
Tel: 609 799 4449    Fax: 609 799 5559    Email:  safety@chilworth.com

Chilworth
Technology

1

VAHID EBADAT, Ph.D.

CHILWORTH TECHNOLOGY, INC.

250 Plainsboro Road, Building 7

Plainsboro, NJ 08536

TEL:  609 799 4449

FAX:  609 799 5559

email:  vebadat@chilworth.com

http://www.chilworth.com

Presentation at

2nd Annual AIHA NE Industrial Hygiene Joint Conference

October 14th, 2008

Sturbridge, MA

Combustible Dust Hazards & OSHAôsNew Initiative
An Overview



Tel: 609 799 4449    Fax: 609 799 5559    Email:  safety@chilworth.com

Chilworth
Technology

2

CONTENTS

Ç CONDITIONS FOR A DUST CLOUD EXPLOSION

Ç FLAMMABILITY OF DUSTS

ï Sensitivity to Ignition

ï Explosion Severity

ï Factors Affecting Flammability 

Ç Dust Explosion Incidents Reported by CSB

Ç OSAH Combustible Dust National Emphasis Program (NEP)

Ç ESTABLISHING A BASIS OF SAFETY

ï Elimination of Ignition Sources

ï Avoidance of Flammable Atmospheres

ï Explosion Protection

Dust Explosion Hazard Assessment and Control

An Overview
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Ç FUEL - Liquid (vapor or mist), gas, or 

solid capable of  being oxidized.  

Combustion always occurs in the vapor 

phase; liquids are volatized and solids 

are decomposed into vapor prior to 

combustion

Ç OXIDANT - A substance which supports 

combustion ïUsually oxygen in air

Ç IGNITION SOURCE - An energy source 

capable of initiating a combustion 

reaction

IGNITION SOURCE

Fire Triangle
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Conditions for a Dust Cloud Explosion
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Ç Dust must be explosible (flammable, combustible)

Ç Dust must be airborne

Ç Concentration must be within explosible range 

Ç Particle size distribution capable of propagating flame

Ç The atmosphere must support combustion

Ç An ignition source must be present

Conditions for a Dust Explosion
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Is Dust Cloud Explosible?

Use a Hartmann Bomb, 20L sphere or 1m3 sphere test vessel to 

determine whether the dust cloud is explosible at the dust 

handling/processing conditions

Ç Dusts which ignite and propagate away 

from the source of ignition are considered 

ñexplosibleò (Group A)

Ç Dusts which do not propagate flame away  

from the ignition source are considered 

ñnon-explosibleò (Group B)

Ç Group B powders are known to present a 

fire hazard and may be explosible at 

elevated temperatures (e.g. in dryers)

Modified Hartmann Apparatus
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Ç Dust must be explosible

Ç Dust must be airborne

Ç Concentration must be within explosible range

Ç Particle size distribution capable of propagating flame

Ç The atmosphere must support combustion

Ç An ignition source must be present

Conditions for a Dust Explosion
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Ç When concentration of dispersed dust cloud in air is below a certain value, 

Minimum Explosible Concentration, an explosion can not propagate

Ç Explosion violence of the cloud increases as the dust concentration 

increases until an optimum concentration is reached giving the highest 

explosion violence

Ç At higher concentrations explosion

violence decreases or stays roughly

constant

Ç Maximum Explosible Concentration - the                                        

concentration above which an explosion                                                   

can not propagate - is not always clearly

defined

Ref: (Geoff Lunn, 1984)

Explosible Dust Cloud Concentration

Dust Concentration (g/m3)
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Is Dust Cloud Concentration Within the Explosible Range?
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Range of explosible dust concentrations in air at normal temperature and 

atmospheric pressure for a typical natural organic dust (maize starch), 

compared with typical range of maximum permissible dust concentrations in 

the context of industrial hygiene, and a typical density of deposits of natural 

organic dusts (Eckhoff)

Industrial Hygiene Explosible Range

Dust Deposits

10-3 10-2 10-1 1          10        102           103           104            105            106

Mass of Powder/Dust per Unit Volume (g/m3)   

Range of Explosible Dust Cloud Concentration
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A cloud of 40g/m3 of coal dust in air is so dense that a glowing 25W light bulb 

can hardly be seen through a dust cloud of 2m thickness (Eckhoff)

25W

Glass Glass

40g/m3 Coal Dust

2m

?

