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ABSTRACT

This document combines material presented in earlier National Materials
Advisory Board reports and revises it to account for changes in the National
Electrical Code that were made in 1981 and that reflect some of the'
recommendations of the Committee on Evaluation of Industrial Hazards.
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PREPACE

The Occupational Safety and Health Administration (OSHA) of the U.S.
Department of Labor requested that the Committee on Evaluation of Industrial
Hazards of the National Research Council's (NRC) National Materials Advisory
Board (NMAB)* classify several hundred gases, vapors, and dusts in
accordance with the groupings in Article 500 of the National Electrical
Code.** The committee's expertise is comprised of chemistry; combustion
phenomena; knowledge of codes, standards, and regulations; electrical
engineering; and industrial practices.

The committee established two panels to deal with combustible dusts--one
to classify the dusts and one to recommend the test methods needed to
determine dust classification parameters. The conclusions of the Panel on
Dust Test Equipment, amended and approved by the committee, were presented
in 1979 in Test Equipment for Use in Determining Classifications of
Combustible Dusts (Report NMAB 353-2). The classification of dusts by the
Panel on Classification of Combustible Dusts, amended and approved by the
committee, was published in 1980 in Classification of Combustible Dust in
Accordance with the National Electrical Code (Report NMAB 353-3). This
document combines the material presented in these earlier reports and revises
it to account for changes in the NEe that were made in 1981 and that reflect
some of the recommendations of the committee. Thus, this report supersedes
Reports NMAB 353-2 and ~MAB 353-3.

The work of the committee relative to gases and vapors resulted in two
reports: Matrix of Combustion-Relevant Properties and Classifications of
Gases, Vapors, and Selected Solids (Report NMAB 353-1) was published in 1979
and classified certain chemicals based on physical and flammability data.
Classification of Gases, Liquids, and Volatile Solids Relative to
Explosion-proof Electrical Equipment (Report NMAB 353-5) was published in
1982 and classifies additional chemical compounds. In addition, the
committee is preparing another report, Rationale for Classification of
combustible Gases, Vapors, and Dusts with Reference to the National
Electrical Code, (Report NMAB 353-6) which reviews the classification
procedures for gases and vapors and for dusts and recommends changes to
improve the procedures.
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The chairman of the committee expresses his sincere thanks to all those
participating in the study as well as to Stanley M. Barkin of the National
Materials Advisory Board who provided staff support. Special thanks are
given to Ernest C. Magison who prepared the first draft of this report and
to Leland J. Hall and Peter J. schram, respective chairmen of the Panel on
Classification of Combustible Dust and the Panel on Dust Test Equipment.

Homer W. Carhart, Chairman

* The National Materials Advisory Board is a unit of the Commission on
Engineering and Technical Systems of the National Research Council. Its
general purpose is the advancement of materials science and engineering in
the national interest. It fulfills that purpose by prOViding advice and
assistance to government agencies and private organizations on matters of
materials science and technology affecting the national interest, by
focusing attention on the materials aspects of problems and opportunities,
and by making appropriate recommendations for the solution of such problems
and the exploitation of the opportunities.

**The chemicals and materials to be classified originally included those
subject to an earlier NRC study for the u.S. Coast Guard and those listed by
OSHA in the ~ederal Register on June 27, 1974 (pp. 23541-3). The list
subsequently was expanded (with additional support from the National
Institute for Occupational Safety and Health) to include the gases and
vapors listed in Fire Hazard Properties of Flammable Liquids, Gases,
Volatile Solids, Manual 325M issued by the National Fire Protection
Association (NFPA) in 1977. The dusts to be classified were those listed in
1976 in the N'l:'PA's Fire Protection Handbook (pp. 3-107 to 3-114).
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Cnapter 1

SUMMARY OF RECOMMENDATIONS

The present method of grouping combustible dusts (i.e., the 1981 NEC
500) is based solely on electrical resistivity. In addition, the present
NEe limits the maximum surface temperature that should be obtained with the
equipment used for a particular group (see Chapter 2). This maximum
temperature is related to dust-layer ignition temperatures, values that are
not well known generally. Therefore, the committee, based on its study and
the work of its panels, recommends that:

1. Dusts having an ignition sensitivity less than 0.2 (i.e., a low
probability of ignition) and an explosion severity less than 0.5 (i.e., a
low consequence) should be considered as constituting only a weak explosion
hazard, and electrical equipment suitable for Class II locations should not
be required for these dust atmospheres.

2. Dusts with an ignition sensitivity equal to or greater than 0.2 or
an explosion severity equal to or greater than 0.5 should be classified
solely on the basis of resistivity into two arbitrary groups, E and G.

3. The specification of maximum permitted surface temperatures, such
as is presently done in the National Electrical Code, should be continued.
However, to provide for safe use of electrical apparatus in the presence of
dusts with layer ignition temperatures lower than these maximum permitted
temperatures, the maximum surface temperature of electrical equipment should
be required to be lower than the layer ignition temperature by a fixed
differential (e.g., 250 C).

4. The test procedures for measuring resistivity and layer ignition
temperature should be those described in this document.

5. There is a need for consistency in dealing with the hazard of hot
surfaces, and those responsible for safety in locations made hazardous by
the presence of combustible dusts should apply the same limitations on
maximum surface temperature to all equipment, not only electrical equipment.

6. Analytical and experimental research should be undertaken to
develop and validate a predictive model that can be used as a basis for
classifying the ignition and explosion hazards of a dust in the workplace
based on its properties and conditions. Such research also could lead to
development of more adequate testing techniques and could suggest new
methods for preventing and controlling dust explosions. (A potential
approach is described in NMAB 353-6.)
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7. A laboratory should be established to evaluate the explosion hazard
of dusts in the workp1ace.* This laboratory should be capable of testing
and evaluating 150 to 200 samples each year using the current standard
procedures. The laboratory also should perform comparative testing (i.e.,
use various experimental techniques) and should determine properties of
dusts, as needed. Further, it should be active in some of the research
activities recommended in item 6 above and should act as a clearinghouse for
domestic and foreign testing and research results in support of affected
industries and regulatory bodies.

*The u.s. Bureau of Min~s' Dust Explosion~ Research Laboratory closed
operations in this field in the late 1960s.



Chapter 2

RATIONALE FOR CLASSIFICATION OF COMBUSTIBLE DUSTS

INTRODUCTION

Dust explosions have plagued humanity for a great many years. Indeed,
the first well-documented case occurred in a flour mill in Italy in 1785
(Palmer 1973). Since that time, dust explosions also have occurred
persistently in a wide variety of other industries (e.g., agriculture,
mining, chemicals, and plastics). The possibility of such explosions often
is unrecognized because a material may present little or no explosion hazard
in bulk form and becomes extremely hazardous only when in the form of a
dispersible dust.

Until the 1981 edition was published, the National Electrical Code (NEC)
classified dusts in three general categories: agricultural, carbonaceous,
and metallic. Selection and installation rules for electrical equipment
recognized that the hazards posed by electrically conductive dusts and
electrically nonconductive dusts were different, but it was not until the
1981 edition was published that the NEC quantified the boundary values of
electrical resistivity for Groups E, F, and G dusts and explicitly stated a
value of resistivity below which a dust must be considered electrically
conductive. These 1981 amendments to the NEe resulted, at least in part,
from the earlier work of this committee and particularly its Panel on
Classification of Combustible Dusts.

The work of the Panel on Classification of Combustible Dusts was
initiated after the Occupational Safety and Health Administration (OSHA)
requested that this committee classify a submitted list of several hundred
gases, vapors, and dusts in accordance with the groups presented in Article
500 of the NEC. In work previously conducted for the U.S. Coast Guard by
the NRC Committee on Hazardous Materials (1970, 1971, 1973, 1974), a method
to classify flammable gases and vapors had been established, and this method
was used by the committee to prepare a matrix of combustion-relevant
properties and classifications of gases, vapors, and selected solids
(Committee on Evaluation of Industrial Hazards 1979). However, neither the
NEC nor other standards give a rationale for classifying combustible dusts
in Class II, Groups E, F and G as defined in NEC Article 500. Although many
test methods for determining parameters of dusts that are relevant to
classification were known, none were generally accepted and recognized by
common use. Accordingly, the committee established the Panel on Dust Test
Equipment to recommend needed test methods.

3
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PREMISES FOR CLASSIFYING DUSTS INTO GROUPS E, F, AND G

The committee considered the following four premises prior to
classifying dusts into Groups E, F, and G:

1. The classification method must be closely related to the standards
for selection and installation of electrical apparatus in Class II locations
mandated by the NEe.

2. The classification method need not encompass the classification of
dusts with such inherently high fire or explosion potential that the
incremental hazard caused by the presence of electrical apparatus is
insignificant. Such dusts require special consideration and handling beyond
the scope of the NEe.

3. The classification method should permit classification of any
unclassified dust based on easily determined parameters but also must allow,
if available data permit, the identification of dusts that are a fire hazard
but not a serious explosion hazard. Such dusts need not be classified
according to the NEC guidelines.

4. The classification method must permit classification of plastic and
chemical dusts as well as agricultural, carbonaceous, and metallic dusts.

CONSEQUENCES OF THESE PREMISES

Premise 1

NEe selection and installation requirements for Class II locations
specify use of dust-ignition-proof enclosures or dust-tight enclosures,
depending on the type of equipment enclosed and the relative hazard of the
location. In addition, the NEC specifies maximum surface temperatures for
electrical apparatus. Underlying these rules is the assumption that the
tight enclosures will prevent dust from entering so that arcs, sparks, or
hot surfaces inside the enclosure cannot ignite the dust, and the external
surfaces. of the apparatus will not reach a temperature sufficiently high to
ignite a dust cloud or a layer of dust which may accumulate.

The use of an enclosure to prevent ignition permits a dust to be
classified using only the resistivity limits specified by the NEe. Ignition
energy, explosive limits, and other combustion parameters need not be known.

As explained below, the requirement that the surface temperature of

apparatus be low enough not to ignite a layer of dust deposited on the
apparatus demands a knowledge of the layer ignition temperature of the
dust. This parameter is used in selecting apparatus for safe use, not for
classifying a dust according to the NEC guidelines.
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Premise 2

The objective of the NEC is to provide guidance concerning the
selection and installation of electrical equipment to minimize danger from
electrical shock, fire, and explosion resulting from the use of electrical
equipment. Stated differently, the goal is to ensure that the risk of
shock, fire, or explosion is not significantly greater when electrical
apparatus is used than it would be if there were no electrical equipment
present.

Given this objective, it is not meaningful to classify materials that
inherently pose a high fire and explosion hazard because the incremental
risk resulting from the presence of electrical apparatus is low. Pyrophoric
materials, strong oxidizers, and explosives that demand special precautions
in use and handling need not be classified.

