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3Introduction

Powders or dusts are either used in or generat-
ed as a byproduct of chemical, pharmaceutical, 
food and other manufacturing processes. A ma-
jority of dust like substances poses a danger of 
fire or possibly even an explosion – and many 
operators and production managers are not 
aware of the risk.
 
This quicknote serves as a resource to help avoid 
the explosion potential of dust by working to:
	 provide you the facts and details of dust 
	 risks.
	 help you understand the consequences of a 	
	 dust explosion in your production facility, and
	 take suitable steps to minimize dust explo-		
	 sion risk.

DANGER

Combustible dust explosion hazard
•	 NO smoking or ignition sources 
•	 NO welding
MUST USE proper cleaning procedures

Small Particles – Major Impact

How to Avoid Dust Explosions



4What are Risky Materials?

Different parameters determine the combustibil-
ity and safety factors of dusts that characterize 
the risk and extent of the hazard: 
�� Size of particles, as only particles between 	

400 µm to 20 µm are combustible
�� Combustible dust concentration, which is 

specific for each material
�� Moisture content, which influences ignition 

energy
�� Ignition temperature, or the lowest tempera-

ture of a heated wall that ignites the mixture 
upon brief contact

�� Minimum ignition energy, which is the min-
imum energy of a spark able to ignite the 
mixture

�� Smoldering temperature, or the lowest 
temperature of a hot surface on which a 5 
mm dust deposit is ignited

Many materials can become combustible under 
specific situations. Examples include: 

�� Agricultural products such as powdered milk, 
cornstarch, sugar, flour, grain, potato, rice 

�� Metals such as aluminum, bronze,  
magnesium, zinc 

�� Chemical dusts such as coal, sulphur, etc.
�� Pharmaceuticals
�� Pesticides
�� Rubber
�� Plastics
�� Wood

Combustible Dusts Examples of Risky Materials

How to Avoid Dust Explosions

 www.osha.gov/Publications/
combustibledustposter.pdf

https://www.osha.gov/Publications/combustibledustposter.pdf


5Why are Dust Explosions so Devastating?

Similar to flammable gases, 
combustible dust, air and an 
ignition source must be pres-
ent under the right circum-
stances.

Dust that is swirled up forms a 
combustible dust mixture. If ig-
nited by an ignition source an 
initial explosion is triggered.

This explosion can shake 
loose more dust or damage a 
containment vessel. A second-
ary explosion is triggered that 
could be even more devastat-
ing.

1 How it Starts 2 Initial Explosion 3 Secondary Explosion

Dust

Oxygen (O2)

Ignition source

How to Avoid Dust Explosions

 More Information 
www.goo.gl/dSoVCZ



6What are Risky Processes?

�� Convert non critical materi-
als into powders, flours or 
dusts

�� e.g. chemical production, 
sugar production

�� Chemical, paint, food pro-
duction

�� Plastics & metal production 
Agricultural production

�� Wood working industries 
such as furniture production

�� Metal handling

Milling  
Industries

Industries that  
Use Powders

Industries that  
Generate Dusts

There are three categories of processes and industries where flammable dusts are generated or used.

Critical unit oper-
ations include:

�� Grinding
�� Atomising

�� Conveying
�� Collecting

�� Drying
�� Screening

�� Grading
�� Blending

��Weighing
�� Packaging

How to Avoid Dust Explosions



7How to Prevent Explosions?

Dust explosions are prevented by either making dust non-combustible or by using the right equipment.

The most important measure is to prevent the 
dispersal of combustible dust as much as possi-
ble by:
�� Implementing suitable construction measures
�� Regular cleaning, as good housekeeping is a 

primary component of any combustible dust 
control program

Preventing the explosive atmosphere from be-
ing ignited by: 
�� Correct grounding 
�� Using adequate electrical equipment ap-

proved for the correct hazardous area zone

Avoid the Presence of Dust Avoid Ignition Sources

How to Avoid Dust Explosions
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 Learn more about Ex-Solutions 
www.mt.com/hazardous

