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Abstract— Chemical Industries play big role to convert the 

raw materials into desired products that we use in our day-to-

day life. Chemical industry brought a tremendous revolution 

in the way the things operate. It is very necessary to 

understand the importance of the chemical industry which has 

brought record changes in our life like Agriculture, 

Environment, Health, Luxury life, Food, Hygiene, Décor, and 

Transportation etc. In one hand chemicals has become our life 

partner as day to day utility purpose, in another hand the 

processing of chemicals as per desired chemistry is very 

challengeable. Chemical industry is the second largest sector 

after construction industry which has bigger trend line of 

accident and incident. Chemical industry has greater risk of 

fire and explosion due to handling of various inflammable 

chemicals. There are several causes behind these fire and 

explosion index. Hazardous area classification is one of the 

study which deals proper selection of electrical equipment in 

chemical plant which is more prone to fire hazard.    
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I. INTRODUCTION 

Chemicals play a major role in our day to day life. Chemical 

industries and life saving drugs Manufacturer Company is the 

fastest growing industry in India. Advanced researches like 

biotechnology. India is taking a giant leap in research in 

chemicals sectors. In India still there is lot of improvement 

required in terms of safety. Fire and explosion is very serious 

issue for these chemicals industry.  

There are multiple hazardous chemical are 

processed in chemical industry. There are various safety 

standard are adopting by different industries to maintain their 

safety culture. Hazardous area classification is one of the risk 

assessment methods to identify potential hazard and theirs 

consequences. HAC is the qualitative and quantitative based 

risk assessment which helps us to categorize the plant area in 

classified zone where highly flammable solvents, chemicals 

and reagents are handled and thereafter significance risk of 

fire due to improper selection of electrical equipment is 

assessed.   

II. METHODOLOGY 

Hazardous area classification is a systematic process to 

analyze the plant area where flammable gas, vapour and dust 

are produced or accumulated in the plant environment. This 

accumulation of flammable gas, vapour and dust are analyzed 

technically whether how far plant area is safe to work 

properly in routine general operation or in accidental 

scenario. Below steps for Hazardous Area Classification. 

 

A. Step No-1 

1) Source of Release: 

Source of release is a point or location from equipment, 

instrument, machinery or pipeline which release flammable 

gas, vapour and dust. Source of release it depends on the 

properties of the chemicals.  

2) For Flammable Liquid: 

Flash point, Flammability Limit LEL, UEL, AIT Auto 

ignition temperature, Vapour pressure 

3) For Combustible Dust: 

A/B Classification, Minimum explosive Concentration, 

particle size, Minimum ignition temperature, Electrical 

resistivity.  

B. Step No-2 

1) Grades of Release: 

As part of the process of hazardous area classification, 

releases of dangerous substances are divided into three 

categories or grades:  

 Continuous grade 

 Primary grade 

 Secondary grade   

A source of release may give rise to any one of these 

grades of release or to a combination of than one. 

2) Continuous Grade of Release:  

Expected to occur frequently, or occur for long periods  

3) Primary Grade of Release:  

Expected to occur occasionally during normal operation  

4) Secondary Grade of Release:  

Not expected to occur during normal operation, and if it does 

occur, is only likely for short periods 

Grade of release can also be obtained by source 

model formula where flow rate can be determined. On the 

basis of flow rate Grade of release can be decided 

Continuous, Primary or secondary. 

Gas and vapour discharges are classified into 

throttling and free expansion releases. For throttling releases 

the gas issues through a small crack with large frictional 

losses; little of the energy inherent to the gas pressure is 

converted to kinetic energy. For free expansion releases most 

of the pressure energy is converted to kinetic energy; the 

assumption of isentropic behavior is usually valid. Source 

models for throttling releases require detailed information on 

the physical structure of the leak; they are not considered 



Hazardous Area Classification in Chemical Industry 

 (IJSRD/Vol. 7/Issue 02/2019/182) 

 

 All rights reserved by www.ijsrd.com 657 

here. Free expansion release source models require only the 

diameter of the leak. 

