parts of the power systems resulting in the loss of reliability 

and performance of the systems [16-27].  

The current paper limits the discussion only to the corrosion 

that appears on the electrical distribution boards ( EDBs) 

installed on the customers’  side, particularly, residential 

customers.  Usually, the electrical systems installed in 

factories and office buildings are regularly inspected and 

maintained by professional engineering teams and thus 

corrosion can be suppressed to a large extent. However, in the 

case of residential buildings or houses where they do not have 

professional teams to regularly monitor the systems, corrosion 

can easily develop on unprotected metal surfaces of the 

electrical system after a certain period.  In a study on the 

electrical inspection of 1,052 residential electrical service 

panels in which the age of equipment ranged between brand 

new and over 50 years old [11], D. J. Friedman revealed that 

126 cases or 12% of all panels showed corrosion or corrosion-
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related defects in different parts of the electrical distribution 

boards, including the panel surface, entrance cables and their 

connectors, circuit breaker terminals, connector bars, and 

other metal parts.  In a report by R.  Williams [28] , a service 

panel installed in the garage of one resident's house was fully 

occupied by rust and corrosion for only a year, especially at 

its connector bar. The technical inspector in charge of this case 

found the concentrated air salt in the garage as evidence to 

affect the corrosion.  It was discovered that the salt was 

brought into the garage by two cars when they came back from 

outside during the snowy winter season, during which the salt 

was mixed with melted snow, and then accumulated in the 

garage after water evaporation.  In another case that was 

related to a ground- level indoor electrical panel [ 29] , as the 

cables connected to the panel were directly buried 

underground without protection the temperature difference 

between underground and room temperature resulted in the 

condensation of water vapor on the panel, causing the 

corrosion 

occurrence in many parts of the panel in only four years. 

Corrosion in the distribution system not only causes 

damage to the electrical parts but also can cause further issues. 

The occurrences, effects, and prevention of corrosion 

occurring in electrical distribution boards in residential units 

are discussed in this paper. 

II. CORROSION OCCURRENCE IN ELECTRICAL 

DISTRIBUTION BOARD 

EDB is the central distribution point in an electrical system 

of a building or facility, dividing the incoming electrical 

power into separate circuits, each of which feeds a different 

area of the building.  The EDBs can provide either single-

phase or three- phase panels to supply electric power as 

customers demand.  An EDB may consist of a variety of 

components, some of which are displayed in Fig.  2[30-39] . 

Because these components mostly comprise metals as 

mentioned previously, corrosion can develop throughout the 

EDBs. 

 

 
 

Fig. 2.  (a) Examples of three-phase EDBs[30-34], and (b) examples of single-

phase EDBs[35-39] 

 

A. Corrosion Mechanism 

The natural electrochemical process conducts corrosion 

into metal surfaces and converts metal into corrosion 

products, which involves the oxidation of the metal ( anode) 

and the reduction of an oxidant (cathode), as shown in Fig. 3. 

1) Corrosion Reaction 

In general, the following conditions are required to promote 

the corrosion reaction on a corrosion cell [40]: 

a. On a metal surface, there must be a difference in the 

chemical potentials between nearby areas (or among alloys of 

different contents). 

b. An electrolyte must exist to provide ion conduction. 

c. An electrical channel through the metal or between 

the metals must be accessible to allow electrons transport. 

 

 

 

 

 
Fig. 3.  Reaction on a corrosion cell 

 

Anodic Reaction (Oxidation) 

At the anode, metal atoms, here iron (Fe)  atom is used as 

an example, lose electrons, and become ions.  This process is 

represented by the following equation: 

 

Fe  Fe++ + 2e- (1) 

 

Cathodic Reaction (Reduction) 

The released electrons flow through an external circuit or 

directly to the cathode, where they participate in the reduction 

of an oxidant.  The most common cathodic reactions involve 

the reduction of oxygen or water: 

Oxygen reduction: 

 

O2 + 4H+ + 4e-   2H2O (2) 

 

Water reduction: 

 

2H2O + 2e-    H2 + 2OH- (3) 

 

When metal ions, such as Fe++ , encounter hydroxyl ions 

(OH- -) , they can form insoluble corrosion products, such as 

rust (Fe2O3H2O) .  These corrosion products can accumulate 

on the metal surface and prevent the formation of a protective 

oxide layer, leading to further corrosion. 

2) Types of Corrosion 

The type of corrosion depends on the specific conditions 

and mechanisms involved.  The following is a brief 



IEET - International Electrical Engineering Transactions, Vol. 10 No.1 (18) January - June, 2024 

 

3 

 

characterization of common types of corrosion that can take 

place in the EDBs when they face an electrolyte such as water 

from condensed moisture in its environment. 

a) Uniform Corrosion 

Uniform corrosion, also known as general corrosion, is 

characterized by the even spreading of corrosion attack over a 

metal surface[41] .  This type of corrosion is typically caused 

by exposure to an aggressive agent in the surrounding 

environment, such as moisture, humidity, corrosive gases, or 

other chemicals.  These agents facilitate the formation of the 

metal ions and the release of electrons, which combine with 

oxygen to form hydroxyl ions. These hydroxyl ions then react 

with the metal ions to form corrosion products. 

b) Galvanic Corrosion 

Galvanic corrosion occurs when two metals with different 

electrode potentials contact with each other in an electrolyte. 

The more active or less noble metal, known as the anode, 

corrodes and releases electrons which flow to the less active 

or more noble metal, known as the cathode, where they 

combine with oxygen to form hydroxyl ions.  Then, the 

corrosion products can be formed by the reaction between the 

hydroxyl ions and the metal ions from the anode.  As a result, 

the anode dissolves into the electrolyte.  The rate of galvanic 

corrosion is affected by several factors, including the 

difference in electrode potential between the two metals, the 

area ratio of the cathode to the anode, the different types of 

metals or alloys that are in contact, and the conductivity of the 

electrolyte[42-46]. 

