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Abstract 
Identifying hazardous locations is of utmost importance. Explosion is defined as a sudden 
reaction involving rapid physical or chemical oxidation reactions or creation of rots through the 
increase of temperature, pressure, or both simultaneously. Gases, vapors or dust particles 
combustible with oxygen in the air are compounds that mainly cause explosion. Protection 
principles are defined to prevent ignition of equipment and devices Sources of ignition caused by 
friction sparks, shock and electrostatic charge should be avoided for explosion 
equipment protection by choosing the right materials and constructive actions and this should be 
confirmed by appropriate tests. Electrical Engineers, Instrumentation, Control, Process and HSE 
experts have major responsibilities in relation to securing industrial facilities environment. The 
applied processes in hazardous environments should be designed, manufactured and installed to 
have protections necessary for activity in such environments as well as the protection of persons 
and devices against the injuries caused by explosions. This paper aims at examining the 
hazardous locations and identifying suitable ways to deal with them. 
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Introduction  
 
Familiarity with regulations and safety standards for electrical and instrumentation equipment in 
hazardous areas called Explosion Proof is important in two aspects: 

(1) Human aspect: that can prevent the risk of injury and death of humans with preventing 
occurrence of unexpected events. 

Economic aspect: that provides the possibility of proper and optimized ordering of such items 
(that are much more expensive compared to those without protection against explosion) and 
prevents the occurrence of unexpected events (such as fire or explosion), which of course in 
addition to the human losses afflicts heavy economic losses on industrial plants. Logical and 
precise monitoring of such appropriate means, require complete awareness to the issues related 
to the hazardous environments and a thorough understanding of properties and technical 
characteristics of dusts, liquids, gases and flammable vapors in hazardous areas and finally a 
thorough understanding of the standards of proof explosion equipment [1]  
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Protection principles defined for preventing equipment and devices as sources of ignition.  
 
Sources of ignition caused by friction sparks, shock or electrostatic charge should be avoided in 
explosion protection equipment with choosing the right materials and constructive actions and 
this should be confirmed by appropriate tests. 
Theoretical Framework 
Explosion 
 
Explosion is defined as a sudden reaction involving rapid physical or chemical 
oxidation reactions or creation of rot through increase of temperature, pressure or both 
simultaneously. Gases, vapors or combustible dust with oxygen in the air are compounds that 
mainly cause the explosion.  In general, it is assumed that a volume of 10 liters of explosive 
mixture in a dry enclosed space can cause damage. For this reason, any area in which such 
volume of explosive mixture is collected can be considered as a potentially hazardous region [1]  
Sources of ignition 
 