Appearance of an Explosible Dust Cloud
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Illustration of the potential hazard of even thin dust layers.  A 1mm layer of a 

dust of bulk density 500Kg/m3 will generate a cloud of average concentration 

100g/m3 if dispersed in a room of 5m height.  Partial dispersion up to only 1m 

gives 500g/m3
(Eckhoff)

C is dust cloud concentration

Pbulk is powder bulk density

h is dust layer thickness

H is dust cloud height in the room

Formation of Explosible Dust Cloud

C = Pbulk 
x  (h / H) 

(a) (c)

1mm layer of 

dust of bulk

density 500kg/m3

500 g/m3

1m

(b)

5m 100 g/m3
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Illustration of how the blast wave from a primary explosion entrains and disperses a 

dust layer, which is subsequently ignited by the primary dust flame (Eckhoff)

PRIMARY 

EXPLOSION

BLAST WAVE

EXTENSIVE SECONDARY EXPLOSION RESULTS

DUST LAYER

DUST CLOUD FORMED

a

b

c
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Ç Dust must be explosible

Ç Dust must be airborne

Ç Concentration must be within explosible range 

Ç Particle size distribution capable of propagating flame

Ç The atmosphere must support combustion

Ç An ignition source must be present

Conditions for a Dust Explosion
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Is Particle Size Distribution Capable of Propagating Flame?

Size Reduction

Ç Powders include pellets, granules, and dust particles

Ç Pellets have diameters greater than 2mm, granules have diameters between 

0.42mm and 2mm, and dusts have diameters of 0.42mm (420µm) or less

Ç The finer the particles the greater the surface area and thus the more explosible a 

given dust is likely to be

Ç When dust is made up of a series of particle sizes ranging from fine to coarse, the 

fines may play a more prominent part in the ignition and the explosion propagation

Ç Presence of dusts should be anticipated in the process stream, regardless 

of the starting particle size of the material

14



Tel: 609 799 4449    Fax: 609 799 5559    Email:  safety@chilworth.com

Chilworth
Technology

15

Ç Dust must be explosible

Ç Dust must be airborne

Ç Concentration must be within explosible range 

Ç Particle size distribution capable of propagating flame

Ç The atmosphere must support combustion

Ç An ignition source must be present

Conditions for a Dust Explosion
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Ç To produce combustion, sufficient amount of oxidant must be available

Ç Oxidants are materials that are capable of ñburningò metals, and organic 

compounds, by reacting with them to form more stable compounds

Ç Typical oxidants include fluorine, oxygen, chlorine, bromine

Ç In general, combustible organic compounds are unlikely to propagate 

flame if oxygen content is below 8 % v/v using nitrogen or carbon dioxide 

as inert gas

Ç The concentration of oxidant below which a deflagration cannot occur in a 

specified mixture is referred to as the Limiting Oxidant Concentration 

(LOC)

Atmosphere Must Support Combustion
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Ç Dust must be explosible

Ç Dust must be airborne

Ç Concentration must be within explosible range 

Ç Particle size distribution capable of propagating flame

Ç The atmosphere must support combustion

Ç An ignition source must be present

Conditions for a Dust Explosion
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Ç Hot work

Ç Open flames

Ç Mechanical friction and sparks

Ç Hot surfaces and equipment

Ç Thermal decomposition

Ç Electrical arcs (sparks)

Ç Electrostatic discharges

Typical Ignition Sources

18
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Flammability of Dust Clouds
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Assessing Explosion and Flammability Characteristics

Ç How easily will it ignite?

ü Minimum Ignition Energy (dust clouds and dust layers)
ü Minimum Ignition Temperature (dust clouds and dust layers)
ü Thermal Instability

Ç What will happen if it does ignite? (Consequences of Ignition)

ü Maximum Explosion Pressure
ü Maximum Rate of Pressure Rise

Ç Ensuring Safety by Avoiding/Controlling Flammable Atmospheres?

ü Minimum Explosible Concentration
ü Limiting Oxygen Concentration

Ç Electrostatic Properties

ü Electrostatic Chargeability
ü Resistivity / Conductivity 
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Dust Cloud Ignition Sensitivity and Explosion Severity Characteristics

Increasing 

Level of

Confidence

in Data

ÇSpecific powder testing

ÇPrior material testing

ÇManufacturer MSDS

ÇGeneric MSDS

ÇLiterature sources

üNFPA

üBureau of Mines

ü Internet sites

üOther
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Summary of Factors to Consider

Factors affecting flammability data include:

Temperature

Pressure

Oxidant

Turbulence

Hybrid

Mixtures

Moisture

Content

Particle

Size

22
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Dust Cloud Explosions History
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ü Ford Motor Co., Dearborn, MI: 2/1/99

(6 killed, 14 injured) Coal dust

ü Rouse Polymerics International Inc., Vicksburg, MS: 5/16/02

(5 killed,7 injured) Rubber dust

ü West Pharmaceutical Services, Kinston, NC: 1/29/03

(6 killed, 38 injured) Polyethylene dust

ü CTA Acoustics Inc, Corbin, KY: 2/20/03

(7 killed, 42 injured) Phenol-Formaldehyde Resin dust

ü Hayes Lemmerz International Inc, Huntington, IN:10/29/03

(1 killed, 2 injured) Aluminum dust

Recent US Dust Explosion Fatalities
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Ç ñDust incidents are a significant industrial safety problemò

Ç On average ñ10 dust explosions per yearò

ü Nearly 5 fatalities and 29 injuries per year

ü The annual rate is increasing

Ç 281 incidents recorded

ü 119 fatalities

ü 718 injuries

Ç 14 fatalities in three incidents in 2003

* CSB Investigation Report: Combustible Dust Hazard Study Nov 9, 
2006 (Database excluded grain, coal, transportation and non-
manufacturing)

Notes from CSB Report ïUS Dust Incidents 1980 to 2005*
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Industry Percent of Incidents Reported

Food Products 24

Lumber & Wood Products 15

Chemical Manufacturing 12

Primary Metal Industries 8

Rubber & Plastic Products 8

Electric Services 8

Fabricated Metal Products 7

Equipment Manufacturing 7

Furniture & Fixtures 4

Other 7

Dust Incidents by Industry

Notes from CSB Report ïUS Dust Incidents 1980 to 2005*
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Ç Overall awareness and understanding of dust explosion hazards is 

lacking; training is needed,

Ç Secondary explosions are most often responsible for damage and 

injuries,

Ç Existing Codes and Standards are good but not understood nor 

applied consistently,

Ç MSDS do not provide enough information to adequately assess dust 

explosion hazards.

* CSB Investigation Report: Combustible Dust Hazard Study Nov 9, 

2006

Notes from CSB Report ïUS Dust Incidents 1980 to 2005*
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OSHA Combustible Dust National Emphasis Program (NEP)

CPL 03-00-008, March 11th, 2008
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Ç The Occupational Safety and Health Administration, OSHA, has issued a directive 

(CPL 03-00-008) effective 3/11/2008 revising the Combustible Dust National 

Emphasis Program (NEP) established on 10/18/2007

Ç The NEP will require OSHA offices to begin inspections of sites that handle 

combustible dusts specifically targeting dust explosion hazards

Ç OSHA will be creating an all inclusive listing of facilities that handle combustible 

dusts from its facility classification lists including:

ü Standard Industrial Classification (SIC), and

ü North American Industry Classification System (NAICS) codes

Ç Many types of industries (64) are listed including: chemicals, pharmaceuticals, 

textiles, agriculture, forest and furniture products, metal processing, tire and 

rubber manufacturing, coal dust and recycling operations 

OSHA National Emphasis Program (NEP)
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You are a target of the OSHA National Emphasis Program (NEP) if:

Ç You are covered by OSHA

Ç Site history

Ç You handle/process combustible dusts and powders including (but not limited to):

ü Metal dust such as aluminum and magnesium

ü Wood dust

ü Coal and other carbon dust

ü Plastic dust and additives

ü Biosolids

ü Other organic dusts such as sugar, paper, soap and dried blood

ü Certain textile materials

OSHA National Emphasis Program (NEP)
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Ç When inspecting a site as part of the NEP, OSHA inspectors will focus on using

specific guideline documents from the National Fire Protection Association, NFPA

(NFPA 68, 69, 85, 484, 499, 654, 664) and FM Global safety data pamphlet FM

7-76.