 

 

 

 

 

 

 
Fig. 4.  Schematics of galvanic corrosion 

 

c) Crevice Corrosion 

Crevice corrosion occurs in tight spaces or crevices when a 

crevice is formed between two metal surfaces. The electrolyte 

in the crevice becomes more concentrated than that in the 

surrounding region.  This concentration difference creates a 

concentration cell, with the metal inside the crevice acting as 

the anode and the metal outside the crevice acting as the 

cathode[47-51] .  The corrosion mechanism begins when the 

reaction with the metal consumes the dissolved oxygen in the 

liquid deep in the crevice[ 41, 52]  as shown in Fig.  5( a) . 

Therefore, oxygen transport into the crevice becomes limited, 

and a differential aeration cell is typically established between 

the crevice microenvironment and the exterior surface. 

Corrosion reactions preferentially occur in crevices ( anode) 

and on surfaces that are more accessible to ambient air 

(cathode) (Fig. 5(b)).  

The cathodic oxygen reduction reaction cannot be sustained 

in the crevice area due to the restriction of the oxygen 

diffusion, giving it an anodic character in the differential 

aeration cell.  This anodic imbalance results in the formation 

of highly corrosive microenvironmental conditions in the 

fissure, which promotes further metal breakdown as indicated 

in Fig. 5(c). 

 

 

 

 

 

 

 
 

Fig. 5.  Crevice corrosion process: (a) initial stage, (b) releasing electrons, 

(c) forming corrosion product 

 

d) Pitting Corrosion  

Pitting corrosion is a type of localized corrosion that occurs 

in small pits or cavities on the surface of a metal[ 53- 56] . 

Initially, these pits can be deep or narrow, and they can cause 

serious damage to the metal after being occupied by the 

corrosion.  Pitting corrosion occurs due to the formation of a 

localized corrosion cell on the metal surface.  This cell is 

typically created by a combination of several factors[52, 57-

60] , such as the impurities or metallurgical defects in the 

metal, the stress or strain in the metal or mechanical damage, 

a corrosive electrolyte or chemical damage, and oxygen. This 

localized corrosion cell causes the metal to corrode 

preferentially. Later, the pit can grow in different shapes (Fig. 

6), making the corroded pit deeper and wider as the corrosion 

reaction continues.  Eventually, the pit may collapse, causing 

the metal to crack or fracture. 

 

 

Fig. 6.  Different cross-sectional shapes of pitting corrosion 

 

e) Erosion Corrosion 

Erosion corrosion is one form of corrosion that occurs 

when a solid surface is subjected to the simultaneous action of 

erosion and corrosion.  Erosion is the removal of materials by 

a fluid or gas, while corrosion is the chemical or 

electrochemical attack on a metal surface.  When these two 



IEET - International Electrical Engineering Transactions, Vol. 10 No.1 (18) January - June, 2024 

 

4 

 

processes occur together, they can accelerate the rate of 

material loss and lead to premature failure of components. 

Erosion corrosion is influenced by material properties like 

hardness, corrosion resistance, conductivity, thermal 

diffusivity, arc parameters, melting temperature, and heat 

resistance[61]. In the case of the electrical distribution system, 

erosion corrosion can be often observed after a period of arc 

takes place between two contact surfaces of a circuit breaker 

or other switching devices.  

 

B. Factors Contributing to Corrosion Occurrence in EDB 

The main factors that contribute to rust and corrosion 

occurrence in the EDBs include impurities on metal surfaces, 

moisture, corrosive agents in its environment, electric arc on 

the surfaces of electrical contacts, and lack of maintenance. 

These factors are described as follows: 

1) Metal Impurities 

The purity of metal is one of the most important factors that 

affect metal corrosion[62] .  Carbon steel sheet is widely used 

to assemble enclosures or EDB frames.  Despite its several 

advantages such as high strength and low cost[ 63-69] , the 

vulnerability to corrosion is also a negative characteristic that 

poses engineering problems for carbon steels[69, 70] .  In the 

steelmaking process, some elements such as sulfur, nitrogen, 

and phosphorus may be integrated in the process.  These 

contaminated elements create metal impurities and increase 

the risk of corrosion.  When carbon steel is exposed to 

atmospheric compounds such as moisture, CO2, and H2S, it 

can be corroded easily and lead to mass loss on the metal 

surface [66-68]. 

2) Moisture 

Moisture is formed from various sources in the atmosphere 

such as rain, dew, snow, evaporated water, and fog.  It acts as 

an electrolyte that facilitates the electrochemical reactions and 

causes significant corrosion to metal[71-73]. Even though the 

metal is covered under an insulation layer, whenever the 

moisture penetrates through insulation and is trapped between 

the metal surface and the insulation layer, the corrosion can be 

accelerated.  Therefore, moisture plays a crucial role in the 

process of corrosion under insulation [ 70, 74] .  When the 

moisture encounters metals, it forms a thin layer of water on 

the metal surface, enabling the flow of electrons between the 

metal and the surrounding environment. This electron transfer 

results in the formation of corrosion products, which weaken 

and ultimately destroy the metal. As a result, the moisture that 

builds up on the EDBs and the related equipment ultimately 

compromises the performance and reliability of these 

equipment.  