Behind sources of ignition, some numbers are inserted. Below a few cases have been noted [2]: 
- Hot surfaces (5.3.2), for example, tubes, resistors, lamps, brakes  
- Flames and hot gases (including hot particles) (5.3.3)  
- Mechanically generated sparks (5.3.4) as an example tools like rusty hammers and chisels in 
contact with light alloys or steel forks of a lift truck  
- Electrical devices (5.3.5) Example: Switching Spark, collector’s spark or slip rings  
- Stray electrical currents a cathodic protection against corrosion (5.3.6)  
- Static electricity (5.3.7) for example: transmission belts made of plastic materials, container of 
portable devices, synthetic materials of clothing. Separation processes in the rolled paper, plastic 
pipe systems  
- Lighting (5.3.8)  
- Electromagnetic radiation - radio waves (5.3.9),  electromagnetic radiation - infrared radiation, 
visible light (3/5/10),  ionizing radiation - ultraviolet ray (05/03/11),  ultrasonic (radiation) 
(03/05/12), e.g. transport and receiving equipment, cell phones,  photoelectric barriers and 
scanners  
- Compression and adiabatic shock waves (3.5.13) as a fracture of a long fluorescent tube in a 
hydrogen / air atmosphere. 
Some standards for hazardous areas: [3]  
Class I: locations where flammable vapors may arise gases that exist normally or may come into 
existence in the future.  
Class II: locations where combustible dusts (such as some metals dusts, grains, coal and so on 
(exist normally or may come into existence in the future)  
Class III: locations where combustible fibers or filaments exist normally or may come into 
existence in the future.  
Regulation N.E.C  
It has divided each class into two Divisions: (Division 1, Division 2) for example for Class I:  
Division 1, the existence probability of flammable gases or vapors may arise under normal 
conditions.  
Division 2, flammable gases or vapors may arise only in unusual circumstances.  
According to the Standards BS and CENELEC and IEC [4] [5] [6]:  
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Zone 0: is an environment where the combination of gas-explosive air is present either 
permanently or for a long time.  
Zone 1: is an environment where it is possible that a combination of gas-explosive air arises 
under normal circumstances 
Zone 2: is an environment where a mixture of gas-explosive air can not be found or may be 
created for a short time. 
Classification Zone 0, 1, 2 is for Standards BS, CENELEC, and IEC is only for gases and 
flammable vapors.  
Classification of hazardous areas containing dusts and   flammable fibers only for the Standard 
IEC is as follows:  
Zone 20: is an area where normal operating conditions, explosive dusts  as cloudy mass, exist 
permanently, frequently  and most often and  their amount and concentration is such that have 
explosive properties and flammability when mixed with air.  This area such as Zone 0 is located 
within gas or flammable vapor environments. 
Zone 21: is an area where in normal operating conditions, the explosive cloudy dust mass, is 
likely created sufficiently for mixing with air and creating a dust mixture of explosive air. This 
area such as   
Zone 1: is combustible in hazardous areas because of gas danger or flammable gases or vapors. 
Zone 22: is an area where in normal operating conditions dust cloud masses are created rarely 
and are short-lived or the accumulation of explosive dusts layers in combination with air  
becomes dusts susceptible to explosion in abnormal operating conditions.  This area is such as 
Zone 2 in terms of combustible gas areas. 
Ex Type [6] 
 
The purpose of Standard IEC from designing   ExT for electrical equipment is facilitating 
international trade that has been considered for using in highly explosive environments, with 
eliminating the need for issuing multiple national certifications. The Plan IECEx provides a tool 
for previous equipment manufacturers. To obtain a certificate of compliance accepted nationally 
among all participating countries and the ultimate objective of Plan IECEx is a worldwide 
acceptance of a Standard, certificate and a sign. 
EX Zones  
 
EX zones can be described by various names including hazardous situations, hazardous areas, 
explosive environments, etc i.e. areas in which, sufficient quantities of flammable liquid vapor 
gases, and combustible dusts can be found and fire and explosion are likely to occur.  
The places where Ex Type equipment, should be used: 
- Vehicle refueling stations or gas stations  
-Oil refineries, wells and processing plants  
-Chemical Processing Plants  
-Printing industries, paper and textile industries  
- Hospital operating room  
- Refueling aircraft and hangar  
- Underground Coal Mines  
- Water treatment plants, gas pipelines and distribution centers  
- Grain Transportation and Storage  
- Sugar Refinery  
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- Etc...  
Types of protection of   Ex Type [6]  
 
Protective of variety d (flame proof) are designed in such a way to withstand internal explosion 
of gases and flammable vapors which may be resistant to them without flaming or damaging the 
surrounding environment. Therefore not only the container should be resistant to explosions but 
also it is essential that all parts connected to them like Hinge Cover and cable entries to be 
attached firmly enough.  
Application: The equipment such as   off-on switch, slip rings, adjustable resistors, fuse and 
bulbs, heating cartridges, brake friction etc   in which spark, electric arc or hot surfaces will be 
created during normal operation. 
Protective of variety of e (increased safety): 
With the election of superior quality raw materials, especially in terms of thermal stability, 
making the devices will be done more carefully to prevent excess heat, spark or electric arc 
during normal operation of the device. The main principles of this selection are as follows: 

1- Using high quality and excellent insulations. 
2- Special design of air passing ways and creepage distance of moving parts for increased 

efficiency of device function) especially Electro-motors. 
3- Tight electrical connections not easily separated or loosen.  