Premise 3

As explained above, a combustible dust can be classified in Group E, F,
or G if only the resistivity of the dust is known. The test for determining
resistivity is simple, easy to use, and accurate enough for safe classifica­
tion. However, some dusts (e.g., cereal grass, cotton linters and some
plastics dusts) can be fire hazards but are only weak explosion hazards
because they are relatively difficult to ignite and, if ignited, produce
relatively weak explosions. The classification of these dusts based on
resistivity alone would impose economic penalties on the user of electrical
apparatus (i.e., the user would have to select and install special
electrical apparatus despite the fact that, in practice, the hazard level is
so low that general-purpose apparatus could be used safely). Therefore, the
method of classifying dusts based on pertinent combustion parameters permits
the identification of low hazard potential dusts, so that they need not be
classified. Classification of a low hazard potential dust is always safe,
but may be uneconomic.

The apparatus for use in determining the parameters needed to evaluate
the severity of hazard is much more expensive to construct than that
required for the resistivity test and the test methods require much greater
skill than that required for the resistivity test. Also the parameters
needed to evaluate the severity of hazard are much more controversial.

Premise 4

The NEe requirement that the surface temperature of electrical apparatus
be limited to prevent ignition of deposited layers of dust, or dust clouds,
presently is implemented by imposing maximum surface temperature limits on
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electrical apparatus, depending on the type of apparatus and the group
classification of the dust. If NEe rules are to be applied to dusts other
than metallic, carbonaceous, and agricultural dusts, a provision must be
made for dusts that might ignite in cloud or layer form at a temperature
lower than the maximum surface temperatures presently stipulated in the NEC.

A review of published data (Dorsett and Nagy 1968, Jacobson et al. 1961,
1962, and 1964, Nagy et al. 1965 and 1968) indicated that, with some
exceptions (approximately 50 out of 1500), the temperature of a heated
surface required to cause ignition was always lower for a layer of dust on
the surface than it was for a dust cloud in a heated chamber. In those
cases in which the cloud ignition temperature was lower than the layer
ignition temperature, it was apparent that either:

1. There was a change in state of the dust from a solid to a gas (a
typical example would be asphalt),

2. The material in the cloud ignition temperature test was somewhat
different from that in the layer ignition temperature test because of
oxidation of each particle (an example would be atomized aluminum), or

3. The difference in temperature was within the test tolerance and, as
such, is probably not significant.

The committee reasoned that dust cloud ignition temperatures need not be
considered in the basic classification scheme because of the small number of
dusts having cloud ignition temperatures lower than their layer ignition
temperatures. (See Appendix 0 for a list of dusts that have been found,
under test conditions, to have cloud ignition temperatures lower than the
layer ignition temperatures.) Although the cloud ignition temperature is
required to determine ignition sensitivity, it need not be considered in
characterizing a combustible dust once the decision has been made that the
dust is combustible and therefore needs classification. The layer ignition
temperature is defined to include not only observation of ignition but also
any observable change in physical state during the test.

Because the layer ignition temperature may be lower than the maximum
surface temperature now permitted by the NEe, the committee recommends that,
for safe selection of equipment for use in the presence of such dusts, the
maximum surface temperature should be required to be lower than the layer
ignition temperature by a fixed differential (e.g., 2SoC).

Although dust characteristics such as particle size and shape, thermal
insulating properties, abrasiveness, previous history (of metallic dusts),
and moisture content may affect explosion parameters significantly in
laboratory tests, these effects are not judged to be significant enough to
change the classification of a dust. Particle size and shape are known to
affect the critical properties of dust, but the availability of a relatively
simple and specific test method to determine resistivity and layer ignition
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temperature permits the specific dust available in the area under considera­
tion to be evaluated should there be any question as to the group classifica­
tion.

The thermal insulating properties of a dust will have some effect on the
surface temperature of the electrical equipment on which it collects,
particularly equipment that generates considerable heat such as lighting
fixtures and motors, however, this effect is judged to be relatively minor
for most combustible dusts. The abrasiveness of a dust is not pertinent to
its classification. An abrasive dust speeds wear of moving parts (e.g.,
motor bearings) and allows dust to enter the equipment; therefore, abrasive­
ness is a parameter to be considered in equipment design, inspection, and
maintenance, not a parameter related directly to explosion properties of the
dust.

The previous history of a dust, particularly metal dusts, is judged to
be a critical factor with respect to electrical resistivity. The committee
felt that for such highly conductive dusts the electrical resistivity of the
solid from which the dust is formed generally should be considered to be the
electrical resistivity of the dust itself.*

Although moisture content is known to have an effect on the ignition
properties of dust, the major effect appears to be to accelerate spontaneous
ignition of non-metallic dusts when the dust is in deep layers. The effect
of moisture content on ignition properties was judged to be of only minor
significance with respect to ignition by the heated surface of electrical
equipment because the heat of the surface would drive off the moisture.

*In special situations, the method recommended in this report can be used if
the samples tested are representative of those actually present in the
workplace. That samples are representative is, of course, subject to
agreement by the responsible code-enforcing authority. The resistivity also
must be measured under conditions comparable to those to which the dust is
present in practice. The test for resistivity must be conducted at the high
voltage to whi~h the dust may be exposed to ensure that high resistivity
surface coatings do not break down when subjected to a voltage gradie~t in
equipment that is higher than that used during measurement.
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Chapter 3

DUST CLASSIFICATION METHODS

CLASSIFYING USING THE 1981 NEe RESISTIVITY GUIDELINES

Dust is classified into Group E, F, or G according to the 1981 NEC
resistivity guidelines by using the decision tree approach shown in Figure
3-1.

It is first determined whether a specific material is an oxidizer, an
explosive, or a pyrophoric material; a noncombustible material; or a
combustible material. If the dust is an oxidizer, explosive, or pyrophoric
material, it may require safeguards beyond those required for atmospheres in
which equipment designed for use in Class II locations as defined in the NEe
can be used and the electrical equipment should not be utilized without
further testing or evaluation. If the dust is noncombustible,
classification need not proceed further since electrical equipment suitable
for Class II locations is not required.

If the dust is combustible, the next step is to consider whether the
data needed to determine ignition sensitivity and/or explosion severity (see
Appendix A for definitions) are available. If ignition sensitivity data
and/or explosion severity data are not available, the dust can be assigned a
group classification based on resistivity data. The classification will err
on the side of safety because the dust may not present an explosion hazard
requiring Class II equipment.

It is not always necessary to test a dust to determine resistivity in
order to classify it. Resistivity can be estimated for purposes of
classification except in doubtful cases. Metal dusts should be presumed to
be Group E unless tests have been conducted. Plastic and chemical dusts and
agricultural dusts can usually be classified as Group G because of their
similarity to other dusts that have been classified. If it is desirable to
assess the relative hazard of the dust, the data required to determine
ignition sensitivity and explosion severity should be acquired.

A dust that has an ignition sensitivity less than 0.2 and an explosion
severity less than 0.5 poses a weak explosion hazard and does not require
Class II electrical equipment. Any dust having an ignition sensitivity
equal to or greater than 0.• 2 or an explosion severity equal to or greater
than 0.5 requires electrical equipment suitable for Class II hazardous
locations.

9
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or

Ignition sensitivity and
explosion severity unknown

Dust

I I •
Oxidizers, explosives, Noncombustible Combustible

ood py'OOho," m.te".I, ~

I I
Insufficient information: * Ignition sensitivity <0.2 Ignition sensitivity ~0.2

and explosion severity <0.5. or explosion severity ;;;>0.5.
Weak explosion hazard (does Appreciable explosion hazard
not require electrical equip- (requires electrical equip-
ment suitable for Class II ment suitable for Class II
locations). locations).

Explosion severity <0.5 and
ignition sensitivity unknown

or

Ignition sensitivity <0.2 and
explosion severity unknown

~

o

Conductive
Resistivity or;;; 102 ohm-em

Group E

Semiconductive
102 < Resistivity or;;; 108

Group F

Nonconductive
Resistivity> 108 ohm-em

Group G

*Treat as if ignition sensitivity were ~0.2 or explosion severity were ~0.5 and base group
classification on resistivity or on best judgment.

FIGURE 3-1 Classification of dusts (using the 1981 NEe resistivity guidelines).
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Test procedures for quantifying ignition sensitivity and explosion
severity are described in Appendix A, and were used to derive the values
presented in Table 4-1. It is recognized, however, that any change in test
equipment may affect the numerical values for explosion severity or ignition
sensitivity (e.g., in a chamber larger than that of the Hartmann apparatus,
the va~ues of the maximum pressure and the rate of pressure rise may be
different).

Ignition sensitivity and explosion severity are not fundamental
combustion parameters of a combustible dust but are apparatus dependent
values. If, in the future, standard test methods different from those
discussed in Appendix A are adopted for use, the values of ignition
sensitivity and explosion severity used in classifying dusts must be
re-estab1ished. It should be emphasized that the values are not sacred.
What is important is that dusts from such materials as chlorinated rubber,
milled antimony, Pennsylvania anthracite, egg white, and cereal grass
(indicated in Table 4-1 by d) are not explosion hazards. The criteria in
Figure 3-1 and in Figure 3-2 have been established based on experience with
such dusts, and if new test methods yield different values, the criteria
must be changed accordingly.

PROPOSED NEW CLASSIFICATION OF DUSTS

The committee proposes that future classifications be made as outlined
in Figure 3-2. This proposal separates dusts into two rather than three
groups. Group F is considered unnecessary and undesirable in the proposed
new classification scheme. It now includes dusts with electrical
resistivities both greater and less than the dividing line between
conductive and nonconductive combustible dusts, and electrical equipment
selected and installed according to the 1981 NEC is essentially the same for
atmospheres containing Group E and electrically conductive Group F dusts.
Therefore, under the proposed scheme, Group F is eliminated and equipment
selection is restricted to Group E and Group G dusts.

The committee believes, however, that equipment operated at over 600 V
may present a problem if electrically semiconductive dust is present on
uninsu1ated live parts. It therefore recommends that if Group F is
eliminated in some future edition of the NEC, consideration be given to
requiring:

1. That equipment containing uninsu1ated live metal parts operating at
greater than 600 V comply with the requirements for equipment for use in
Division 1 locations and

2. That plugs and receptacles connected to circuits rated over 600 V
be considered unacceptable where conductive dusts are present.



or

Ignition sensitivity and
explosion severity unknown

Dust

» I .
Oxidizers, explosives, Noncombustible Combustible

,nd .,'0""0';0 m,w;,I, ~

I I
Insufficient information:" Ignition sensitivity <0.2 Ignition sensitivity ~0.2

and explosion severity <0.5. or explosion severity ~0.5.

Weak explosion hazard (does Appreciable explosion hazard
not require electrical equip- (requires electrical equip-
ment suitable for Class" ment suitable for Class"
locations). locations).

Explosion severity <0.5 and
ignition sensitivity unknown

or

Ignition sensitivity <0.2 and
explosion severity unknown

I-'
N

Conductive
Resistivity < lOS ohm-em

Group E

"Treat as if ignition sensitivity were ~0.2 or explosion severity were ~0.5 and base group
classification on resistivity or on best judgment.

FIGURE 3-2 Proposed new scheme for classification of dusts.