Moisture can enter the EDBs through various pathways as 

follows.  The temperature fluctuations can cause the moisture 

in the air to condense on the cooler surfaces of the EDBs 

components[28] .  The moisture could also be formed due to 

the infiltration of water through the gaps or cracks of the 

building[75], leakage of roofs or pipes from structural defects 

or plumbing issues[11, 15]. After this moisture seeps into the 

EDBs and reaches the components, the corrosion reaction will 

be facilitated to damage the board.  Animals and insects 

represent another pathway that could lead the moisture to enter 

the power distribution board.  For example, ants bring humid 

soil into the distribution board to build nests and this can cause 

corrosion to the board[76]. 

3) Corrosive Gases 

When the EDBs are exposed to the corrosive gases and 

surrounding area as well as the industrial gases or pollutants, 

they are susceptible to degradation.  Corrosive gases, such as 

sulfur dioxide (SO2) , nitrogen dioxide (NO2) , chlorine (Cl2) , 

and ammonia (NH3) can react with the metals used in the EDB 

components, leading to the formation of corrosion products 

that can lower the electrical conductivity, reduce the 

mechanical strength, and ultimately cause the equipment 

failure at an alarming rate.  So, these gases pose a significant 

threat to the integrity and functionality of the EDBs. 

Moreover, the burnt cable insulation caused by overheating at 

around the connection point in the EDBs can also generate 

corrosive acidic gases such as hydrogen chloride ( HCl) , 

hydrogen bromide (HBr) , and hydrogen fluoride (HF)  [77, 

78].  These corrosive gases from the burnt insulation can lead 

to the corrosion of the cable[77, 79-82] .  If these corrosive 

gases incorporate moisture, it is unavoidable that corrosion 

will occur on the wires and connectors in the EDBs.  Table 1 

displays the examples of metal susceptibilities to a variety of 

the corrosive gases and corresponding acid ions[83].  

 

Table I Metal sensitivities to atmospheric gaseous corrosive 

species[83] 

 

Sulfur Dioxide (SO2) 

SO2 is a common air pollutant primarily generated from 

the combustion of fossil fuels.  It reacts with the moisture in 

the air to form sulfuric acid, which can corrode metals, 

especially copper, aluminum, zinc, and iron, commonly used 

in the EDBs. 

Nitrogen Dioxide (NO2) 

NO2, another air pollutant primarily from the combustion 

processes, can also contribute to corrosion.  It reacts with 

moisture to form nitric acid, which can corrode various metals, 

Corrosive 

Species 
Ag Al Cu Fe Ni Pb Sn Zn 

𝐶𝑂2/𝐶𝑂3
2− L   M L M  M 

𝑁𝐻3/𝑁𝐻4
+ M L M L L L L L 

𝑁𝑂2/𝑁𝑂3
− N L M M M M L M 

𝐻2𝑆 H L H L L L L L 

𝑆𝑂2/𝑆𝑂4
2− L M H H H M L H 

𝐻𝐶𝑙/𝐶𝑙− M H M H M M M M 

𝑅𝐶𝑂𝑂𝐻
/𝐶𝑂𝑂𝐻− 

L L M M M H L M 

𝑂3 M N M M M M L M 

L, M, H, and N mean low, moderate, high, and no sensitivity 

on metals respectively   
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including copper, zinc, and nickel, often found in the EDB 

components. 

Chlorine (Cl2) 

Cl2 is a highly reactive gas commonly used in industrial 

processes and water treatment. It can directly corrode metals, 

particularly aluminum, and copper, leading to pitting and 

weakening of the EDB components. 

 

Ammonia (NH3) 

NH3, commonly used in fertilizers and refrigeration 

systems, can also initiate corrosion. It reacts with moisture and 

carbon dioxide to form ammonium bicarbonate, which can 

corrode copper and its alloys, usually found in the EDBs.  

Carbon Dioxide (CO2) 

CO2 is a naturally occurring component of the 

atmosphere and is also emitted by human activity.  CO2 is 

rather weakly soluble in water, forming the mildly corrosive 

carbonate ion (CO3
2−) and corroding iron and zinc.  

Hydrogen Sulfide (H2S) 

H2S corrosion is mostly electrochemical in nature. In the 

presence of moisture, H2S is oxidized to create sulfuric acid, 

which poses a corrosive threat to metals including copper and 

iron as described above. 

4) Electric Arc 

Electric arc or flash, characterized by high-energy sparks, can 

cause significant corrosion on the EDB equipment, leading to 

premature failure and safety hazards.  The arc on various 

positions in the EDBs, including the contact surface of circuit 

breakers, other switching devices, and even the loose 

tightening between cables, can lead to wear and pitting 

corrosion.  Arcing occurs when an electrical current jumps 

across an air gap between two conductive surfaces.  The 

intensive heat and light generated during arcing can vaporize 

the surrounding metal, creating the plasma containing ionized 

gas[61, 84-87] .  This plasma conducts electricity, sustaining 

the arc until the current is interrupted or the air gap becomes 

larger than the intensive electric field.  The high temperatures 

and reactive environment created by arcing can initiate 

corrosion on the surrounding metal surfaces.  The vaporized 

metal can react with moisture, oxygen, and other gases to form 

corrosion products. These corrosion products can weaken the 

metal structure, increase electrical resistance, and lead to 

equipment failure[88]. 

 

 
 

Fig. 7.  Electric arc causes corrosion on contacts[89, 90] 

 

Several factors can contribute to arcing in circuit breakers 

and other switching devices, mainly including voltage level, 

loose connection, dust or small particles in the contact area, 

and frequency of switching on/off, which may be adjusted to 

mitigate the corrosion caused by the arc. 