4-The minimal degree of protection of container IP54 (dust proof)  
Application: Installing and setting up materials such as junction boxes. 
Cabinets for attaching to heating systems, batteries, transformers ballasts and motor cage etc 
Protective of variety of de: 
Some electrical appliances such as switches, mechanical relays, male and female electrical 
connectors, contactors, etc generate sparks according to their basic design. However, other 
devices such as terminals do not create sparks if all of these items that can be found for a 
common specific use near each other, to be placed in a hazardous area in Container d, this will 
lead to increase of container volume and therefore the system will be too expensive. Therefore, 
in such cases, circuits and devices are divided into two groups of spark-generator and non- spark 
generator. Sparking electrical equipment will be placed inside the Container d and Non-sparking 
electrical equipment will be placed in Container e and then will be connected to each other with 
the right tools and after proper sealing. Example of this can be the electrical panels, explosion 
proof fluorescent lights which act similarly in electrical panels. 
 
 
Protective of variety I (Inherently Safe):  
 
“Inherently Safe” according to standards means that any spark or thermal effect which may be 
used in normal conditions or may be created in the case of incidence of fault in system be unable 
to burn gas, vapor or flammable dusts. To be sure that a circuit is inherently safe. We must 
consider the following four characteristics:  
 Voltage, current, capacitance and inductive capacity 
According to international Standard IEC 60079-11 the inherent safe systems are divided into two 
types Ia and Ib: 
(1)-Electrical devices and systems that include the inherent safety circuits and "be incapable of 
producing a spark with enough energy for the ignition and explosion”   before the occurrence of 
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two calculated faults and other incalculable defects that impose a very difficult situation to a 
system or device placed in category Ia. 
2-Electrical devices and systems including the inherent safety circuits are upon the occurrence of 
a fault and incalculable defects that impose a very difficult situation to a system or device be 
incapable of producing a spark with enough energy for ignition and explosion are placed in 
category Ib. 
Application: Measuring & monitoring on control and instrumentation 
Sensor of working based on physical, chemical or mechanical principles and by spending limited 
power, etc. 
Protection type n:  
 
This system consists of five sub-series: ExnA, ExnC, ExnL, ExnZ and ExnR  
ExnA: is used for devices which do not ignite. 
ExnC: used for sparking devices but the sparking parts are protected with a container with a high 
IP. 
ExnL: is defined as an energy limited device. 
ExnZ: According to definition implies being under a simple and limited pressure. 
ExnR: is used for sparking devices but is protected by an appropriate method than the use of 
containers with high IP known as Restricted Breathing Enclosure. 
Body of containers variety made for ordinary and normal use in the industry, with a good sealing 
and prevents dust and flammable gases into our environment to a large extent such that in-flow 
gases concentrations   and accumulation of them in a long term is below the "lower explosive 
limit" 
(One of the differences of these containers with that of Type "flameproof" is that they never have 
the strength of "flameproof" containers) 
Application ExnR: Panel, measurement and monitoring on systems and instrumentation 
equipment  
Protective of variety P information: 
To avoid explosive gases flow inside the containers or cubicles in this system and enclosed 
environments, their internal pressure, with the use of air or an inert gas, will be considered more 
than the ambient pressure away from it. (In accordance with standard IEC 60079-2, the pressure 
difference must be at least equal to 5 mm of water and the container or cubicle, should be sealed 
completely) in another approach, volume of gas or flammable vapor surrounding the container or 
room should be diluted using an Explosion-proof Sucker and reduced to a level below the 
explosive gas-air mixture .  
Application: Large machines, slip ring motors, switch cabinets, control cabinets and analytical 
instruments, etc. 
 
Protective of variety o:  
 
In this type of protection, sparking parts of system or device are immersed in oil with high 
isolation to smother the created sparks.  
Application: Large transformers, Panel, etc. 
 