Noneonductive
Resistivitv ~ 1OS ohm-em

Group G
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This recommendation is based on reports to the committee indicating that
plugs and receptacles in mines have short-circuited when operating in excess
of 600 v.

Because dust settles and forms layers on operating equipment, the
present NEC states that the maximum surface temperatures under actual
operating conditions should not exceed those shown in Table 3-1. The
committee proposes that a different approach be considered.

TABLE 3-1 Maximum Surface Temperatures

Equipment (e.g., Motors or Power
Transformers) Subject to
Overloading

Equipment Not
Subject to Overloading
0c of

Class II
Group

E

F

G

200

200

165

392

392

329

Normal Abnormal
Operation Operation
°c of °c of

200 392 200 392

150 302 200 392

120 248 165 329

The method employed to measure dust layer ignition temperature parallels
what happens to dust that has settled on electrical equipment that generates
heat. It is realized that surface temperature and ignition temperature
depend on layer thickness and dust compactness; therefore, the committee
recommends that the maximum surface temperature of the electrical equipment
be lower than the specified dust layer ignition temperature by some
differential value (e.g., 250 C).* The committee believes that such a
safety factor is appropriate and will give the user some flexibility in
judgment. Furthermore, the committee recommends that the NEe continue to
specify an independent upper limit, based on experience, for the surface
temperature of the electrical equipment.

*Field experience or other special conditions may dictate use of another
differential value in some specific cases.
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TEST APPARATUS

Based on the rationale given in Chapter 2 of this report, only data for
layer ignition temperature and resistivity are essential for the
classification of a combustible dust. The Panel on Dust Test Equipment
reviewed the methods presently used to determine the layer ignition
temperature and the electrical resistivity of dusts. Based on the panel's
findings, the committee recommends use of:

1. A modified version of the proposed International Electrochemical
Commission hot plate method to determine the layer ignition temperature, and

2. A modified version of the method presented in the Instrument
Society of America's Area Classification in Hazardous Dust Locations,
ISA-S12.10-1973, to determine electrical resistivity.

These recommended methods and the panel's rationale are described in detail
in Appendixes Band C.

The panel initially considered methods of testing for thermal and
oxidative stability as well as layer ignition temperature and electrical
resistivity. A review of the literature disclosed several different
techniques for the determination of long-term stability, including
thermogravimetric analysis, an active oxygen method, a modified ASTM oxygen
bomb method, differential scanning calorimetry, and pressure differential
scanning calorimetry. It appeared, however, that no single standardized
analysis technique was suitable for all types of material and that no such
technique could be established. The panel, therefore, decided that the
method recommended for determining the ignition temperature of a dust layer
would provide sufficient information on short-term thermal and oxidative
stability and that no technique should be recommended at this time for
determining long-term thermal and oxidative stability.

TESTING AND RESEARCH

The U.S. Bureau of Mines' Dust Explosions Research Laboratory closed
operations in the late 1960s and there now is no laboratory available to
conduct routine determinations of the combustion parameters of dusts. Such
a laboratory is needed to evaluate the explosion hazard of dusts found in
the workplace using currently recognized testing methods. This laboratory
also could carry out research needed to specify more adequate testing
techniques and to develop methods of classifying dusts in accordance with
the severity of explosion hazard based on the properties and physical
condition of the dust.

This laboratory also could act as a clearinghouse for other domestic and
overseas research and testing results in support of affected industries and
regulatory bodies.



Chapter 4

CLASSIFICATION OF VARIOUS DUSTS

OSHA requested that the committee classify dusts according to the NEe.
The materials considered are listed in Table 4-1, which was taken from Table
3-8A of the NFPA's Fire Protection Handbook, 14th edition. The next to last
column of Table 4-1 lists the classifications of these materials according
to the 1981 edition of the NEC. The methodology used in classifying the
dusts is described in Chapter 3 of this report. The last column of Table
4-1 lists classifications according to the recommended scheme described in
Chapter 3 and illustrated in Figure 3-2.

It is recognized that the materials tabulated in Table 4-1 do not
include all of the potentially hazardous dusts that might be found in
industry, particularly in the future. The choice of compounds listed was
based on the availability of data.

15
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TABLE 4-1 Classification of Dusts by National Electrical Codea .

Mall.. Rate 18nlllon Min
~a~. 01 Temperalun= Cloud Min NEC

Ignition bpi,," bplouon Pressurr (sniuon i:Jl.plosion Clanificallon
Sen!l- 'Ion Preuureb R,..h Cloud Layer Enern Concentration

Type 01 DU<l t.'t'lly Se't'elllY Cp'l8) (ploii') ("Cl ('Cl 111 lozfl.u fl) 1981 Recommended

I -"rll.:ullur"IDu.. u
Alh.lta meal 01 J.2 t 66 1.100 460 200 0.32 0.100 G G
Almond ,h.U 09 11 3 12 800 440 200 008 0.065 G c.;
Apncot Pil 16 1.2 94 2.500 440 230 008 O.oJS G c.;
CeUulose 1.0 28 119 4.500 480 270 0080 0.055 G G
r.Uulo... alpha 21 44 106 8.000 410 300 0.040 0.045 G G
Cellulose. nock. IinC' tOut L.S J 8 103 7,000 420 260 0035 0.055 G G
Cereal pat.ll <0 I III 52 500 HO 220 080 0.20 G a
Cherry Pit 2.0 2.2 104 4.000 430 220 008 O.OJ G G
Cinnamon 2.5 2.3 114 3.900 440 230 003 0.06 G G
Citrus pttl 1.1 0.9' 5 I 1.200 490 270 006 006 G G
roca bean shell 36 38' 69 3,300 470 370 0.03 0.04 G G
r <JCOiil. nalurdl. 19''1; fJI (15 II' 53 1.200 510 240 o 10 oms G G
CoJl.:onu! ~hell 20 ~ I 97 4.200 470 2~0 006 o OJS G G
Corlee raw be-an III 01' JJ ISO 6sn ~80 032 n \ 5 G d

Coftcoc lull~ ro,J,!!!"," 1)2 :11 1 38 I sn 720 210 o 16 0085 G G
c.,~ree Inlilar.t \pra~·dn('d III 44 500 410 350

,
028 G d

C0rn 23 30 95 6.000 400 ~SO 004 0055 G c.;
[nrn",ob ii!rlt 2. ~ I 8 110 3.I'lO 450 240 0.045 0045 G G
Corn dC'\lrlnt:. purl' 3 J 39 105 7.000 400 my 0.04 004 G G
('o·n,tarlh. I"ommt:rclal PrudUlt 29 40 108 7.000 380 JJot 004 0045 G G
C:J~n~~drlh .Ih~u \Ill ) ~5 \I~~e) 4 ) 54 115 9.000 390 3501 0.03 0.04 c.; G
Cork du ... , 1 b ) 3 q6 7.500 460 210 O.oJS 0035 G G
(ollon Itnter. r:t\lr «.1 "0 I 48 I SO 520 I 92 a so (, J

(nllun\.Ct:d n't:dl 14 I ~ It 14 2200 410 200 006 005 (; G
Cube ·u\)1. S\IUlh ..\n1t'rllJn ~ , ~ ~' 69 2.100 470 230 0.04 004 G G
t-~ .... hl(t' ·'111 o Z 58 ~OO blO II 64 a 14 c.; d

I Idll. ...hl\l: ,, 7 ,11 RI ~OO 430 23tJ (108 008 G c.;
(;3rllc. den}drOllt:d II ~ I ~f 5 , l.Jon 31>0 n 24 0.10 G G
(Jram du,1, ..... lnlt'r .... hl'JI

corn.oJI,
~ " 3.1 115 ~.<OO 4 )0 230 003 'J.055 <.., c.;

Lr:J ...... 'c.'t"d hlut' "I :11 1 24 2110 490 180 o 2ti 0.29 G J

GU3r "'l:t:J 17 I ~, "!'11 I :00 5tU1 II 06 IJ.114 (; (;

Gum ..Hdbll 1.1 ' I b' 6~ 1.~IlO 500 260 010 006 G G
LurT'. k..HJ\ J II 2 1<' RO 1.It'O 52(1 240 o 18 n 10 G c.;
Lum. \brlllJ lu·,'..dl h: ~ III 61 2.8110 300 1901 1103 003 G c.;
(,UIn. IrJllJldnlh ~ J ll]t " 2.41111 ~90 ~bO l' 045 ,) 04 c.; (;
Hl'mp hLl.-l,j ; 1 ) ~ III) 111.1100 440 ~2n o IJJ5 0.04 (; (;
L) ":1'(ltlOIUIIi ~. ~ )?l :'5 1 Ion 48U 3 I0 004 0025 c.; c.;
~:tlt ~ ... rll'\ :h ~ I u: '" 4110 411fl ~50 0035 0.055 G G
.\tllk. ,klmml,,'d I b " 4 HI ~., 01] 49U ~f)O (105 0.05 G l;
\to ...... , IrISh ....:111 11 .iOt) 41i11 230 r ~ G d

Onion. deh\drJICd <II It 18 100 41 n 013 G J

Pea I10ur I oS ~ It bR 1.9011 560 260 004 005 G c.;
Peal'h-plI ... hell II ~ J q8 4.400 440 ~ \0 005 003 G c.;
Peanu' hull I 9 2 U ~2 4.7011 460 210 1105 0.045 G c.;
Peal. ...pha~num ...un-drl~d 1.9 ~ 0 8' 4400 460 240 005 0045 G c.;
Pecan-nul shell 3 I 24 106 4.400 440 210 005 003 G <..,
Pectin (110m !lround dried

dpple puJpl \.9 4 7 112 8.000 41 U ~OO 0.035 00'5 G G
POlato slarch. de-.trmated 4 I 4 I 41 8.000 440 0.025 0045 G (;

Pyrc~hrum.~round :lo ..... er
Ica'of"i OS 06 82 1.500 460 210 008 0.10 c.; G

Rau ... olraa ~omllOrla roo I 1.9 4.2 1'16 7,500 420 230 0.045 0.055 G G
RICt' 1.8 1.3 93 2.tion 440 220 005 005 c.; G
Rice bran II 13' 6\ 1.lllO 490 ,j fl8 'J.045 (; c.;
Rice hull I.b I 7 90 3.600 450 22U 0.05 oaSS c.; c.;
Saillo ....er meal J.2 13 84 2.900 460 210 l) 025 0055 G c.;
Soy nour O.b II' 79 81111 540 19U o 10 Q 06 G c.;
SO) prolem 22 J) 96 6.50(1 520 260 0.05 iI.035 c.; c.;
Sucro~ .... ht:mlcdUy pur~ 11 29' 11 2.500 420 4701 'J 10 0045 G c.;
Sucrolir 4 I I.!l' b6 1.8UO 350 4601 0.04 0.035 G G
Su~ar. po....d.:r~d 4.0 2.4 91 5.000 370 4001' O.OJ 0.045 G c.;
Ted IMlan .. spray-dllt:d <0 I 30 250 580 340 r ~ G d