5) Lack of Maintenance 

Neglecting proper maintenance can also lead to corrosion 

problems, which can significantly impact the reliability and 

safety of the electrical system.  Maintenance plays a pivotal 

role in preventing corrosion in the EDBs, as regular 

inspections and maintenance procedures, such as cleaning and 

removing contaminants, tightening the loose connections, and 

addressing deteriorated or damaged insulation, allows for 

early detection of corrosion signs and elimination of factors 

that contribute to the corrosion development. 

III. EFFECTS OF CORROSION IN ELECTRICAL 

DISTRIBUTION BOARD 

The EDB is the backbone of modern infrastructure, this 

critical board is prone to corrosion due to many factors as 

described in the above section.  The natural electrochemical 

process can significantly compromise the performance and 

safety of the EDBs.  This section provides the intricate 

relationship between corrosion and EDBs, focusing on the 

detrimental effects that corrosion poses on the safety, 

electrical failures, and associated losses of EDBs. 

A. Corrosion and Damages on EDB’s Components 

Corrosion in the EDBs primarily occurs via electrochemical 

reactions, where metal atoms lose electrons and become 

cations, dissolving into the surrounding electrolyte.  This 

process is facilitated by the presence of moisture, which acts 

as the electrolyte, and corrosive agents, such as chlorides, 

sulfates, and acids. Additionally, temperature fluctuations can 

cause condensation, promoting corrosion, and can also induce 

stress corrosion cracking to form the corrosion that occurs 

under tensile stress in specific environments.  The following 

lists the different parts of an EDB in which the corrosion 

incidences may fall. 

1) Enclosure 

An enclosure or housing frame is widely made from thin 

carbon steel sheets folded into the shape of a closed box all 

around except on the cover side.  There is primary corrosion 

protection by spraying rust-proof paint.  The frame may also 

have an aluminum or alloy metal rail that is used to hold the 

breakers or other equipment.  When installing the distribution 

board, drilling is made on the back of the board to secure the 

board to the wall.  Holes can be also drilled at the different 

sides of the board to carry electrical conductors in and out of 

the board.  Drilling holes make the distribution board 

vulnerable due to the possible damage to the painting 

protection layer around the drilled edges.  Also, moisture and 

corrosive agents can enter the board through the holes and 

result in corrosion.  

A variety of corrosion forms could occur on the housing 

frame.  Uniform or general corrosion occurs across the entire 
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surface of the frame where the moisture can penetrate the 

protective layer. Crevice corrosion can appear in tight crevices 

or gaps between two metal surfaces where they face an 

electrolyte.  Galvanic corrosion is likely to arise at the contact 

areas of two dissimilar metals between the housing and the 

mounting rail in the presence of an electrolyte, while Pitting 

corrosion can start on the metal surface where the passive film 

( oxide film)  is chemically or mechanically damaged and 

cannot instantly recover 

 

 
Fig.  8.   ( a)  Uniform or general corrosion attacks on the entire surface of 

EDBs[ 91- 93] , ( b)  crevice corrosion occurs in tight space between two 

surfaces[93-96], (c) galvanic attack on different metals between the mounting 

bracket and encloser[19, 97], (d) pitting corrosion causes the metal surface to 

wear and tear[98-100] 

 

2) Conductors and Connector Bars 

Conductors 

Conductors are one of the main players in the EDBs.  Two 

types of conductors are widely used in electrical systems, 

aluminum, and copper.  They conduct electric current from 

power sources to electrical protective or switching devices and 

supply the current to electrical loads.  Both aluminum and 

copper are naturally more corrosion-resistant than many other 

metals, such as iron and steel.  This is because a thin layer of 

oxide film can be formed on the surface of aluminum and 

copper when they are exposed to air[20, 101-103]. This oxide 

film or passive layer acts as a protective barrier and prevents 

further corrosion from occurring[ 57, 102, 104] .  However, 

several environmental factors can contribute to the damage of 

the aluminum oxide and copper oxide layer and lead to further 

corrosion, such as the existence of sulfuric acid, phosphoric 

acid, hydrochloric acid, nitric acid, hydrogen sulfide, and 

chloride ions [102, 104-109]. In addition, numerous cases of 

crevice, galvanic, and pitting corrosion have been reported 

that they were found on aluminum and copper surfaces [ 14, 

60, 83, 102, 104, 110-113].   

Fig. 9 shows the image of a corroded copper wire connected 

to a circuit in a terminal box[107] .  The result from Energy 

Dispersive X-ray Spectroscopy (EDS) analysis revealed that 

the chloride ions (Cl-) play a key role in the corrosion process. 

The Cl- accumulated between the insulation and the wire in an 

outdoor terminal box slowly reacts with the Cu2O film on the 

copper wire surface to produce CuCl2.  Later, Cu2Cl(OH) 3 is 

formed by coordination reaction and redeposition process 

( 4) [ 107, 114] , and this results in the acceleration of the 

corrosion process caused by Cl-. 

 

Cu2O + Cl
-
 + 2H2O +

1

2
 O2 → Cu2Cl(OH)3 + OH- (4) 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9.  Corrosion damaged a copper wire in an outdoor terminal box[107] 

 

B.  Valdez Salas et al. [ 108]  investigated copper corrosion 

caused by atmospheric pollutants, which include SOX, NOX, 

CO, and H2S. As one of the most corrosive agents, H2S reacts 

with copper as shown in (5):  

 

Cu + H2S →  CuS + H2 (5) 

Such copper sulfidation is a rapid process that occurs at the 

metal- gas phase interface and can reduce Cu corrosion 

resistance[115]. Because copper sulfide (CuS) is a very stable 

compound and is difficult to remove from copper surfaces, 

this can lead to the accumulation of CuS, which can eventually 

flake off, exposing the underlying copper to further corrosion. 