How to Weigh Safely in the Presence of Dust

When preparing raw materials for a production 
batch, often fine powders are weighed  resulting 
in classification of Zone 21 or Zone 22 for the 
area.
�� Scales that have the right accuracy to avoid 

quality fluctuations are also needed in haz-
ardous areas

�� Weighing data needs to be stored, printed or 
transferred to ensure full traceability

�� Intrinsic safe solutions ensure safety and 
ease of use at the same time

Filling of combustible powders into bags or bulk 
containers is a common activity in Zone 21 or 
Zone 22. 
�� Using an Ex-approved scale with high  

accuracy reduces overfilling
�� Terminals that provide features such as easy- 

to-configure software routines, discrete I/Os, 
material storage tables and more that help to 
automate and optimize filling processes

Formulation and Recipe Weighing Filling of Bags or Containers

How to Avoid Dust Explosions



9More Information

Learn about relevant ignition-protection  
methods. Find examples how to optimally 
install scales in hazardous areas.

 www.mt.com/ind-hazweb-protection

Protection Principles Webinar

How to Avoid Dust Explosions

Get advice from our experts on safe weighing 
processes in hazardous areas. Understand stan-
dards, regulations and Ex-equipment labeling.

 www.mt.com/ind-hazweb-standards

Ex Areas Standards and Regulations



10More Information
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Read our Quicknote to find out about require-
ments for maintenance, installation and repair of 
Ex equipment according to IEC standards. 

 www.mt.com/ind-ex-lifecycle

Ex-Equipment Lifecycle

4 Steps to a Safe Workplace
Scales in Hazardous Area

Read our comprehensive guide to ensure safe 
weighing and to comply with hazardous-area 
standards and regulations, and download our 
Ex-marking poster for easy identification of Ex 
equipment.

 www.mt.com/ind-hazguide
 www.mt.com/ind-haz-poster

Hazardous-Area Safety Guide & Poster

Equipment Group, Category & Protection Level
Group Category Atmosphere EPL1) Required Protection

I Mines
M1 Methane Ma Operable in Ex-atmosphere

M2 (Firedamp) Mb De-energized in Ex-atmosphere

II
All other
areas

1
G (Gas) Ga

In normal operation
D (Dust) Da

2
G (Gas) Gb

During expected malfunction
D (Dust) Db

3
G (Gas) Gc

During rare malfunction
D (Dust) Dc

Material Group / Equipment Group (excluding Mines)
ATEX / IECEx North America  (NEC / CEC)

Substance Group Class Group  
(Division) Group (Zone)

Propane IIA I D IIA

Ethylene IIB C IIB

Hydrogen IIC B IIC

Acetylene A

Fibers/Flyings IIIA III - IIIA

Grain dusts IIIB II G IIIB

Coal dusts F

Metal dusts IIIC E IIIC

Zone and Division Classification
Explosive Atmosphere Zones

Gas / Dust Divisions

Continually present Zone 0 / Zone 20 Division 1

Likely to occur during normal 
operations

Zone 1 / Zone 21 Division 1

Not likely to occur during 
normal operations, but may 
occur for short periods

Zone 2 / Zone 22 Division 2

Gas Temperature Classes

Max. Surface
Temperature

IEC / 
NEC505
CEC Sec. 

18

NEC 500
CEC 

Annex J

Max. Surface
Temperature

IEC / NEC505
CEC Sec. 18

NEC 500
CEC Annex J

450°C / 852°F T1 T1 200°C / 392°F T3 T3

300°C / 572°F T2 T2 180°C / 356°F T3A

280°C / 536°F T2A 165°C / 329°F T3B

260°C / 500°F T2B 160°C / 320°F T3C

230°C / 446°F T2C 135°C / 275°F T4 T4

215°C / 419°F T2D 120°C / 248°F T4A

100°C / 212°F T5 T5

85°C / 185°F T6 T6

For Dust: indication of the maximum surface temperature in °C.