1 ",b"'lO 'Iem <0.1 7 200 420 230 ~ c.; d

Ti.1n!l k~rnch. oll·lree 02 2 3" 14 1.900 540 240 0.24 007 c.; (;

"'-dlnul ,hcU. blJl k 3 a 1.7 97 3.300 450 220 0.05 003 G (;

Vtheat. untreated 10 1.9 103 3.600 500 l20 006 0065 G G
'ltneat !lour 2 1 1.8 95 3.700 380 360 0.05 0.05 G G
\lineal ~uten. ([um 1.0 5Z0 008 0.05 G Gth
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TABLE 4-1 Classification of Dusts by National Electrical Code (cont'd)

\t<l\. RJlf' Ignlllon ~ln

Mol' ul TemperJlurl! ( luud Min. ~E[

Ignition hplo· I:.k.ploslon Pres~u:e I¥nllinn E... ploslon Clas!lficitlon

Sensl- !ilIon Pressure'" RISt'h ('I,)ud Layer- fnel~lr (uncentrauon
Type of Dust ll\olt) Sevent)' IpSl~' (p'i.lisl !"C, ('(', IJI (oz/eu fl) 1981 Recommended

Vr'heat 'rlrch. edible 4.1 14 100 b.SOn 4 ~tI () 1125 0.045 G G
\\-'heat ~larch. aU)'1 chloride

treated 85 1 1 98 •.5UII l~" U 1125 0025 G G
"'heal sua .... 16 1 I 99 6.00U 47n 120 o 1!511 0.055 G G
","ood. bllCh bark.. ground 1 7 1 6 98 1.500 451' 250 0060 0.020 G G
""ood nou!. while pLne 3 I 12 110 5.50c 471, 2t.O o(14() U.035 t, e
Yea~l. lorula 16 I 4 105 2.500 520 2b0 0.<150 U 050 e e

2 C.1~bona~eous DlJ,5ts

Charcoal. haJd ....·ood mLx.lure 1.4 09 100 1.800 510 18U o.o~n 0140 G
Charcoal. aCtl\iiled. from

lJgnllc 59U 170 2000' Gth

Ca.rbon, acuvated from
petroleum aCid sluds:e 760 490 ,. Gt"

Gllsonlte. L lah 6.9 I 5 '8 ).700 580 500 0025 01120 r· J G
Pitch. coal tar 4 0 2 8 88 6.000 '10 0.020 0015 r G
AsphaJt. blown petroleum

resin 28 ~ 2 85 5.000 ~ 10 550 0040 0015 ~ G
Pilch. pelroleum 28 1.4 71 1.800 6)0 0025 o LJ45 ~ G
Lampblack 730 520 I· Gt"

Carbon bla~k. acelylene k 900 F Gt"
Carbon. petroleum coke and

pitch electrodes 87tl Gt h

Coal. KenlU~'k) IbuLlmlnous) 2.2 I 8 88 4.000 bOO 180 0.0111 0.050 G
Coal, Penn!l)'IVinia. PltI~burgh

(I:. "li;pcnmenlal mine I..uall I 0 1 0 8) 2,)00 610 170 II ObO n U55 (,

(oal. Penns} 1... 3nla (anthracite, 730 400
,

~ d

Coke. petroleul":'1 6ill 200 1.000' Gth

(jraphlte k
~8lJ t,t~

Ll(I;nlte CalifornIa 5 7 )8 9(l 8.l1l)tl , 'til 161! (I O~(I 0010 G

1 Chen",lca!s
A,e tOice tarulll:le 76 1.9 89 4.IOil 4411 lJ 112(1 !I.l'10 G G

Al'etoice I'CHOlu Idade
(2·melh~ lacetoacel4mbde) '111\ G Gt h

Ace :oa:::cl-p-phenelldlde 1~ >49 78 ':> 10011(; '{-II. U l'lO II 03 1) G G

AdlPlC aCid I' II 7b 2,711(1 ""I' II Libll o l)~5 G (,

AnthranllJc aCid 3.3 I b 77 3.9t)(i 5 loti' (loJ5 II il~(\ G l,

"'r)'1 rlllrmo meth)'! amide 5 ~ 1 1 90 7,orlll ~911 II III ~ n "5r' G l.

Azelaic al"ld ~ 3 1.2 to' 3.5(HI tdl) n 1125 ' "25 t; t,

22 -Azoblq'iobwtjrunllrlll..' 1~ ~ 4 1 I U2 8.1 1',)1' 4111 l~ .1: II II ~ ~ 11111" (. (,

BenzOl.: aCid 5 4 2 ~ '4 5.5l10 t ~II \1cll\ f I I I~ (~ L' :1'11 (, t.
Benzolrlazole 5 I 13 82 '1 ,bUll 4411 'I IJ ~ (\ 'IL·.;\' (, (,

Blsphenol A II 8 2 ~ 7J b.50LI ,"7" on I ~ l' U211 l, t,

o.('hloroacetoact"tan iJldt.' 10 I 8 88 ).~OU 6411 o l1~O 0035 l; t,

p-Chlo roace Ioace [anilide 4.4 ~ 4 85 5.500 65:1 8.02(1 0.015 G G
Deh)'droacetK aCid 10.4 14 8~ 8 'JOe 4 If· I! IllS 0010 G G
D.allyl phthalal< i (I " 79 b.SoO 401' U U~U 0030 t, G
Dlcumyl pero"li;lde liuspended

on CaCO, 140-60' , - 25 74 • .5l1l' 5M.! 180 o lI'(1 0045 G G. ,
Dlc)c1open:adlene dlo~lde 107 18 85 8.5uO 42(' 00)0 0015 G G
Dimethyl uophthaJa1e 91 29 79 7,000 5811 II 01 ~ O.02S G G
Dlmelh)IICrephthalalc 5 9 58 92 12.000 S'lo 0020 0010 G G
J.5"DlnllTobcnzoll.. dl..ld 1 9 2.1 92 4,)011 460 o LJ45 0.050 G G
Dlnllrololuamlde O,5-dlnllro

ortho toluamlde) 54 >~ 6 106 > 111.000 SOLI 0015 0.050 G G
Dlphen) t 10 ' 16 82 1.700 6)0 0.020 0.015 G G
DJfenlar~' but) I polra crl::'ol 10 ' 3.9 82 9.01111 470 0.020 0020 G G
E.lh~1 hydro,yethyl,,'ellulose 06 07 84 1.51 10 J9l1 0.010 0020 G G
I umarlC al"ld Ll 1 2 79 2.900 520 O.oJ5 0.085 G G
lIeumt.'lh) lene leUamlnt.' 32.7 56 98 11.000 410 0010 0015 G G
H)dro\)elh)'1 cellulose 4 9 I 4 106 2.600 410 0040 0.025 G G
IsatolC anh~dIld~ 1 ) 20 80 4 700 700 o O~S 0.015 Co G
dl·MeLhlOnlnt.' 6 2 1.5 92 1.100 )'0 16U o nJ5 0.025 G G
NllrOs.oamlne 5 0 65 125 I ~ -,~ 2'10 0060 0.025 Co G
Pard 0\) benz.. ldeh)de I' , 24 '7 6.000 )8" 430 0015 0.020 G G
Pilr;] phen) lene dlJmme (milled) 4 1 2 : 85 4.700 620 0010 0025 Co G
Para Ter[lar~ but) I benzoll.. .Jcld i. ~ 28 82 6.500 5bO lj 025 0020 G G
Penlae~!,·thmt)1 16 8 4 5 90 9.500 400 001 U 0010 G G
Phcn). beta naphth)lamlnt.' 4 , I 5 68 4.300 680 o fl25 II IJ25 G G
Phthalic anh,)dnde 11 8 Ib 72 4.20n Mil 0015 o U15 C; Co
Phlh.allmldt.' 11 I 9 79 4 5(10 610 II U5l1 o (1jO l, e
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TABLE 4-1 Classification of Dusts by National Electrical Code (cont'd)

Ma>. Rate Ignition ~hn.

Max, of Temperature Ooud Min. 1'EC
IgnHlon E.plo- Explosion Pressure Ignllion Explosion Clawfication
Sen!u" ston Pressureh Ri..b Cloyd Layer Energy Concentration

Type of Du" lIvlt)' Se\iemy IPUa) (pailsl IC) IC) lJ) (o,/cu It) 1981 Recommended

SahL'y lanlhd,,' 4.1 1.4 6\ 4.400 610 '4el." 0020 0040 G G
Sorbu: Jl:1J 14 J '·4.6 88 > 10000 470 460 0015 0020 (, G
StUriC aell:!. alum11lum 'l.alt

lalumlnum trnlearate) 33.6 15 88 7.500 400 3oaf 0.01 0.015 G G
Stearic al:ld. zinc <;"alt

(lln~ stearale) 197 34 68 9.500 510 Mel" 0.010 0020 G G
Sulfur 2U.2 I 9 78 4.700 190 220 0.015 0015 G G
TcrephthallC .:tlld 10 2 3 71 6.000 680 0.020 0.050 G G

4 Dru~.

2·AcelY lam mo-S-nltroth lazolc 07 44 91 9.000 450 45i1 0040 0.160 G G

2·Amlno-.5 ·nl trofh l.alole I ~ 2 R 94 5.600 460 4601 0.010 0.0 75 G G

o\r.pJrln lacl':) IsaIH:~ Ih.. JlldJ 24 >41 81 > 10.000 660 Mel" 0.025 0010 G G

Gulo"Onlc aCId. dlall:!One 4 8 I 8 78 4,500 420 0.040 0.025 G G

Mannllol 1 , 1.2 82 2.800 460 '1.1140 0.U65 G G

Nitrop) radom: 10 >1 R ~5 > 10.000 430 Mell!! 0015 0045 G G
I-Sorbose 10 I 9 1~ 4,100 )70 0080 0.065 G G
'lr'lIamm 8,. :-l1;lnOnllrJlt' , 7 11 99 6.000 160 0.060 0.015 G G

VitamIn (' ~,.. orbh. o.illd In 2 2 88 4.800 460 280 0.060 0070 G G

I Dye,. PI~ml'nl'. J'lJ

Int~r"c~
1.4-0Iamm\l-2. )-

dlhyLlrnJn IhfJl.ju !nl.n\.' ,911 1

l-mcl!'t) IJrllnOdnr'1rJ4L1lnunC
,10',:It\'II)I\.-' 1nOdyd I I 09 64 2.800 880 175 0060 0.015 G G

1.4·0,·p-loluldlnC'Jn thra'
1.j1.1InOne I i(l' I.