The results of a three- season year evaluation revealed the 

corrosion rate caused by the H2S can damage the surface of 

copper at the maximum of 255, 265, and 382 mg/m2⋅year in 

spring, summer, and winter, respectively[108]. 

Another study conducted by K. Kreislova et al. showed that 

sulfur dioxide ( SO2)  in the air caused pitting corrosion to 

aluminum cables at 5 µm/year[110]. SO2 reacts with water in 

the presence of oxygen to form sulfuric acid, which then reacts 

with aluminum to form aluminum sulfate to cause the 

corrosion of aluminum, according to the following equation: 

 

2Al + 3H2SO4 → Al2(SO
4
)
3
+ 6H2 (6) 

 

When aluminum sulfate is exposed to elevated 

temperatures or moisture, it can decompose into aluminum 

hydroxide and sulfuric acid as shown in (7): 

 

Al2(SO4)3 + 6H2O → 2Al(OH)3 + 3H2SO4 (7) 

 

Aluminum hydroxide forms a thin protective layer on the 

surface of the aluminum, which can help to slow down the 

corrosion process.  However, the sulfuric acid can also break 

down this protective layer, allowing the corrosion process to 

continue. 
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Connecting Equipment 

Terminal lugs, cable lugs, busbars, neutral bars, 

ground/ earth bars, and connector bars are essential 

components of EDBs, made from many different metals such 

as brass, aluminum alloy, copper, copper-clad aluminum, and 

tin-plated copper.  They are responsible for making reliable 

electrical connections between conductors and/or equipment. 

These metal alloys have a well-designed metal proportion to 

pose high conductivity, mechanical tolerance, and high 

corrosion resistance.  However, in a harsh environment, these 

critical components could be also susceptible to corrosion, 

which can significantly degrade their performance and 

establish various issues.  These connecting equipment can be 

attacked by different corrosion types such as crevice corrosion 

between the bar and screws, and galvanic corrosion between 

the bar and conductors (Fig. 10)[112].  

As the bars and lugs can be found in several different 

types of metals in markets, this can lead to corrosion problems 

because the conductors connected to these parts may be 

different.  For example, for a connector bar made from brass 

connected to copper or aluminum conductors that are exposed 

to electrolytes, the galvanic corrosion can occur (Fig. 10 (b)). 

 

 
Fig. 10.  (a) Corrosion attacks on terminal lugs, busbars, and connector bars 

of EDBs[15, 28, 93, 116, 117], (b) galvanic corrosion at a ground connector 

bar[118], (c) corrosion on Al-Cu connector[61] 

 

3) Electrical Contact Points 

Molded case circuit breaker ( MCCB) , miniature circuit 

breaker ( MCB) , residual current device ( RCD) , residual 

current operated circuit breaker with overcurrent protection 

(RCBO), surge protection device (SPD), and auxiliary devices 

such as magnetic relays and other switching equipment can be 

found as fitted devices in the EDBs. They are utilized to close 

and open electrical circuits, enhance functionality, and protect 

circuits or equipment in the distribution boards.  One major 

part of these devices is the metal contact surface which is used 

for bridging circuits and allows current to flow from an 

electrical source to drive electrical appliances.  Even though 

these devices are shielded by encapsulation, an electric arc or 

flash can appear on the contact surfaces when they connect or 

disconnect to a circuit.  Besides the increased electrical 

resistance on the contact surface[ 61] , damage to devices’ 

contacts [ 119] , and fire hazards [120] , the electric arcs can 

cause erosion and pitting corrosion on device contacts, 

resulting in additional heat and vaporized metal[84].  

A study conducted by G.  Vogel[ 119, 121]  revealed that 

nitrogen oxides, phosphorus, and silicone dioxide were 

generated after the arc occurred in a contact region, which 

caused rust and corrosion to occur on contacts.  Due to the 

existence of nitrogen oxides and the presence of moisture, 

nitric acid was formed in this area and later resulted in 

significant corrosion after some period of time, as seen in Fig. 

11. 

A similar case study handled by Omron Corporation [122] 

found that the arc generated nitric acid from nitrogen and 

moisture in the atmosphere, causing the corrosion of contacts. 

Then the corrosion process was accelerated by the arc, 

resulting in damage to the switching contact.  Furthermore, 

other connections in the EDBs, such as those between 

terminals and wires or between wires and devices, can also be 

corroded when these connections are not connected tightly 

enough.  The electric arc can appear at these points and cause 

them to be corroded. In addition, the more frequently contacts 

switch on and off, creating the greater possibility of corrosion 

occurrence and eventually resulting in a shorter lifetime of 

contact. 

 

 
Fig. 11.  (a) Initial stage of contact[123], (b) deformation and rust [119, 123], 

(c) corrosion on contacts’ surface[123] 

 

B. Safety Issues 

 Corrosion poses a silent and frightening threat to the 

safety of electrical systems.  Accumulation of corrosion 

products on electrical joints such as breakers and connectors 

can reduce surface area and electrical conductivity.  This 

results in higher electrical resistance and overheating [1 0 2 , 

109, 112]. Additionally, corrosion on the enclosure can reduce 

the integrity of the protection layer and create a hazard from 

accidental access to electrical current flowing through 

unprotected surfaces.  This can trigger electrical faults and 

increase the risk, including short circuits, electric arc, leakage 

current, and electric shock.  Thus, failure to take appropriate 

precautions in the use of corroded electrical equipment creates 

conditions that could result in safety issues like injury, fatality, 

or property damage[19, 124]. 

1) Health Hazard 

There have been many statistical reports investigating the 

injuries and deaths from electrical current exposure[125-131]. 

To prevent accidental access to electric current or electrical 

equipment in the EDBs, well- maintained enclosures are 

extremely crucial.  When the corrosion damages the 

enclosures, it certainly increases the chance of electrical 

current exposure and ensuing danger to residents. 