 



Journal of Research and Development        Vol. 2, No.2, 2014 
 

85 
 

Protective of variety   q: 
 
This protection is similar to that of Protective of   Variety O with the difference that instead of 
oil, very fine sand or glass beads or stones will be used. (In accordance with IEC 60079-5 
standard, basic material used is quartz or glass powders and the powder minimum diameter is of 
0.5 mm and a maximum of 1 mm.) 
Application: Capacitor, transformer which is used in a potentially explosive environment. 
Protective variety of m:  
Definitely a beam that by spark or extreme heat inflames gases or Flammable vapors of its 
environment will be put inside an envelope of Epoxy Resin Compound in such a way that 
is incapable of igniting surrounding environment. 
Characteristics of this compound according to the definitions contained in IEC 60079-18:  
1-It is inert. 
(2) When warmed, it is soft and supple with elastic property. But after getting cold, becomes 
rigid but not brittle.  
3 -It may be used with additives and filler materials  
4-Temperature of function is so that in operating conditions or storage its properties will not 
change. 
Application: blast static loops, solenoid valves or motors, relays and another Control Gear with 
limited power, complete printed circuit board with electronic circuits, etc.  
Protective variety of (Fully Sealed): 
 
This type of protection of device container is sealed completely in many ways including welding, 
soldering or using very high quality rubber gaskets and the degree of protection is IP 68. Even a 
very long time (specified by the manufacturer) immersion in water, will not lead to intrusion of 
water into it and if the water penetrates any way, its value is not so to have a detrimental effect 
on system performance. 
(The containers work only in Class I, Division 2 or Zone 2) 
Protective of variety s: 
 
If the specifications of protection in hazardous environments are consistence with none of the 
previously mentioned items defined in IEC and CENELEC precisely, it is determined with the 
letter "S" Examples of installation of equipment in different areas: 
Zone0:  
In this area, we are not allowed to install any electrical or electronic circuit  or we are only 
allowed  to install equipment with Standard Ex ia in this area that usually includes transmitters, 
sensors and the control Valves.  
Zone1 
Zone1: in this region that has allocated the most percentage of hydrocarbon industries in terms of 
presence, we are authorized to install equipment with the following standards:  
- Motors with Standard Ex d and Ex p  
- Transformers and capacitors with Standard  Exd  
- Transmitters with Standard Exi  
- Lighting equipment with Standard Ex d, Ex de and Ex e  
- Electrical Junction Box with Standard Ex d  
- Junction Box of instrumentation with Standard Ex e  
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- Warning and telecommunication equipment with Standard-Exi 
 
-Flashlight and portable lighting with Standard Ex i  
Zone 2: In this area we are authorized to install instruments with the following standards:  
- Motors with Standards Ex d, Ex p, Ex e and Ex n  
- Transformers and capacitors with Standards Ex p or Ex d  
- Transmitters with Standard Ex i  
- Control equipment with Standard Ex i  
- Lighting equipment with Standards Ex d, Ex e and Ex n  
- Electrical distribution box and electrical equipment with Standards Ex d and Ex o  
- Instrumentation Junction Box with Standard Exe  
- Warning telecommunications equipment with Standards-Ex i 
-Flashlight and portable lights with Standards- Ex i  
- Container of explosion proof equipment  
 Group I: Intended equipment for use in underground parts of mines, 
And to those parts of surface installations of such mines that are exposed to methane gas and 
combustible dust: 
 

 
 
Group II: the equipment that for use in other locations exposed to explosive environments and  
considered at risk (hazardous locations except Group I) 
 
 

 
Ingress Protection( IP Code) [6] 
 
 
Standard IEC 60529 
 
IP is a type of grading that determines the protection of electrical devices body from human or 
animal contact 
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and also hard hit of external objects, water or other liquids penetration into them. 

  
IP is written as I & P and the protection degree of bodies and containers are written using two 
letters and are specified using two one-digit numbers that comes after them. 
 
The first number after the letters is called the characteristic number and shows the degree of 
protection against human or animal contact or collision of solid and external rigid particles and 
objects. This number can be between zero and 6. The second number after   the IP number is 
known as the second characteristic and indicates the degree of protection against penetration of 
liquids, especially water and is selected between zeros to 8. 
 