~·nJphI hJlen~·:.L' I ''"\.I line' I h)'I-
aniline' ():y" I f~n:~n I::J~\.'

harmon d)el 1,7 I.') 71 2.600 "0 171 0.050 0.010 G G
I-Me thy lil:n m0Jn Ih rJI.jU anun\.·

(red dye Intermedlal~I 09 I 2 71 1.300 810 171 0.050 0.055 G G
a·Naph Ihalcne·uo·

dlmethylanilinc 19 08 7U 2.100 110 171 0.010 0020 {j G
6, 'wteti:lh

~Iumlnum. atomized (olle\.'tor
fin..:~ \ 4 8.7 92 18.000 510 740 0.015 0.045

Aluminum. tlake, A. 422

f'"l Ire. fine hnln~. poll'ihcd , J > IU 2 97 , 20.000 ~IU 120 0010 0041 ~ ~

An lim any mLlt~d 195'/: Sb) < 111 < 01 100 420 lJO I92U 0.420 ~ d
Boron, dmorphou\.

lommt'rL'Ii:l1185"7, Bl II 7 I I 9U 2.400 4 '0 400 0060 <U 100 ~ ~
("c1dmlum, dlomlzed (98:,: Cdl 171l 210 4 00 ~- U h
Chromium, elelIlLlIYII\..

milled 19"'7, (r) 01 56 4.200 l80 400 0140 U.210 ~ ~
Cobdll. mLlled 197.87: (0) 760 J70 ~ ~+h
(opptr. ('Ie\.', rol~ II\.. T~ pe r

199.57.- CUi 900 ~ U"
Iron. hydroll.l.:n r~du\.·t'd

198" loj 07 0,4 46 1.8UU J20 290 U 08U U 120 ~ l
Iron. \.'arbLln)'1 1~9'-:' t-e) 30 il5 41 2.400 120 1 \0 o U20 [) IDS ~ l
Lead. aIOnJ 11 C'd I 99r , Pbl 710 270 ~ Et"
Md~neslum, Imlh:d, CrJde B J 0 ; 4 94 IS .000 161l 4JO U 040 Q 010 ~ ~

Manpne'k:' 04 07 48 2.liOO 450 240 0.08 o 12; l l
Nldtd ~ U h
Selenium. mlll\.·d ~ Lt h
SIIIL,.)n, milled I Qtd 511 <: 0 I I I 97 2.4UO 18U 950 U 960 U 160 ~ E
Tantalum > 0 I 01 10 L~OO 610 100 o 120 <020U ~ ~
TellUrium. C'I\.·llr\ll~ Iii..

(96~ Tel 110 140 ~ .h
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TABLE 4-1 Classification of Dusts by National Electrical Code (cont'd)

Ignition
Se'lsJ"
11\11>

F.... plC'­

~Iun

S"'''t'TlI~

~a\

I:.Xpl"'lIl,Jn
Pre~:.url.:,I;

\ p'I,!!.1

Mo3\ kdte

,,'
Prt'),ure
RI't,c'"
I p,. ,I

l~nllhJn

T~'mperJt.Jrt'

l'loud La> t'r
1<;[1 t"CI

Mm
Cloud
I~nl:lon

r nerlo!~

III

Min
l:.,ploslOn
Conl.:entrallon
(Ol/lU III

NK
C1 ... "slfI.:allon

1981 Recommended

TlwnUfTll.llOtaJn\ 1 ~.; 01
Thorium h) dndc honldm,

0.94 HI
Tm. dh,mlled t 9b ; Sn

2":· Pb)

Tllanl ... m 199o/c. Til

Tllanlum hydndlE f 95': TI

38'": HI
Tungsten, h)'d~o~en redu~ed

Uranium
U:anlum h} dllde

Vanadium 1864 \' \

Zanc, condensrd 197',,; In.
2':; Pbl

ZIC\:onlum. prepared Irorr:
t1~'dnde ((Onta111" 0 3', 01

Zl~conlum hydnde (93 6':;.)

ZT.2 17- H,

i "'!loy:. olI1d CompolJnds
Alumlnum·cobilt allOY (6~401

Alumlnum-eopper a.LIo> 150~5())

Alum11lum·lJthlum aJla>
fl5S LII

Alummum-mapleslum allo>
(Do... metall

Alummum-nll:kel aUo~ I ~ 8-4 21

Alummum-sulcan alia> t 121) SI;
Calcium SllJclde

Ferromanganeo;c. medium
carbon

I erroswcon 188": SI. 9'.( 1 e)

feIlotltillllum [19') 11. 14 II(

Fe. 0 06, ,.

8 PestIL,de~

8enzel~hlor'de
BI~ I2-h~ d TO\, -5 -chloro phc n~ 11­

methane
D,eldlln 2Q':': 150'; com·

busublt:, 30"; Inerll

2.6-DI-lenlJr)·-bu(yl-para·,,'reso]

Dllhane IZlm' elhyltncdllhlo­
carbamate)

!-erne dlmethyldnhlocarb.. ·
male ()-erbam)

ManganeK .... n(lde

I-pr-.aphlh)'\-N·meth, lear­
bamale cSe ... ml 15":
(850/. Inen)

3.4.5. 6·TOIrah) dro·3. 5·
dlmeth,I-2H-I, 3. 5­
Ihladlazlne- 2-lruor,..:.
(Crag ~o. 97415'J'
(95~ In~rl)

Q. Q -Trllhlobl~ r til N·
dunelh)'lLhloformamldc I

9 ThermoplaslIi: ReSins and
Moldu11 Compounds

Group I. Acetal Ruin~
Acetal. line.r IPolyformaldehydel

Group II AcrylJc Rcsins
PAeth)] mclhacr)latt' polymer
Methyl methalr)'late-elh,1

acr)Late copolym~'~

"'e1h1'1 mc,ha~f) Lart'''lh~]

acrylalc-slyrenc "'opol} mer
Methyl methacryLlie-styrene­

bu lidlene-a~lyJonltrlle

copoly .•er
Methacryuc aCI~ pol)'mer.

mochfled

I~ 9

3~.3

I 0

31 . ~

Do
U'

< 0 I

5U3

II

01
02

01

29
0.1
1.3
04

04
< 0 I

05

44

,3
21.3

5 2
03

18.0

8 7

34

65

15 3

14.0

9.2

84

I 0

u 8

" I

bO

!' 9
I ,

11:1

< (II

3.1

35
09

1 9

4 ,

4 I
29
50

IlJ
16

2.6

16

07

) 9

,6
I ~

16

20

1.9

III

2 7

I 7

I 4

O.b

4H

Oil

37
'II

90

5)

4)

48

15

69

78
68

96

86
79
74

i3

47
87

53

91

7l'

8,

8,

8['
77

94

8)

101

85

75

76

82

b,511{i

1:·1111

~ .~1I1(1

3.400
b.SUll

600

,UO

9.000

9.000

R,5fl(1

::',bOll

J.700

IO.lIOIl
10JI00

7.5(1)

13.00lJ

:.~OO

3.)1)0

~ .[l(lll

S.5dltl

q,llf,\l

4.lJflO

6.0UU

4.1 ()U

1.81111

b.OOI!

... AuLJ

3.400

1.500

6911

20

3~O

470

4511

8tl!

J811

.p"

SMI

Jill

2811

440

440

4~1!

480

450

1HlI

~ II

490

5411

190

570
8)(1

400

54(1

29(1

800

11l['

151'
12(1

14t)

2)U

290

11 IIII.S

t I 1I~1l'

II II~~

o1I45
() [IllS

('I lJ60

(1960

0005

1\ lUll

0111

II 14

U.UIiI'
(J fl8P
il,ObO
~ 15lJ

U.080
(1400

II U8U

I) Ubll

(J '.J~5

0280

olJlO

001(1

I. UJ5

II.UW

0.015

0010

oU20

(1020

0.100

Ii URII

U 190
(I 1i4 ~

0070
~

o Of'l\l

U ObU
I) 22Q

048

0114

iLUS5

U 18U
1110

«110

n112u
0190
0.040
0.060

0.130
0420

0.140

Ilrlll(1

II t! I ~

U U55
0070

0.020

0025

0.060

0.035

002

00)0

0.Q25

0025

0045

E

1-.•
'

~o/

(,

l,

G
G

(;

G

G

G

(0

G

G

Ii

l
E

~ 0/

1 0
/

1 0 /

G
(;

G

G

(;

G

(;

G

G

G
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TABLE 4-1 Classification of Dusts by National Electrica 1 Code (cont'd)

~a... Rale Ignition ~In.

Max. of Temperature Cloud \4ln SEC
Ignition E.plo- !:.xploslon PrleSlure Ignition E.plollon CI...llficallon
Sen"j· .Ion Prruure" R,..b Cloud Lo)", Enell) Concentrluon

Typo of I)u" (1\0 It)' Se...eJIIY (P"iJ (pili,) ("C) ("Cl (J) IOlicu fl) 1981 Recommendod

A... rY,lamlde polymer 4.1 o b ,4 1,600 410 240 O.OW 0.040 G G
Acry!onllnle polymer ~ 1 2 3 89 S,OOO SOO 460. 0,020 0.023 G G
4"l..rylonllule·"lnyl PYridine

copol)' mer 79 2.4 '7 6,000 SIO 240 oms 0.020 G G
Acrylonllnle'''ln> I (:hlande-

''In)'lJdene ,,:hh1nde
co pol) me'r (7t)-::!(}'1 0) 5 9 JI) 83 7.000 b50 110 O.OIS 0.03S G G

Group III. Cellulu'\h.. Rt:~Jn'

Cellulo~ aL:eldl~ 9 I 3.' 108 6.500 420 340 Q.OIS 0.03S G G
CeUuloK m3\.elllle ~.5 19 84 ~.3oo 430 0030 0.035 G G
Cellulo!lof deetale but)'rJh: 13 I.~ HI 3,500 370 0.030 I) 02S G G
Cellulose: rr('['llOna",:. ~l )'~

free h~ C1f\l\~ I 19 2b lOS 4,700 460 0060 u.025 G G
~ Lhyl ceUulo'IC: ~-1 O,LIm dU'1 2=- I 3 h 9~ 7.000 320 3301 0010 0.025 G G
"feln)'1 L:elluloilie 9 • 3 I 99 b.OO'l 360 340 C 020 0.030 G G
Carbo ... )' mt'lh) 1... I.:Uu[..Js.t= II) .....