2) Equipment Damage and Fire Hazard 

  Corrosion can create sharp edges or exposed wires, 
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which pose a fire hazard. Also, the formation of an electric arc 

at the electrical contact surface or the electrical connection 

point leads to a series of events that reinforce each other 

between the arc and corrosion.  As mentioned earlier, arc 

formation leads to corrosion. On the other hand, corrosion can 

also cause the arc[ 131] .  The co- occurrence of these two 

processes exacerbates the situation of damaged equipment and 

fire hazards, resulting in the buildup of heat that can destroy 

the insulation of the electrical systems, leading to a short 

circuit and ultimately a fire. A study showed that 16% (82,500 

cases)  of building fires between 2002 and 2005 were caused 

by electricity in the U.S. , in which more than half ( 8.8% of 

total building fires)  originated from electrical distribution 

devices[120]. Among these incidents, corrosion was indicated 

to be involved with or accelerate poor connection, arcing 

across carbonized paths and arcing in the air, causing 

electrical fires[77, 84, 109, 120, 131-133].  

 

A fascinating experiment was carried out by R.  F.  V. 

Sampaio et al. [ 112]  presented a comparison of the heat 

buildup between uncorroded and corroded conductors after a 

current of 600 amperes was applied to the conductors.  By 

using FLIR thermal imaging camera, it was found that the 

corroded conductors accumulated heat very fast, reaching the 

threshold temperature at 105 0C in only 300 seconds (Fig. 12), 

three times faster than the uncorroded sample.  

 

 

 
Fig. 12.  (a) Uncorroded conductors, (b) corroded conductors[112] 

 

C. Electric Failures 

 Studies have shown that corrosion-affected components 

may reduce the current carrying capacity, leading to the failure 

of equipment[ 19, 20, 108] , disruptions to critical 

operations[ 15, 78] , and degradation of the equipment's 

operating lifetime[134] .  These would ultimately result in a 

decrease in the reliability and performance of the electrical 

system. When a corroded electrical distribution system fails in 

operation, residents may face difficult issues as listed below: 

 

 

 

 

 

 

a. A reliable electrical system ensures consistent and 

uninterrupted power supply to residents, ensuring the 

operation of essential appliances like kitchen stuff, lighting, 

heating/cooling, and security systems. Interruptions can cause 

inconvenience, food spoilage, data loss, and safety concerns. 

Thus, the lack of a reliable system cannot keep residents' 

comfort and well-being[135].  

 

b. A high- performance electrical distribution system can 

reduce energy consumption without compromising power 

supply quality, reducing costs and safety impact.  Inefficient 

systems like outdated equipment, leakage current, intermittent 

connectivity[78] , heat generation, higher electrical resistance 

caused by corrosion[61], and lack of maintenance can lead to 

increased energy bills and the safety of residents. 

 

D. Losses 

Corrosion can also result in electrical losses and financial 

losses. As the financial losses related to the repairing, medical 

expenses for injuries, and energy wasted costs are beyond the 

scope of the current paper, we will be focused on the electrical 

losses resulting from the corrosion of residential electrical 

systems. In technical terms, electrical losses are mostly stated 

to the losses in the iron core due to hysteresis and eddy 

currents, and the losses in winding coils or transmission lines 

due to several possible issues, such as increasing resistance, 

deterioration of old equipment, leakage current, phase 

imbalance, harmonics distortion, and friction from moving 

parts of generators or motors.[136-141].  

 

One experiment investigating the influence of corrosion 

on the performance of electrical hybrid busbars was conducted 

by R. F. V. Sampaio et al.[112]. The result showed that, after 

salt spray tests, the electrical resistance of the busbars was 

increased. Especially, the least fastened force busbar with the 

tightening torque of 1 Nm is the weakest sample due to the 

easier penetration of the salt spray between the gap of the 

hybrid busbar.  This resulted in the increase of electrical 

resistance from ~50 µΩ up to more than 1,000 µΩ within only 

100 hours of testing. Other studies [142, 143] investigated the 

effect of corrosion on the electrical resistances of the joint 

surface using different combinations of materials as 

conductors and connectors.  After 2,000 hours of cycling salt 

spray test, 40% of samples made from aluminum conductors 

and aluminum connectors were considered to fail to maintain 

the resistance because the resistance was changed by more 

than 10%.  In the case of copper conductor joint to aluminum 

connectors, 40%  of samples had a 5- 10%  increase in 

resistance. Meanwhile, the copper connectors bond to copper 

conductors showed a relatively small increase of resistance in 

70% of samples. 
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Fig. 13.  (a) Single line diagram of EDB and chances of electrical resistance 

occurrence caused by corrosion at (b) 2-pole MCB, (c) 3-pole MCB 

 

In practice, when the corrosion occurs at the EDBs and 

attacks the equipment, the resistance of the conductors and 

connectors increases.  Even though the resistance increase on 

a single conductive part could be quite small ( around a few 

µΩ), there are many conductive points in an EDB that can be 

corroded if poorly maintained, leading to a possibly large 

increase in overall resistance and huge electrical power loss. 

Fig.  13(a)  shows a single-line diagram of an EDB consisting 

of a main circuit breaker, miniature circuit breakers, busbar, 

neutral bar, and ground bar as its components. 

If the corrosion takes place on a 2-pole MCB in a single-

phase system, the chance of corrosion attack can occur in the 

four junction points ( two above and two under the MCB)  as 

shown in Fig.  13(b) .  Likewise, in a 3-pole MCB in a three-

phase system (Fig. 13(c)), there are a total of six connections, 

and thus more risky to be corroded.  Additionally, other 

electrically conductive parts such as busbars, connector bars, 

and contact surfaces are also likely to be corroded when 

exposed to the corrosive agents as illustrated in Fig.  10 and 

11.  Adding up all these components, if corroded, could 

suggest a significant issue of energy loss.   