Formula for Grade of Release 

Qm = ACo√ 2ρ gcPg   

Qm =   Leak Mass Flow Rate 
A    =   Area of Leakage 

Co  =   Discharge Coefficent  
ρ  =     Density of Material  
gc =     Gravitational Constant   
Pg =    Resultant Pressure 

C. Step No-3 

1) Adequate Ventilation:  

Adequate ventilation is that which is sufficient to prevent 

accumulations of significant quantities of gas-air mixtures in 

concentration over one-fourth of the lower flammable limit. 

Adequately ventilated area could be naturally ventilated or 

artificially ventilated. 

D. Step No-4 

1) Degree of Ventilation: 

The effectiveness of the ventilation in controlling and 

persistence of the explosive gas atmosphere will depend upon 

the degree and availability of ventilation and design of the 

system.  

2) High Ventilation:  

Can reduce the concentration at the source of release virtually 

instantaneously, resulting in a concentration below the lower 

explosive limit.  

3) Medium Ventilation:  

Can control the concentration. Resulting in a stable zone 

boundary, whilst the release is in progress, and where the 

explosive gas atmosphere does not persist unduly after the 

release has stopped. 

4) Low Ventilation:  

Cannot control the concentration whilst release is in progress 

and/or cannot prevent undue persistence of a flammable 

atmosphere. 

E. Step No-5 

1) Availability of Ventilation: 

The availability of ventilation has an influence on the 

presence or formation of an explosive gas atmosphere. Thus 

the availability (as well as the degree) of ventilation needs to 

be taken into consideration when determining the type of 

zone.  

Three levels of availability of the ventilation should 

be considered. 

2) Good:  

Ventilation is present virtually continuously 

3) Fair:  

Ventilation is expected to be present during normal operation. 

Discontinuities are permitted provided they occur 

infrequently and for short periods. 

4) Poor:  

Ventilation which does not meet the standard of fair or good, 

but discontinuities are not expected to occur for long periods. 

F. Step-6 

1) Zone Classification  

a) For Vapour/Gases: 

1) Zone 0: That part of a hazardous area in which a 

flammable atmosphere is continuously present or present 

for long periods. Explosive atmosphere for more than 

1000h/yr. 

2) Zone 1: That part if a hazardous area in which a 

flammable atmosphere is likely to occur in normal 

operations. Explosive atmosphere for more than 10, but 

less than 1000 h/yr. 

3) Zone 2: That part of a hazardous area in which a 

flammable atmosphere is not likely to occur in normal 

operation and, if it occurs, will only for short period. 

Explosive atmosphere for less than 10h/yr, but still 

sufficiently likely as to require controls over ignition 

sources. 

2) For Dust: 

1) Zone 20: That part of a hazardous area in which an 

explosive dust atmosphere is present continuously or is 

present for long periods. 

2) Zone 21:  That part if a hazardous area in which an 

explosive dust atmosphere is likely to occur in normal 

operations. 

3) Zone 22: That part of a hazardous area in which an 

explosive dust atmosphere is not likely to occur in 

normal operation and if it does occur it will exist for a 

short period only. 

 

Grade of 

release 

Degree 

High Medium Low 

Availability 

Good Fair Poor Good Fair Poor 
Good, Fair or 

Poor 

 

Continuous 

(Zone 0 NE)Non 

Hazardous 

(Zone 0 NE) 

Zone 2a 

(Zone 0 

NE) 

Zone 1a 

Zone 

0 

Zone 0      

+Zone 2 

Zone 0      

+Zone 1 
Zone 0 

 

Primary 

(Zone 1 NE)Non 

Hazardous 

(Zone 1 NE) 

Zone 2a 

(Zone 0 

NE) 

Zone 1a 

Zone 

1 

Zone 1      

+Zone 2 

Zone 1      

+Zone 2 

Zone 1 or 

Zone 0C 

 

Secondary 

(Zone 2 NE)Non 

Hazardous 

(Zone 2 NE) 

Non 

Hazardous 

Zone 2 
Zone 

2 
Zone 2 Zone 2 

Zone 1 or even 

Zone 0c 

Table 1: 
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G. Step-7 

1) Extent of Zone 

Distance in any direction from the source of release to the 

point where the gas/air mixture has been diluted by air to a 

value below the lower explosive limit.  