Ç Your knowledge and good faith application of these codes and standards will be

critically important to the NEP inspection

OSHA National Emphasis Program (NEP)
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Ç NFPA 68, Guide for Venting of Deflagrations

Ç NFPA 69, Standard on Explosion Prevention Systems

Ç NFPA 70, National Electrical Code

Ç NFPA 77, Recommended Practice on Static Electricity

Codes and Standards - Combustible Solids
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Ç NFPA 484, Standard for Combustible Metals

Ç NFPA 499, Recommended Practice for the Classification of Combustible 

Dusts and of Hazardous (Classified) Locations for Electrical Installations in 

Chemical Process Areas

Ç NFPA 654, Standard for the prevention of Fire and Dust Explosions from the 

Manufacturing, Processing, and Handling of Combustible Particulate Solids

Ç NFPA 655, Standard for Prevention of Sulfur Fires and Explosions

Ç NFPA 664, Standard for the prevention of Fires and Explosions in Wood 

Processing and Woodworking Facilities

Codes and Standards - Combustible Solids
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Ç Evaluation of the hazard of a combustible dust should be determined by the 

means of actual test data

Ç Each situation should be evaluated and applicable tests selected

Ç The following list represents the factors that are sometimes used in 

determining the deflagration hazard of a dust:

ü Particle size distribution

ü Moisture content as received and as tested

ü Minimum explosible concentration

ü Minimum ignition energy

ü Maximum explosion pressure, Maximum rate of pressure rise, and Kst

ü Layer ignition temperature

ü Dust cloud ignition temperature

ü Limiting oxidant concentration (LOC) to prevent ignition

ü Electrical volume resistivity

ü Charge relaxation time

ü Chargeability

Determining Deflagration Hazards of Dusts ïNFPA 654



Tel: 609 799 4449    Fax: 609 799 5559    Email:  safety@chilworth.com

Chilworth
Technology

3535

OSHA Combustible Dusts NEP Inspection Procedures Include:

Ç Assessment of the combustible dust threat to employees

ü Are the dust and management practices hazardous?

ü What is the site history of fires involving dust?

ü Does the MSDS indicate a dust explosion hazard?

ü Are dust accumulations hazardous?

Ç Collection of samples of combustible dusts for laboratory analysis

ü From high places

ü From floors and equipment surfaces

ü From within ductwork

Ç Audit of dust management practices and equipment including dust 

collectors, ductwork, and other dust containers.

Ç Audit of room safeguards

Ç Audit of ignition source management

OSHA National Emphasis Program (NEP)
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Explosion Prevention and Protection Techniques
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Basis of Safety

Ç Elimination of ignition sources

Ç Avoidance of flammable atmospheres

Ç Explosion Protection

Explosion Prevention and Protection Techniques

IGNITION SOURCE
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Elimination of Ignition Sources

Involves:

Ç Control of Heat Sources - NFPA 654

Ç Control of Friction - NFPA 654

ü Mechanical friction

ü Friction sparks

Ç Control of Electrical Sparks - NFPA 499, NEC

Ç Control of Static Electricity - NFPA 77

Explosion Prevention Techniques
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Ç If the material is subjected to heat as part of the normal process (e.g. during 

drying), the temperature should be maintained below the self heating temperature 

(for solids)

Ç Preventing the overloading of processing plant (grinders, conveyors, etc.).  

Internal buildup will BOTH reduce heat loss from material AND increase operating 

temperature above ñnormalò.  Consider the installation of overload protection 

devices on drive motors

Ç Isolation or shielding of hot surfaces

Ç Prevention/removal of dust accumulations on hot surfaces

Ç Use of approved electrical equipment (correct temperature rating)

Explosion Prevention Techniques - Control of Heat Sources
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Ç Prevent overheating due to misalignment, loose objects, belt-slip/rubbing etc. by regular 

inspection and maintenance of plant

Ç Prevent foreign material from entering the system when such foreign material presents an 

ignition hazard.  Consider use of screens, electromagnets, pneumatic separators, etc.

Ç Floor sweepings should not be returned to any machine

Ç Impact sparks can occur when for example operators use, drop, or otherwise strike metal 

equipment with metal tools or objects.  Minimize the likelihood of impact sparks through:

ü Proper tool selection

ü Techniques to prevent dropping tools e.g. wrist straps

ü Operator training

Ç Hot work operations should be controlled by a hot work permit system in accordance with 

NFPA 51B, Standard for Fire Prevention During Cutting, Welding, and Other Hot Work

ü Formation of dust clouds should be prevented, and dust deposits should be removed

ü A gas/vapor detector may be used to ensure flammable vapors/gases are not present

Explosion Prevention Techniques - Control of Friction
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Ç Incorrectly specified electrical equipment 

is a potent ignition source for flammable 

gases, vapors and dusts

ü Sparks

ü Hot surfaces

Ç In facilities handling flammable materials 

the electrical equipment used must be 

suitable for the environment in which it is 

to be used

Ç In order to determine the type of 

equipment it is necessary to define 

hazardous (classified) locations

Explosion Prevention Techniques ïElectrical Equipment