VI'C()l;jIl~. () ) to () 4'~

~ub ..11·u:lOn. ;J\.ld p~\)dUli 1)5 " 114 4.500 450 290 0140 o ObO G G
Hydro.... >eth) I l.":t"llulo"oC-monll

,odium rho'phJle ..IZIn,z

\.ompound 2 I (I.8 '6 1.9llll 390 340 0035 0070 G G
Group IV Chl(lfln",led

Pol) elhe~ Re'In'"
Chlorlnd.:cd pClI)etncr Jl\.uhol 1 b 03 b6 1.000 460 0160 0045 G G

Croup \- I IUIHI''::J·O,m Re'tn ...
T elrlnU~r\)t"!h) I.. n...' plll) mel

1IT',ll'r(lmledl 610 5701 G d

\1onl:' h Inro1 rI r~U,HI)l'lh \ It· n('

r.::JI~ IIC' bOU ., 2uJ G J

Grouj:l \'1 \h I'll' I PIli) .I II llj\'I

R..."m,

N)h'lIl~\II)t'':\JMl''II~·l,.nt:'

.h':i1pallluJ(' I r,Jl~ 'Th:r " " 1 ) R9 ~ QlIn 5ufi 430 1I.0:!O Ll.O~:J G G
Cr,ll:!, VII P d\ l •.IIht.:l.I·\.' 1(\'\111,

POI)·1..4rbLl~1...I·t' J 5 I 9 7~ 4.7110 710 0025 i) 025 G G

Group \'111 PJI'c:h, knl..' H,L\lr"

P::lI)t"lh)lt:'nt'. h.!!h rh' ... ,url'
prnlt~"

" 2
I ~ 81 3.400 ~ 10 '80 '1.1130 0'...120 G G

Pul)t'I:I)It'nc. I. l 'ool. ~.Hl''' 1I; ...

prilL ........ .:!~ I)
, , M3 51iOO 4:!O 11 1)10 0'120 G (,

Polyelh~lenc \1,''''. ,...
mde~uJJJ "'t'llihl . ,

" R '4 2.1\10 400 ').035 U 020 G G, "

Group I \. Plll~ :nC'lh~ lenC' Re\ln\

(arblJ'II,) poh rnt'!h) It.:nc

n:E.uJ.H 20 ill 5.5110 51!1 0325 G Gth

Group X Pe.~ ?rnp\ knc K~"In'

Pol)'prop) lerc 1,.:onIJln\ no

Jnllll\IJdnll H0 20 76 5.0110 420 ".OlO 0010 G (,

Group XI Ra~ on

Ra)on l"'h~0":) lhl~k. I ,

denier.,') Li2P'In, mJr,h'n (1.1 () ,; R8 I 100 ~ 20 2~O :J 2~1I (j 055 G (,

Group XII. St~ ·t.'n~' P,'I~ mer

Jnd C(lp\'l~ mer R"'\m\
PoIY\I)' ·C'ne mold,"!! compound " U ~ {) 77 5 t10n 5hO :J 040 0.015 G (,

Palnl!, fC'ne Idle .. , \Pr.:l~ d~It'J

~onlam~ ~urld,,-,: .. nh I J 4 .11 91 7000 S'l11 5001 0015 0020 G (,

SlY rent.'-a~·~ h,"I~"IIt.'

dlpolyml" 1"11- 101 ; ~ Ill;; 71 1.41l0 500 I' 030 0.OJ5 G G
SI)r..:n~··bul.Jdl~'n~·ldl~·'

~ ..lpol}mt'r.IJ~t'r '5'
'iiI) ren~' Jh..:m ... ,)J!il.JI.Jlcll i,J I 7 82 3.~01l 4~0 0.0~5 [1025 (, G

Group XIII VIO!' I Polym~'~

and CoplJly I'!l~'r R~'In\

Poh"In)'[ a\.'etdlt: 06 04 b9 1000 550 Q 160 0040 G G
Polyvln)1 d~C'd'C ak"hol "9 11 75 3.10') SW 440 o 120 LJ 035 G G
Pol)..-,") I bUI~ rJl 25 8 ,)." 84 2.11Utl 391) 1.010 0020 L; G
Pol'n,")I ~hlorld..:. rln~ bbO 290

, i!- (, J

V In)' I \.hlondC'·"1n)I d... er ... ~t'

copol~'mt'.r 690 G d
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TABLE 4-1 Classification of Dusts by National Electrical Code (cont'd)

M,u Rate lfi!.nliion M,n

Ma". 01 r~lI1perCllure n"",d ",n. NI:::C
IlEnilion bplo- l:.-.plosilJn Pre5)LU~ .,nllion [<plotio" ClauirlCltiolt
~n,i· !l.lon PrUliurth Ri",h C1nud l..Iyor t.nern Cancenlrllion

Type 01 Du.. t t1yi,~ Se\'ent)' lp'li) Ip,i/,I Ian ("0 IJl fOllcu II) 1981 Recomlllellded

Vinyl chlollde-C1.:r)'lununJe
.... opolymer. waler-rmuLlIIon
produ,:1160-40) 1.1 Ob 71 l.bOO Sill 470 O.112~ 0.045 G G

Vln)'1 chlonde-a..:r)'lonllnle
.... opol)' mtr.....aler~m ul~lon

produelI33-67) 7 2 20 87 4.400 530 470 0.1115 0.035 G G
Pol)..... In~ I chlonde·dlol'lyl

phthalat. mIXture Ib7-33) 3.6 U.8 b5 2.300 320 0.05U 0035 G G
VlnylJdene chloride polymer

moldmp: Lompound 900 G d

Vlnylololuene-acrylonllnle-
but..dlene c:opolymcr

l58-19-2JI 9.5 2.2 71 6.000 530 0.020 0.020 G G

10 Th('rmuscllm~ ReSlnili and
Moldlll!' Compound,

Group I. Alkyd R.Sln,
Alkyd moldln@ compound.

minerai filler. not self-
t:lI,lIngulshU18 0.2 < 0.1 15 150 500 270 0120 0.155 G G

Group II. AUyl R••m.
AUyl alcohol derl\'lIIl1 ... e.

CR-J9. (from dust collecLorl 5.8 b 7 106 12.000 500 0.020 O.OJS G G
"Uyl alcohol den'Jiul'I'e.

CR·14~~I... fiber
m.... tur.165-351 < 0.1 0.2 34 1.000 540 I.bO 0.345 G tl

Group III. AminO R.Sln,
(Melamine and ~rea)

MelamU"lc formaJdeh)'de,
unrl1led IBminoung type,
no plaslIClzer 0.1 0.2 61 700 810 0.320 0.085 G tl

Lrea formaJdch!,de moldin~

compound. Grade II. line 0.6 1.7 89 HOO 460 0.080 0.085 G G
I.:r.a formald.hyd.·phenol

formald.hyd. moldln~

compound. wood nour nller 0.5 0.9 86 2.000 490 240 0120 0.075 G l;

Group IV. Epo~)' ReSins
Epolt)". no l.:ataly .. 1, moclJ(jer.

or dddl!lWC" 124 2.7 8b b.OOO 540 0.015 0.0211 I; I,

E:.poxy·blSphenol A ml-.lure .18 O.S 68 1..500 510 0.1I35 0.030 I, I;

Group V I UTJn RC'ioIn\

Phenol ruriural 15 2 40 90 8.500 530 31U O.Ulu 0.025 I; I;

Group \'1. Phl:nolJ~ ReSins
Phenol formaJdeh)'de 93 3.9 105 7.000 580 0.015 0.025 G G
Phenol formaldehyde. I-step 7.9 5 3 92 11.000 640 0010 0.040 G G
Phenol formaldehyde, 2-step 13.9 4.0 89 8..500 S80 0.010 0.025 G G
Phenol formaldehyde.

~mueSlnou, < 0.1 18 200 460 0.235 G oJ

Phenol formdldeh)'de moldlnf!
compound...ood flour
nUer 89 4.7 94 9.500 500 0.015 0.030 G G

Phenol lorm.udehyde.
pohallc.)'lene polyamme
modified Ib 0 28 96 5.500 420 290 0.015 0.020 G G

Group VII P'11)C51~r ReSinS

Polyelh)'ien~ I~r~phlhi.lale 2.9 2.6 91 5.500 500 0.03S 0.040 G G
Styrene modified pol)e:llcr·

11111s.~ tiber mixture (65-35) 2.0 a 84 6.000 440 360 0.050 0.045 G G

Group VIII Pol)'urclhane
Re!ln5 (Isocyanale)

Polyurelh.ln\: loam j tolu.:nc
dlisocy anatc·poly hydro~y
vr'IIh Iluoro,:arbon blo..... lng:
iI,enfl. no lire r~lardJn' H 1.5 84 3.400 510 440 0.020 0.030 G G

PolyuJelhane' foam lIoluene
dmoc)' ana Ie-poly hydrox)
With nU("lrocarbon blowmg
agent). fire retard..iint 9.8 1.7 88 3.700 S50 390 0.015 0.Q25 G G
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TABLE 4-1 Classification of Dusts by National Electrical Code (cont'd)

Typ< of Du,t

Igniuon
Sens..
[1\oH)'

bplo­
..ion
Seve'r1ly

Max.
Explo!llon
Preuureb

(Plllt)

Max. Ral~

01

Pressure
R•.eb
(psi/,)

Ignition
Temperature

Cloud Layer
('CI ('CI

Min.
Cloud
l.,urion
j,ne l1lY
(JI

Min.
,,"plouan
Confo.:en UalJon
(oll<u ftl

Nj,C
ClllllfiCition

1981 Recommended

II Special Resin••nd
Mold ins Compound,

Group I Cold Molded Re"n,
Petroleum reSIn (blown

.",halll. regulO1

Group II. Coumarone·lndene
Relin.

Coumarone-inden-. hlld
Group III. r-iatunl RUins
Cashe .... all. phenolic. hard
Lignin. hydrolyzed· .. ood type.

fines
ROSin. DK
SheUac
Sochum res.lnale, dry 'JIZt:,

srade XXX
Group IV. Rubber
Rubber. crude. hOld
Rubber. 'JynthclIc, hard.

con lain ])0:;. i1iulfur

Rubber. chlollnlled

Group V. MlsceUa.neOU5
Ruins

Alkyl ketone dimer SU.JnR
compound. dimer dispersed

on '~IC' (50-50l
ChlOrinaTed phenollbu­

12·hYdro\)"·5-l,:hlorophenyll
methane)

Elhylene o:ude pol)mer
Elhylene·maJelc anhydude

..:opolymer
Sryrene-maJelc anhydride

.. opolymer
Petrin ,H.r)lale monomt'r.

",rude

6.3

25.8

6.8

S 6
34.4
2.\ 2

2.7

4.6

7.0

5 3

1.5
6.4

1.0

71

10.2

2.3

54

1.8

27
5..1
1.4

\.s

16

1.5

2.4

07
09

0.2

4.1

8.7

94

93

85

102
87
73

94

80

93

76

70
89

51

82

104

4.600

11.000

4.000

5.000
12.000
3.600

3.600

3.800

3.100

6,000

2.000
2.000

700

9.500

16.000

510

520

410

4.\0
390
400

3.10

350

320
940

420

570
3.10

540

470

220

180

220

290

160

490

O.OlS

0.010

0.02.1

0.020
0.010
0.010

0.060

0.050

0.030,

0.030

0.060
0.030

0040

0.020

0.020

0.02.1

0.01.1

0.02.1

0.040
0.01.1
0.020

0.035

O.OlS

0.030
K

0.030

0.040
0030

0.095

0.030

0.045

G

G

G

G
G
G

G

G

G
G

G

G
G

G

G

G

G

G

G

G
G
G

G

G

G
d

G

G
G

G

G

G

a"'Jll··jdl .. Jrc Irom Tablc j-9A. \'FPA Fm' Pmt('(.·f/oll Han cJh()() It. , 141h edmon. Data In Table ]·8A \loa, ulensllil'ely mo<hfled by reviewinllhe
I...:lh.l ....·ln~ rc."porh 01 Ihe U S Depanment of In[enor. Bureau of Mines. RI 57~]. The Ell.ploslbLlilY at Agricuhural DUSlS: RI 6516. Explosibilit)l
or ~el.ll Po ..... der\. RI 597 I. f:.XpIO~S1blhl) of Dusu Used In (he Plullcs InduslrY; RI 6597. E_ploSlbi.bly of Carbonaceous Dust!, RI 7132. Dust
i:. ,p!t"'lslbdll) 01 (hemlcal~. Dru(!s. D~es .and Pes(lcldes; and RI 7208. E,l.ploslbLlilY of Miscellaneous Dusts.