H. Step-8 

1) Hazard Radius 

The largest horizontal extent of the hazardous area, 

independent of ground effects, that is generated by the source 

when situated in the open area under unrestricted natural 

ventilation. This is the distance at which the concentration of 

flammable Vapour in air has fallen to the lower flammability 

limit. 

I. Step-9 

1) Zone Marking 

Zone marking will enable us to classified zone where 

appropriate electrical installation can be made and this 

marking to be shown on plant layout to easy access of zoning 

of hazardous area and hazardous sign board shall also be 

displayed at prominent place to aware the plant community. 

 

J. Step-10 

Type of Electrical Equipment in Hazardous Area 

Type of Protection 

Zone 0 

Intrinsic Safety “ia” 

Zone 1 

Equipments suitable for Zone 0 

Flameproof  enclosure “d” 

Pressurized Apparatus  “p” 

Powder Filling “q” 

Oil emersion “o” 

Intrinsic Safety “i” 

Encapsulation “m” 

Zone 2 

Equipments suitable for Zone 0 or 1 

Non Sparking  “n” 

Increased Safety “e” 

Zone 20/21/22 

Ingress Protection Rating along with Temperature class 

III. PLANT DESCRIPTION 

Infrastructure of chemical plant is built in safety point of 

view. There are various and critical reactions are carried out 

in chemical processing plant where high level of safety is 

followed during initial design stage. Some of the parts of the 

chemical processing plant are:- 

A. Bulk Storage Unit  

It is one kind of storage area where hazardous materials are 

stored in bulk quantity. In chemical plant, chemicals are 

stored as per their compatibility. Bulk storage unit consist of 

Tank farm area where chemicals area storage in above ground 

and underground storage tank, Covered warehousing shelter 

where chemical area stored on storage racks.  

B. Chemical Processing Unit 

In chemical processing unit there are big sizes of equipment 

and utility are used. Extreme precaution is taken while 

processing of chemicals. Now a days advanced technology is 

helping to cater this problem however if this advance 

technology is handled properly then optimum result can be 

achieved if any deviation takes place, there will be chances of 

accident. In chemical processing plant, most of the process is 

carried out in closed loop and through computer system to 

maintain the fail-safe. Chemicals processing plant is a good 

example of engineering skills, Chemistry and advanced 

technology.  

IV. CLASSIFICATION OF HAZARDOUS AREA 

Hazardous area classification of chemical processing plant 

has been performed as per above methodology. 

Example: In one of the chemical plant operator 

notices a drop in pressure in a pipeline transporting Hexane. 

The pressure is immediately restored to 1 kg/cm2. At least 10 

minutes One fourth inch in-diameter leak is found in the 

pipeline and immediately repaired. Estimate the total amount 

of Hexane spilled and how much probability to have fire 

during spillage. The density of Hexane is 0.64 kg/m3. 

 

A. Step No-1 

1) Source of Release:  

Hexane solvent is being leaked out from the pipeline. 

Properties of Hexane. 

S. 

No. 
Chemical 

Flash 

point 

° C 

Boiling 

point 

(°C) 

LEL 

% 

UEL 

% 
AIT 

1 Hexane -22 69 1 8.1 240 

Table 2: 

B. Step No-2 

1) Grades of Release:   

Solution:-The drop in pressure observed and is indicative of 

a leak in the pipeline. The leak is assumed to be active a total 

of 60 minutes. The area of the hole is the density of the 

benzene is The leak mass flow rate is given by below formula. 