 

IV. CORROSION PREVENTION 

To reduce or eliminate the corrosion risk factors indicated 

in the above sections, proper corrosion prevention strategies 

are needed so that, corrosion prevention and mitigation can be 

implemented, which will lead to increased reliability, 

performance, and safety, conserve energy, and reduce 

costs[19, 144].  

A. Corrosion-Resistant Materials  

Choosing corrosion-resistant materials for electrical panels 

can significantly reduce the risk of corrosion problems and 

extend their life span. Metals like carbon steel, stainless steel, 

and aluminum are usually found in electrical enclosures[145, 

146] .  Carbon steel is a relatively cheap material, which 

however needs to be galvanized, painted, or coated to increase 

corrosion resistance so that it can be applied to the electrical 

enclosures. In comparison, stainless steel and aluminum have 

higher corrosion resistance but are more costly and harder to 

modify [146] .  Non-metal materials like thermoplastics and 

thermosets are also used for electrical enclosures.  They are 

more resistant to moisture and corrosion, but heat transfer is 

much more difficult in these materials compared to that in 

metal[ 147] .  The limited heat transfer inside the distribution 

board could cause insulation damage or fire, which should not 

be neglected. 

As for the electrical conductors and connectors, the use of 

dissimilar metals under the contamination of an electrolyte 

can result in galvanic corrosion to the less noble metal[42-46]. 

This type of corrosion can be prevented by using the same type 

of materials for the conductors and connectors[17].  

B. Installation Location 

The location chosen to install the power distribution panel 

plays an important role in slowing the corrosion process and 

maintaining the power distribution panel's durability. Outdoor 

installation undergoes the most risk for corrosion attack 

because it is more directly affected by the environment, 

including humidity, heat, and corrosive gases than indoor 

installation.  There is an additional risk, if installation takes 

place at a relatively low level or the panel is mounted on the 

ground, due to the possibility of flooding[148, 149] , ground 

moisture, and infestation by insects or other animals[ 150, 

151] .  Meanwhile, if factors that promote or accelerate 

corrosion are neglected, installation inside a building could 

also be at higher risk of corrosion, e. g. , the installation on a 

wall that is the outermost part of a building or next to a 

bathroom or washing area, because these areas are easily 

exposed to moisture or corrosive chemicals. 

Therefore, if the installation area is available to be selected 

without any reserved conditions for use, it would be better to 

choose to install the distribution panel in a common area 

inside the building, which is easily accessible for 

maintenance. It should not be installed near humidity sources 

or corrosive agents, such as the shared wall with bathrooms, 

basements, and chemical storage rooms.  In cases where 

external installation cannot be avoided, a high ingress 

protection (IP) rating is preferred when choosing an outdoor-

type EDB. If the EDB is required to be installed on the ground, 

the mounting base of the cabinet should be set up at a level 

high enough to prevent flooding or water awaiting to be 

drained after rain.  
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C. Coating and Sealing 

Applying a protective coating to the materials or sealing the 

electric panels can provide several advantages including 

protecting against moisture and chemicals, extending the 

lifespan of the panel, reducing maintenance costs, and 

improving safety. 

1) Coating 

The coating is an applying layer of deposited materials onto 

a surface to protect from corrosion.  Several techniques are 

applied to prevent the metal surfaces from corrosion such as 

dip coating, electroplating, thermal spraying, and polymer 

coatings[152-155] .  EDB metal surfaces are typically coated 

or sprayed to prevent corrosion during the production process 

from factories.  However, it should be noted that, during 

installation, EDB can be physically damaged due to 

transportation scratches, drilling for the mounting holes, and 

drilling for electrical conductors. Heat accumulation, moisture 

exposure, and corrosive substances can also cause damage 

while the electric system is operating.  These factors increase 

the possibility of EDB corroding over time. The spray coating 

is a simple and cost-effective protection method for damaged 

panel parts after installation, sometimes using a small amount 

of additives to enhance adhesion and corrosion resistance. 

2) Sealing 

Even with the well-applied coating, corrosive substances 

can still possibly reach the equipment inside the board, via 

opened gaps such as the gap between the enclosure and its 

cover, or the drilled holes where the electrical conductors are 

carried into or out of the panel.  Therefore, sealing is an 

important solution to enhance corrosion protection and block 

corrosive chemicals so as not to accumulate and react with the 

metals inside the board. The common sealing method used in 

the board is to apply silicone sealant to seal along the inside 

edges of the welding or folding metal joints.  The gap sealing 

between the cabinet and cover is usually performed by using 

a sealing rubber attached along the cover edge.  To prevent 

moisture and corrosive agents from entering the joint between 

the board and conduits connected to the board, gaskets or 

rubber O-rings are generally used. 

In addition, there is a protection standard named IP rating, 

an IEC 60529 international standard used to indicate the level 

of sealing effectiveness in electrical cabinets against incursion 

of objects, dust, water, or accidental contact[156]. Normally, 

the sealing degree is indicated in the IP X1X2 form, where X1 

and X2 indicate the capability of protection against the ingress 

of solid foreign objects and water, respectively[156, 157]. The 

number of X1 ranges from 0 to 6 while the number of X2 starts 

from 0 to 9, with the smaller number suggesting less 

protection provided.  For example, IP 69 represents the 

strongest ability to protect against dust and high- temperature 

steam- jet water, while IP 34 can only protect against solid 

objects with a diameter larger than 2.5 mm and splashed water 

from all directions.  Such a sealing indicator is especially 

useful for choosing the suitable outdoor cabinet. 