The dala ~l .. en for l~nltlOn temperature". minimum cloud ignition energy. and minimum C:Xplollon concenlration ....ere lh~ minimum values for the
:ype 01 s.ample leslt'd The data given for maximum e1l.plo~!iIon pru.sure and mU.lmum rale of pressure rise ~re those obtained ror a smale s.ample of I

l)'pe le\led al iI con,enlrallon of 0 5 ozlft3.

h "'II mUlmum pre,,~ure rales and e",ploslon pressures determined 011 concenlrations of O.S ollft 3.
( De termU1ed by dispersing. \IIllh ;m allblast I rlJm an 80-In. J resel"Yolr char(Eed to t,S-p.!i,i,g. pressure (Method A). AU other ruulls delermined by disperlina
..... Ith an alrblast Irom a J-In] re..ef'/Olr char~ed (0 iii 100-p.s.1 g. prel!ure (Method B)_ Method A is related 10 Method B by a conliemon faclor of 3.07.
cJlgnltlon senslll\/H)' <02 and uploSJon severlly <0 S. Lunslllulcs prlmiUlly a ....eillk e'tploslon hill.•ud.
('~o Ignition up 10 8 32-J spart. lhe hLghesl lned.
!Ignlllon dcnoted by l1ame: a1l others nol 50 marked denoted by a glow.
"'r-.o I~nl[ion up 10 a concenrrluon 01 2 oZ/h J

. Ihe hljhest wed.
hl::-, p105J.on !c:vrrllY or IgnHlon s.en5.lI!VII)' unkno .... n; dager indicates cluSJticallon based on reslllIVil) or beSI Judgement of Ihe panel.
[Guncotton ignlllOn !iource.
I ASlerlSk IndlL'alelli J dlffercn",-c of opinion amon~ pdnel!lilS: das.slfkallon ~vcn I~ the more S1nntEcr.t one
k~('l ItEnltlon.
'Mdlerldll" rnOphlHll



Appendix A

IGNITION AND EXPLOSION HAZARD OF DUSTS

DEFINITION OF IGNITION SENSITIVITY AND EXPLOSION SEVERITY

Definition of the terms "ignition sensitivity" and "explosion severity"
requires a somewhat detailed description of the equipment and procedures
used to quantify the parameters involved.

The hazard of a dust is related to its ease of ignition and to the
severity of the ensuing explosion. Among other parameters, the ease of
ignition may be considered a function of the ignition temperature, minimum
energy for ignition, and minimum explosion concentration, the severity of an
explosion is related to the maximum pressure and the rate of pressure rise.
To facilitate evaluation of the explosibility of dusts and to give a
numerical rating to the relative hazard, empirical indexes were developed
that compare values obtained for these parameters with similar values for a
standard Pittsburgh coal dust. The ignition sensitivity and explosion
severity of a dust are defined as:

Ignition Sensitivity = (Tc x E x C)l/(Tc x E x C)2'

and

Explosion Severity

where subscripts 1 and 2 refer to Pittsburgh coal dust and the test dust,
respectively, Tc is the cloud ignition temperature, E is th~ minimum
ignition energy, C is the minimum explosion concentration; P is the maximum
explosion pressure, and P is the maximum rate of pressure rise. The indexes
are dimensionless quantities and have a numerical value of 1 for a dust
equivalent to the standard Pittsburgh coal dust. They were not derived from
theoretical considerations but provide ratings of explosibility that are
consistent with research observations and practical experience.

The relative ignition and explosion hazard of dusts may be further
classified by ratings of weak, moderate, strong, or severe. These terms are
correlated with the empirical index as shown in Table A-l.
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TABLE A-l Correlation of Indexes with Relative Degree of Hazard

Degree of Ha zard
Severity

Weak
Moderate
Strong
Severe

Ignition Sensitivity

0.2
0.2-1.0
1.0-5.0
5.0

Explosion

0.5
0.5-1.0
1.0-2.0
2.0

Source: Jacobson et al. 1961.

The data for Pittsburgh coal dust used in quantifying the ignition
sensitivity and explosion severity of dust are as follows:

Cloud Ignition Temperature
Minimum Ignition Energy
Minimum Explosion Concentration
Maximum Explosion Pressure
Maximum Rate of Pressure Rise

LABORATORY EQUIPMENT AND PROCEDURES*

Preliminary Examination of a Dust Sample

6100 C
0.06 J

0.055 gil
83 psig
2300 psils

A sample is initially screened through a No. 20 sieve (840 jJm): the
fraction not passing through the sieve is weighed and discarded. A
representative portion of the through-No. 20 sieve dust then is screened
mechanically through No. 100 (149 IJm) and No. 200 (74 jJm) sieves to evaluate
the particle-size distribution. The through-No. 200 sieve dust of a
homogeneous substance is prepared by sieving. For a nonhomogenous material,
the through-No. 200 sieve dust is prepared by grinding all of a
representative portion. In practice, if 95 percent or more of the
as-received dust passes through a No. 200 sieve, no further size reduction
is made. A few tests are performed using the through-No. 20 sieve dust:
complete tests are made with the through-No. 200 sieve dust.

The moisture content of the as-received material, except coal, is
determined by drying at 750 C for 24 h. Coal is dried at 1050 C for 2 h
in accordance with ASTM Standard Method 03176 and 03180. Heat-sensitive
materials are dried over a suitable dessicant at room temperature.
Explosibility tests are conducted on dusts having 5 percent or less
moisture: however, if moisture at this level is observed to affect
dispersibility, the dust is dried further before testing.

*Based on methods described in Dorsett et al. 1960.
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It is recommended that each dust be microscopically examined at
magnifications of lOOX and 400X to ascertain the shape, size, and other
physical characteristics of the particles. When applicable, the apparent
density should be determined. Chemical analyses and X-ray or spectroscopic
examination then may be desirable. This physical and chemical data will aid
in interpretation of differing test results for similar materials.

Ignition Temperature of a Dust Cloud

The ignition temperature of a dust cloud is determined in a
Godbert-Greenwalt furnace that consists of a 1-7/16-in. vertical Alundum
tube, 9 in. long, wound with 21 ft of IS-gauge (0.S24~2) Nichrome V wire
(Dorsett et al. 1960). The windings are spaced closer together toward the
two ends than in the middle to provide a relatively constant temperature
throughout the tube. The tube is mounted between two 1/2 in.-thick transite
plates in a 6-in. diameter sheet-metal cylinder with kieselguhr packing
between the Alundum tube and the sheet-metal cylinder. The top of the tube
is connected by a glass adapter to a small brass chamber with a hinged lid
for inserting the dust test sample. A full-port solenoid valve betweeen the
dust chamber and a 500-ml air reservoir controls the dispersion of the
dust. The air reservoir is pressured to a selected level, indicated by a
mercury manometer or any suitable gauge from a compressed air line. Opening
of the solenoid valve disperses the dust in the chamber downward through the
furnace. The pressure used for dispersion ranges from 4 to 20 in. of
mercury, depending on the density and dispersibility of the dust. Normally,
0.1 g of dust is used in the test, but the weight of the sample may be
varied between 0.05 to 1.0 g if the quantity affects the determination.

The temperature of the furnace is measured with a 22-gauge (0.326~2)
chtomel-alumel thermocouple 1/32 in. from the interior furnace wall at
mid-height. The temperature is maintained at the desired value (within
~50C) by automatic control. Ignition is indicated by the appearance of
flame projecting below the mouth of the furnace. The ignition temperature
is the minimum furnace temperature at which flame is observed in one or more
trials in a group of four. The nominal test increment is 10oC.
Appearance of excessive smoke is an indication that the quantity of dust
placed in suspension or the pressure used for dispersion may need to be
adjusted.

Minimum Ignition Energy

The minimum electrical energy required for ignition of a dust cloud is
determined in the Hartmann apparatus which consists of a vertically mounted,
2-3/4-in. tube, 12 in. long, and auxiliary equipment for producing the dust
dispersion. The tube, made of lucite, is attached to a cylindrical metal
base or dispersion cup by hinged bolts. The top surface of the cup is
machined to an approximately hemi.spherical shape. The total volume of the
chamber is 1.23 1. Dispersion is accomplished by a single blast of air from
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a 1.31-1 reservoir. The airflow, controlled by a full-port solenoid valve,
passes into the chamber through a mushroom-like deflector in the dispersion
cup. The air pressure in the reservoir, determined by trial, ranges from 5
to 15 psig. The quantity of dust dispersed ranges from 5 to 10 times the
minimum explosion concentration, which must be determined by trial.

The top of the tube is covered with a filter-paper diaphragm held by a
retaining ring. The spark constituting the igniting source passes between
pointed 20-gauge (0.5l8-mm2 ) tungsten-wire electrodes located 4 in. above
the base of the tube. Preliminary trials are made by varying the electrode
gap to determine whether this distance affects the minimum igniting value;
the normal gap distance is 1/4 in. The spark is obtained from the discharge
of capacitors at 100 V (to increase the energy range, the voltage is
increased to 400 V). Oil-impregnated, paper-dielectric capacitors ranging
from 2 to 100 WF are used. The capacitors discharge through the primary of
a luminous-tube (neon) transformer. An electronic timer, with adjustable
delay, controls the spark discharge in relation to the dust dispersion; the
optimum time is determined during preliminary trials to determine minimum
energy. The energy of the spark (in joules) is calculated as 0.5 CV2,
where C is the capacitance in farads and V is the charging potential in
volts. The reported minimum energy for ignition of the dust cloud is the
least required to produce flame propagation 4 in. or longer in the tube.

Four trials are made at each energy setting; however, if the dust
ignites in initial trials, lower energy settings are tried until a minimum
is obtained. The value of the minimum ignition energy is approximate since
some electrical energy is dissipated in the transformer circuit and some
remains in the capacitors. For this reason, nominal rather than absolute
values of energy are obtained. "In limited trials with direct capacitor
discharge at high voltages, comparable minimum ignition energies were
obtained for several dusts.

Minimum Explosion Concentration

The minimum explosion concentration or the lower explosive limit of a
dust is determined in the Hartmann apparatus except that an induction spark
ignition source is employed rather than a timed capacitor discharge spark.
This test was developed to provide data corresponding to those obtained in
large-scale experiments in galleries and in the Experimental Coal Mine using
Pittsburgh coal dust.