A discharge coefficient Co of 0.61 is assumed for this orifice-

type leak: 

Given= 
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Qm =   Leak Mass Flow Rate  ? 
A    =   Area of Leakage 

D    =    Diameter of leakage  = 0.00635  m 

Co  =   Discharge Coefficent =  0.61 

ρ  =     Density of Material  = 0.67 

gc =     Gravitationa Constant  = 6.67408 × 10-11 

Pg =    Resultant Pressure = 100 

A =
πd2

4
 

A =
3.14 x 0.00635 x 0.0635

4
 

𝐴 = 0.0000316  m2 

 

Leak Mass Flow rate by this formula  Qm = ACo√ 2ρ gcPg   

Qm = 0.0000316 x 0.61√ 2 x 0.67 x 6.67 x 10−11  x 7   
Qm = 4.8 Kg / s 

Total mass flow for 10 minutes  

1 minutes = 60 second  

Total mass release for 10 minutes 

Qm = 4.8 Kg / s 

Qm = 4.8 x 600  
Qm = 2880 kg 

Qm =
2880

0.7
 

Qm = 4114  Ltr. Released in the Room 

Size of Plant area where Leakage was observed = L x B X H 

= 10 x 10 x 3  = 300 m3 

Vapour density of Hexane  = MW of a gas  /  MW of air   = 

84/29 = 2.9 = 3  

Vapour density of Air = 0.0013 g/cc 

3  =  Vapour density of pure hexane / 0.0013 

Vapour density of pure hexane = 0.0013 x 3 = 00.0039 

Assuming 1 g hexane has vapour volume at NTP as V 

Then (1/V) = vapour density of pure hexane = 0.0039 

Nov V = 1/0.0039 cc at NTP = 256 cc 

4114 Ltr.of hexane leaked out   = 4114 x 0.7 = 2880 kg 

Volume of vapour of 2880 kg of hexane = 256 x 2880 = 

737280 

Size of Plant area where Leakage was observed  = 300 m3  = 

300000 Ltr 

Effective volume of room air dilution of hexane vapours  =  

300000 /  3  =  100000 Liters 

Concentration of Hexane in the room  =  (737280 / 100000) 

x 100 = 7.37 %  

7.37 % WHICH IS HIGHER THAN THE LEL OF HEXANE 

2) Grades of Release:   

Secondary due to Spillage  

C. Step No-3 

1) Adequate Ventilation:  

As per sown pic Acetone is stored in above ground storage 

tank which is in open atmosphere hence ventilation will be 

natural  

D. Step No-04 

1) Degree of Ventilation:  

If ventilation is under natural atmosphere then degree of 

ventilation will be medium. 

E. Step No-5 

1) Availability of Ventilation: 

If degree of ventilation is medium then availability of 

ventilation is fair as per the below  

F. Step-5 – Zone Marking 

1) Zone-2 

 

G. Step-6 

1) Hazardous area classification table for storage tank 

Sr. 

No 

Source o release ventilation 

Description Location 
Grad of release 

(1) 

Type 

(2) 

Degree 

(3) 

Availability 

(4) 

1 
Around storage tanks and Dyke 

Area 

Acetone Storage 

Tank 
S N VM F 

 

Hazardous area classification 

Zone type 

(0/1/2/20/21/22) 

Zone extent 
Comments Recommendations 

Horizontal Vertical 

2 
3 m from the 

storage tanks 

3 m from the 

storage tanks 

Flammable vapors are expected to 

be present in case of accidental 

spillage or leakage hence Zone -2 

Only Flameproof enclosure 

Type electrical fitting 

allowed 

2) Flameproof Light 

 

V. CONCLUSION  

Hazardous Area Classification has been done one of the 

sections of chemical plant. These practices can be applied to 

other area of the plant then whole plant can be categorized 

under the hazardous zone. After classifying the hazardous 

area, Electrical integrity can be defined accordingly. This 

assessment not only predicts the selection of electrical 
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equipment in hazardous area it enables us to provide complete 

information about what could be releases, what are the 

potential source of ignition and what control measure can be 

taken to minimize the risk accordingly.  
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