D. Arc Mitigation 

Arc mitigation helps to minimize the effects that cause wear 

and erosion on the contacts of switching devices, as well as 

the connection points between cables and terminal bars.  To 

reduce or eliminate the possible arc-generating risks that were 

discussed in Section II, the following procedures can be taken 

to realize the electric arc mitigation and reduce the corrosion 

of equipment in the EDBs. 

a.  Tighten screws to fit conductor cables onto the busbar, 

terminal lugs, etc.  

b. Keep clean the area in which EDBs are installed, to avoid 

dust, small particles, and corrosive gases.  

c.  Lower the resistance or make the switching current 

zero[158] on electrical circuits by cutting off all electrical load 

before connecting contacts to supply electric power to the load 

so that the arc can be reduced. 

d.  Reduce the on/ off switching frequency of contacts, if 

possible, this will help to reduce the number of electric arc 

occurrences. If not, a solid-state relay (SSR), a semiconductor 

switching device with no mechanical contact movement[159-

161] , could be used as an alternative switching contact to 

eliminate the arc. 

e.  Use individual disconnect switches for large electrical 

loads, so that individual loads can be isolated from the circuit 

without having to cut off power to the entire circuit. 

E. Inspections and Maintenance 

Regular inspections and maintenance of EDBs are essential 

for preventing corrosion and maintaining the integrity of these 

critical components.  By implementing inspections and 

maintenance regularly, technicians, residents, and building 

owners can identify any early signs of corrosion to their 

electrical systems and safeguard them from the damaging 

effects. The following lists some measures that could be used 

to keep EDBs away from corrosion.  

a. Visual Examination 

A thorough visual examination is the first step to identify 

any corrosion signs.  It is easily conducted by examining the 

metal surfaces of the EDBs for rust, pitting, and flaking, with 

special attention paid to any spots where moisture can 

accumulate, such as welds, crevices, and gaskets. 

b. Inspection Frequency 

The inspection frequency should be determined based on 

the environmental conditions and the risk level associated 

with the EDBs.  More regular inspections are required for the 

EDBs located in harsh environments, such as those under high 

humidity or more exposure to corrosive substances. 

Inspections should be performed at least once a year, and more 

frequently for the critical EDBs. 

c. Environmental Control 

This measure can be implemented by evaluating the 

environmental conditions around the EDBs and minimizing 

moisture and exposure to corrosive substances.  Proper 

ventilation, humidity control, and temperature regulation are 

effective methodologies that can help to reduce the risk of 

corrosion. 
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d. Changing Parts 

Corroded and damaged parts need to be repaired or changed 

right after they are discovered, to maintain the normal 

operation of EDBs.   

V. CONCLUSION 

Corrosion is an electrochemical process that occurs 

naturally when metals are subjected to the elements of 

moisture and corrosive substances that act as electrolytes. 

Such electrochemical reactions can occur on any part or 

equipment in an EDB because most of the EDB components 

are made from metals or alloys.  Different types of corrosion 

can be formed throughout the EDB equipment owing to those 

metallic parts.  The uniform corrosion can occupy the entire 

surface of the enclosure if the corrosive medium can penetrate 

the protective layer of the metal.  The crevice corrosion can 

attack the areas between the folded or welded joint of the 

enclosure, or the gaps between any two metal surfaces where 

they face an electrolyte. The galvanic corrosion is possible to 

arise at the contact of two dissimilar metals in the presence of 

an electrolyte such as the area between the housing and the 

mounting rail, and the joint between connector bars and 

conductors. Meanwhile pitting corrosion can start on the metal 

surface where the passive film is chemically or mechanically 

damaged.  Erosion corrosion also creates issues with the 

function of switching devices in the EDBs because of the arc 

generated between the electrical contacts. 

These different types of corrosion and the damages that take 

place in the EDBs can be caused by a variety of factors. Metal 

impurities with contaminated elements occurred during the 

production process leading to metal vulnerability and 

increasing the risk of corrosion.  Moisture formed by various 

sources in the atmosphere according to the location or the 

installed sites of the EDBs can function as an electrolyte to 

promote electrochemical reactions and cause significant 

corrosion of metals.  Corrosive gases from the surrounding 

area can also easily cause metal degradation.  The generation 

of electric arcs could initiate the vaporization of metal contacts 

which could easily react with moisture, oxygen, and other 

gases to form corrosion products, resulting in the damage of 

the contacts or causing electric failures.  Ignoring routine 

maintenance can also result in the continuous development of 

corrosion, which can seriously compromise the electrical 

system's security, reliability, and performance.  

Whenever corrosion occurs at an EDB it can lead to a 

sequence of issues.  The safety issue like catching on fire due 

to the heat and arc generated by corrosion is a primary serious 

issue.  Other incidences such as electrical loss caused by 

increasing electrical resistance, equipment damage, and 

electrical failures also affect the residents. 

To ensure the normal function of the EDBs, the measures 

have been proposed to prevent the corrosion, which consists 

of selecting a suitable corrosion- resistant material for use in 

the electrical panels such as metallic or non-metallic EDBs, 

considering the proper location for the EDB installation to 

avoid humidity and corrosive agents, coating the damaged 

surface and sealing the gaps of the cabinet to prevent moisture 

and chemicals, reducing the electric arcs to minimize the 

effects that cause wear and erosion on the electrical devices, 

and regularly monitoring and maintaining the EDBs to prevent 

the corrosion occurrence.  Carrying out these preventive 

measures into practice will improve resident safety as well as 

the reliability and performance of the residential electrical 

distribution systems.  
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