Non-Electrical Equipment
Type of  
Protection Symbol Concept Ex Code Zone Standards  

(ATEX / IECEx)

General  
Requirement 

– Basic methods and requirements
h
–

All
EN ISO 80079-36
EN 13463-12)

Flowrestricted  
Enclosure

Restrict breathing of the enclosure

–
fr

2, 22
- 
EN 13463-2

Flameproof  
Enclosure

–
d

1, 21
-
EN 13463-3

Constructional  
Safety

Ignition hazards are mitigated  
by engineering

ch
c

All
EN ISO 80079-37
EN 13463-52)

Control of  
Ignition Sources

Control equipment to detect 
malfunctions

bh
b

All
EN ISO 80079-37
EN13463-62)

Liquid  
Immersion

Prevent contact with explosive 
atmosphere

kh
k

All
EN ISO 80079-37
EN 13463-82)

Purge and  
Pressurization

Prevent ingress of explosive 
atmosphere

p
1, 21
2, 22

IEC 600792
EN 60079-2

Ignition  
Hazards/  
Risk Assess-
ment

–
Basic concepts and methodology 
and ignition hazard assessment

– All
EN ISO 80079-36
EN 1127-1

Types of Protection (IECEx and EX)
Electrical Equipment
Type of  
Protection Symbol Concept Ex Code Zone Standards

(ATEX/IECEx)

General  
Requirement

–
General requirements for all  
Ex equipment

– – EN/IEC 60079-0

Flame- 
proof

Contain explosion;  
extinguish the flame

da 0

EN/IEC 60079-1db 1

dc 2

Purge and  
Pressurization

Prevent ingress of explosive 
atmosphere; limit surface tem-
perature

pxb 1, 21

EN/IEC 60079-2pyc 1, 21

pzc 2

Powder
Filled

Contain explosion;  
extinguish the flame

q 1 EN/IEC 60079-5

Liquid  
Immersion

Prevent ingress of explosive 
atmosphere; limit surface tem-
perature

ob 1
EN/IEC 60079-6

oc 2

Increased  
Safety

No arcs, sparks or hot surfaces
eb 1

EN/IEC 60079-7
ec 2

Intrinsic  
Safety

Limit energy of sparks and surface 
temperature

ia 0. 20

EN/IEC 60079-11ib 1, 21

ic 2, 22

Type of  
Protection "n"

Non-sparking devices
Sparking devices 
Restricted breathing

nA 2

EN/IEC 60079-15nC 2

nR 2

Encapsulation
Prevent ingress of explosive 
atmosphere; limit surface tem-
perature

ma 0, 20

EN/IEC 60079-18mb 1, 21

mc 2, 22

Optical  
Radiation

Protected by shutdown, enclosure 
or inherently safe

op pr 1, 21

EN/IEC 60079-28op is 0, 20

op sh 0, 20

Protection by  
Enclosure

Prevent ingress of explosive 
atmosphere; limit surface tem-
perature

ta 20

60079-31tb 21

tc 22

Types of Protection (NEC and CEC)
Electrical Equipment for Flammable Gases, Vapors and Mists
Type of  
Protection Symbol Concept Ex 

Code
Class I 
Division

Class I 
Zone Standards

General  
Requirement

–
General requirements for 
all Ex equipment

– – – 60079-0

Flame- 
proof

Contain explosion and 
extinguish the flame

da – 0 ISA 60079-1
C22.2 No. 
60079-1

db – 1

dc – 2

Explosion- 
proof

– 1 – C22.2 No. 30 
UL 1203
FM 36152 –

Powder 
Filled

q – 1
ISA 60079-5
C22.2 No. 

Purge and  
Pressurization

Keep the explosive  
atmosphere out

pxb 1, 2 1, 2 ISA 60079-2
C22.2 No.  
60079-2 NFPA 
496 (FM 3620)

pyc 1, 2 1, 2

pzc 2 2

Oil  
Immersion

o – 1, 2
ISA 60079-6
C22.2 No. 
60079-6

Increased  
Safety

No arcs, sparks or hot 
surfaces

eb – 1 ISA 60079-7
C22.2 No.  
60079-7ec – 2

Intrinsic  
Safety

Limit energy of sparks and 
surface temperature

– 1, 2 –
FM 3610 
UL 913

ia – 0 ISA 60079-11
C22.2 No. 
60079-11

ib – 1

ic – 2

Non-incendive – 2 –
ISA 12.12.01
C22.2 No. 213
FM 3611 

Type of  
Protection "n"