In this way, using two numbers, degree of protection of electrical equipment against the entry of 
external bodies and water into the body, is defined precisely. 
 
If a device does not have one of the above properties, instead of one of numbers, letter X will be 
applied. 
 
 
Degree of containers protection against persons, or foreign bodies contact (the number of the 
first specification) 

0 Without a special protection (No protection against contact or entry of any external 
bodies can be  provided) 

1 Protection against ingress of external solid objects with a diameter of over 50 mm 
and a width of posterior a human hand 

2 Protection against ingress of external solid objects with a diameter of 12.5 mm and a 
length up to 80 mm and a human finger 

3 Protection against ingress of external solid objects with a diameter greater than 2.5 
mm especially tools 

4 Protection against ingress of external solid objects with a diameter greater than 1 mm 
and wire  diameter of 1 mm or more 

5 Protection against ingress of dust. In such protection we cannot prevent ingress of 
dust completely. But dust ingress into the machine is not enough to distract proper 
functionality. Moreover, full protection is available against collision of hard objects. 

6 Full-sealed against ingress of dust and no entry of dust to the machine will take place. 
Furthermore a full protection against collision of hard objects is available as well. 

 
Degree of protection against ingress of liquids, especially water into containers 

0 Without special protection. 
1 Protection against vertically dripping water. No harmful effect will be created in the 

case of vertical dripping water. 
2 In case of deviation of system or its body from the ideal situation as 15 degrees and 

vertical dripping water, no harmful effect will be remained. 
3 In case of deviation of system or its body from the ideal situation as 60 degrees. 

Secretion and splashing water will create no harmful effect. 
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4 Secretion and splashing water on the body in any direction will create no harmful 
effect. 

5 Secretion and splashing water with high pressure and even using water diffuser 
system will create no harmful effect. 

6 Secretion and splashing water with high pressure using water diffuser system will not 
enter water harmfully to the device. 

7 If the device is immersed with a define value of time and pressure (according to sub-
provision of No. 8.7 inBS-5490). Water is unlikely to enter to systems as harmfully 

8 Under the conditions provided by the manufacturer company, the device can be 
immersed into water as determined by manufacturer company without any water 
penetration permanently. And if water penetrated to the device it will not harm to 
device due to its little amount. 

 
 
 

  
As it is observed, the first number indicates protection against the ingress of substances into the 
body. In cases where more precise definition of the property of protection against contact with 
parts is added , and using electrified and moving IP to be needed the four letters attached to the 
bottom of the sign and become the interpretation of  Additional Letters of IEC will be used that 
are as follows:  
A: means that body of the device is such that contact of electrified and moving parts with the 
back of the hand is impossible.  
B: means that contact of aforementioned parts with the hand finger or rods with a length of 8 cm 
and a diameter of 12 mm is impossible. 
C: means that contact of aforementioned parts with the repair tool such as a wrench or rods with 
a length of 10 cm and a diameter of 2.5 mm is impossible.  
D: means that contact of aforementioned parts with the piece of wire with a length of 10 cm and 
a diameter of one millimeter is impossible 

 
Materials and Methods  
This study is a descriptive-analytical case. Furthermore, data collection is based on written 
documents and computer systems and scientific applications. 
Conclusions 
Factors influencing risk-prone environments can be frequency of gas emissions or potentially 
combustible dust, duration of release and the amount of emissions, type of flammable or 
explosive materials, concentration, volume and method of conditioning it. Moreover, the ways to 
minimize its impact on the environment can be introduced as using simple methods, closed 
circuit operations isolation of the spark generator parts (Using conditioning systems to make the 
inside  air pressure greater than the ambient pressure) inert gas, ventilation, fully 
functional conditioning system with very good quality.  
Suggestions  
All of the devices used in hazardous areas must be selected and installed suitably to have the 
necessary security in the face of special operational environment including heat, chemical, 
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electric, mechanical collisions and vibration impacts as well as the moisture present at the 
ambient.  
Selection of devices according to gas grouping 
Selection of the devices according to dusty environments 
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