Non-Sparking devices nA2) 2 2 ISA 60079-15
C22.2 No. 
60079-15

Sparking devices nC – 2

Restricted breathing nR – 2

Encapsulation
Prevent ingress of explo-
sive atmosphere; limit 
surface temperature

ma – 0 ISA 60079-18
C22.2 No. 
60079-18

mb – 1

mc – 2

1) EPL = Equipment Protection Level; 2) Date of withdrawal: 31.10.2019

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Electrical Equipment for Combustible Dusts

Type of  
Protection Symbol Concept Ex 

Code
Class II  
Division

ClassIII 
Division

Class 
II Zone Standards

Dust Ignition
Protection

Keep combustible 
dust out

– 1, 2 1, 2 – C22.2 No. 25 
FM 3616
UL 1203

Protection by
Enclosure

ta – – 20 ISA 60079-31
C22.2 No. 
60079-31

tb – – 21

tc – – 22

Fiber and 
Flying
Protection

– – 1, 2 – C22.2 No. 25
FM 3616
UL 1203

Non-Incendive

Limit energy of 
sparks and sur-
face temperature

(NI) 2 1, 2 – ISA 12.12.01 
C22.2 No. 213
FM 3611

Intrinsic Safety

– 1, 2 1, 2 – ISA 60079-11 
C22.2 No. 
60079-11
FM 3610
UL 913

ia – – 20

ib – – 21

ic – – 22

Encapsulation

Prevent ingress 
of explosive 
atmosphere; 
limit surface 
temperature

ma – – 20

ISA 60079-18
mb – – 21

mc – – 22

Pressurization
Keep the explo-
sive atmosphere 
out

(PX) 1, 2 1, 2 – ISA 61241-2 
NFPA 496 
(FM3620)

(PY) 1, 2 1, 2 –

(PZ) 2 1, 2 –

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Increased safety “e”

Constructional safety “c”

Protection via enclosure “t”

Protection type “n”

Optical radiation “op”

Intrinsic safety “i”

Flameproof enclosure “d”

Pressurised enclosure “p”

Oil immersion “o” Liquid immersion “k”

Powder �lling “q”

Encapsulation “m”

Optical radiation “op”

Hazardous Area Regulations

ATEX
European directive 2014/34/EU covers equipment and protective 
systems for use in hazardous areas. Directive 99/92/EC (ATEX137) 
defines employers’ responsibilities to hazardous area safety.

IECEx
International Standards on equipment and installations in potentially 
explosive areas published by IEC (International Electrotechnical 
Commission).

NEC / CEC
National Electric Code (USA) and Canadian Electric Code define 
the standards by which all electrical wiring and equipment must be 
installed.

Zone System (Gas) - NFPA 70 (US); Canada: same mark as IECEx
Class l Division 2 AEx ic lllC T5

Substance 
Class

Zone Explostion 
Protected

Type of 
Protection

Material 
Group

Temperature 
Class

NEC / CEC Marking (North America) 
Division System - NFPA 70 (US) / CSA 22.1-15 (Canada)

Class l Division 2 Group C, D T5

Substance Class Division Material Group Temperature Class

IECEx Marking (Global) – IEC60079-0 6th edition
EX ic IIB T5 Gc

Explosion 
Protected

Type of  
Protection

Material 
 Group

Temperature 
Class

Equipment  
Protection Level

ATEX Marking (Europe) – 2014/34/EU
0344 ll 3 G Ex ic llB T5 Gc

European
Conformity
Marking

European
Comission 
Mark for 

Explosion 
Protection

Equipment 
Category

Explosion
Protected

Material 
Group

Equipment
Protection 

Level

Notified Body
Identification

Equipment 
Group

Surrounding 
Atmosphere

Protection
Type

Temperature 
Class

Hazardous-Area Equipment Marking

 www.mt.com/hazardous-area

Zone System (Dust) - NFPA 70 (US); Canada: same mark as IECEx
Zone 22 AEx ic llB T91°C

Zone Explosion 
Protected

Protection Type Material 
Group

Max. Surface 
Temperature
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