A weighed quantity of dust is distributed in the dispersion cup. The
top of the lucite Hartmann tube is covered with a filter-paper diaphragm
held in place with a retaining ring. A 1/16-in. hole is made in the center
of the filter paper to prevent pressure buildup in the tube from the
dispersing air. The electrodes are adjusted to a 3/l6-in. gap, and when the
electric spark is struck, the current is set to 23.5 rnA. The dust cloud is

formed in the lucite tube by dispersing the weighed dust sample with air
relea~ed from the reservoir. Optimum uiape~sing air pressure ranges from 5
to 15 in. of mercury and is determined in preliminary trials.
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Following ignition of the dust, sufficient pressure must be developed to
rupture the diaphragm to indicate an explosion. The pressure required to
burst the filter-paper diaphragm is about 2 to 3 psi, depending on the rate
of pressure rise. If propagation occurs for a given weight of dust, the
weight is reduced by 5 mg and another trial is made until a quantity is
obtained that fails to propagate flame in any of four successive trials.
The lowest weight at which flame propagates is used in calculating the
minimum concentration. Tests are made with the electrodes at 2 and 4 in.
from the bottom of the tube. The average of the two weights is divided by
the volume of the tube (1.23 1) to arrive at the minimum concentration. For
materials that tend to agglomerate, 3 to 5 percent of Fuller's earth may be
admixed to facilitate dispersion.

In this test, a momentary dust cloud is produced by a single blast of
air. This cloud is of short duration and is relatively nonuniform. To
achieve controlled dust dispersion of known concentration, an apparatus was
developed to produce a continuous dust-air stream. By varying the airflow
and dust feed rate, a dust cloud of desired concentration was produced for
studying the lower explosive limit. The results obtained with the
continuous-stream method are similar to those obtained with the
single-air-b1ast method in the Hartmann apparatus.

Explosion Pressure and Rates of Pressure Rise

Pressure and rates of pressure rise developed by a dust explosion are
determined in a closed steel Hartmann tube. Dust disperson is accomplished
by releasing air from a 50-m1 reservoir at 100 psig, instead of from the
1.31-1 reservoir at 14 psig previously described. The maximum pressure that
can develop in the explosion tube from the dispersing air is 6;5 psig;
however, because of rapid development of the dust explosion, the pressure
from the dispersing air at the time of ignition is generally 2 to 3 psig. A
full-port solenoid valve controls admission of the dispersing air, and a
check valve prevents the combustion gases from escaping back into the
dispersion reservoir. Ignition of the dust cloud normally is produced by
the 23.5 rnA continous spark source. For dusts that ignited with difficulty,
a heated coil or guncotton source is tried.

The explosion pressure is measured by electronic transducers. The
maximum pressure and the average and maximum rates of pressure rise
developed in an explosion are determined from the pressure-time records.
The dispersion pressure (initial pressure in the tube at time of ignition)
is subtracted from the peak explosion pressure to give a corrected maximum
pressure. The average rate is obtained by dividing the maximum pressure by
the time interval between ignition of the dust cloud and the occurrence of
the maximum pressure. The maximum rate is the steepest slope of the
pressure-time curve. Normally explosion tests are made at dust
concentrations of 0.1, 0.2, 0.5, 1.0, and 2.0 oz/ft3 •
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Reproducibility of Tests

In laboratory tests, small quantities of dust (usually 1 g or less) are
dispersed in a relatively small volume., Application of the numerical values
obtained in the laboratory to large-scale industrial situations must be
done with caution. The factors involved are the generally incomplete and
nonuniform dispersion in a large volume, the insufficient or excess dust
present, the heat losses to the walls and enclosed equipment, the varying
degrees of turbulence, and the intensity of the igniting source. Variations
in particle shape and size distribution and the pretreatment of a dust also
are important factors.

It is assumed that test samples are identical with regard to ignition
and explosibility. The variation in the measurement of the parameters of
ignition sensitivity is appreciable. For example, based on 10 repetitive
tests, the mean ignition temperature of cornstarch dust clouds is 430oe.
Assuming that systematic errors are not involved, the actual test
temperature may be 430 ~ lloe at a 95 percent confidence level.

When data obtained in laboratory tests are reported, specific values are
given even though they may not be statistically valid. For example, the
minimum energy required for ignition of coal dust is reported at 0.06 J. A
more complete study might show the probability of ignition at 0.06 J to be
0.25 at a 95 percent confidence level.
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Appendix B

LAYER IGNITION TEMPERATURE

BACKGROUND

The committee's Panel on Dust Test Equipment considered five methods for
determining the layer ignition temperature of combustible dusts:

1. The hot plate method of the U.S. Department of the Interior, U.S.
Bureau of Mines (private communication, M. Jacobson, U.S. Bureau of Mines,
1977) •

2. The modified Godbert-Greenwald furnace method of the U.S.
Department of the Interior, Bureau of Mines (Dorsett et ale 1960).

3. The standard method of test for ignition properties of plastics of
the American Society for Testing and Materials (ASTM designation D 1929-68).

4. The hot plate method developed by the British Fire Research Station
(private communication from the International Electrotechnical Commission SC
31H/WG2, February 1975).

5. The hot plate method proposed as the International Electrotechnical
Commission (IEC) test method by IEC Subcommittee 31H, Working Group 2 (IEC
1975) •

It was the consensus of the panel that the test method to be recommended
should be a hot plate method because of the simplicity and availability of
the equipment involved. Available test data indicate that similar test
results are obtained when using different hot plate test methods, when
different laboratories use the same method, and when repeated tests are
performed in the same laboratory.

It also was noted that the difference in results between the U.S. Bureau
of Mines' hot plate method and furnace method is about ~200C. The
proposed IEC test method was chosen by the panel as the foundation of its
recommended method because there is a relatively wide data base for this
method that indicates that it produced results as reproducible as any method
studied. The method recommended by the panel for determining the layer
ignition temperature of combustible dusts is described below, and the
differences between it and the IEC test method are discussed.

Most of the data readily available in the United States on the ignition
temperature of combustible dusts layers is the result of tests by the U.S.
Bureau of Mines using dust passing through a 0.074-mm (200-mesh) sieve. The
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test method recommended by the IEe requires that the dust pass through a
0.2~ (70-mesh) sieve, with an exception if it is necessary to test coarser
dust. There are no reported data correlating the layer ignition temperatures
using dust samples identical to each other except for the particle size.
Although most experts believe that the difference in layer ignition tempera­
ture between dusts passing through 0.2-mm and 0.074-mm sieves is minimal,
the panel decided to recommend use of the 0.074-mm sieve because of the lack
of reported correlation data and the mass of information already available
on layer ignition temperatures using dust passing through a 0.074-mm sieve.
This decision errs, if at all, on the side of safety.

Other relatively minor changes from the IEe recommended test method
(e.g., thickness of dust layer) also have been made by the panel to reduce
the likelihood of differences between layer ignition temperatures obtained
using the test method recommended and layer ignition temperatures reported
by the U.S. Bureau of Mines.

The panel's recommendation that the melting temperature be considered
the ignition temperature if the material melts before an ignition is
observed is based on the behavior of molten material, which is different
from the behavior of material in the form of dust. Electrical equipment
evaluated and found acceptable for use in the presence of dust may not be
acceptable when exposed to molten material.

RECOMMENDED TEST METHOD FOR IGNITION TEMPERATURES OF DUST LAYERS

Scope

This test method is intended to determine the minimum temperature of a
hot surface that will result in the ignition of a layer of particulate
solid, or dust, of specified thickness deposited on it. The test is not
suitable for use with substances having explosive properties.

Definitions

For the purpose of this recommendation the following definitions apply:

1. Ignition--The initiation of combustion in the material under test.
Ignition should be considered to have taken place at the minimum hot plate
temperature at which: (a) there is visible evidence of combustion such as a
red glow or flame, (b) the slope of the temperature-time curve for a
thermocouple in the center of the dust layer continues to increase, (c) a
SOoC temperature rise above hot plate temperature in the dust occurs, or
(d) the dust melts.
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2. Ignition Temperature of a Dust Layer--The lowest temperature of a
hot surface, rounded to the nearest integral multiple of 10oe, at which
ignition occurs in a dust layer of given thickness on the hot surface when
the procedure in this recommendation is followed.

Preparation of Dust Sample

The dust should be able to pass a 0.074-mm (200-mesh) sieve. If
necessary, any dust passing a 0.84~ (20-mesh) but not a 0.074~

(200-mesh) sieve should be ground to reduce the particle size until all of
the dust passes a 0.074~ (200-mesh) sieve. The ground and unground (fine
dust) samples then should be mixed. The sample must be representative of
the dust received and the dust used in the test should be well mixed. Any
changes caused in the properties of the as-received dust samples (e.g., by
sieving or grinding) should be reported.

General Description of Apparatus

The apparatus is shown schematically in Figure B-1. Essential details
and performance requirements are described below.

Heated Surface. The heated surface should consist of a circular
stainless steel plate 200 mm in diameter and not less than 20 mm thick. The
plate should be heated by an electrical heating element and its temperature
should be controlled by a device for which the sensing element is a
thermocouple mounted in the plate at the center and with its junction in
contact with the plate and within 1 +0.5 mm of the upper surface. The same
thermocouple should be connected to a temperature recorder for recording the
temperature of the plate during a test. The heated plate and its controller
should satisfy the following performance requirements:

1. The plate should be capable of attaining a maximum temperature of
4000 e without a dust layer in position.

2. The temperature of the plate must be constant to within +5 0 e
throughout the period of the test.

3. When the temperature of the plate has reached a constant value, the
temperature across the plate should be uniform to within +soe when
measured across two diameters at right angles using a procedure like that
illustrated in Figure B-3 (this requirement shall be satisfied at plate
temperatures of 200 +5 0 e and 350 +5 0 e measured at the center of the
plate) •

4. The temperature control should be such that the recorded plate
temperature will not change by more than +50 e during the placing of the
dust layer and will be restored to within-2oe of the previous value within
5 min of placing the dust layer.
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.-.----- 200 mm-----~

A - Heated Plate
B - Skirt
C - Heatar
o - Heatar Basa
E - Heater Connection to Power

SupplV and Controller

F - Ring for Dust Laver
G - Plate Thermocouple to Controller
H - Plate Thermocouple to Recorder
I - Dust Laver Thermocouple to Recorder
J - Screw Adjustment for Thermocouple

Height
K - Coil Spring

FIGURE B-1 General arrangement of hot plate (not to scale).
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5. Temperature control and measurement devices should be calibrated
and should be correct to within +3 0 e.

Test Thermocouple. A fine thermocouple (0.20 to 0.25 mm in diameter)
should be located so that the junction is at the geometric center of the
dust sample. The thermocouple should be stretched across the heated plate
parallel to the surface. This thermocouple should be connected to a
temperature recorder for observing the behavior of a dust layer during tests.

Temperature Measurement. Temperature measurements with the thermocouple
should be made either relative to a fixed reference junction temperature or
with automatic cold junction compensation. In either case, calibration
should satisfy the above +30 e accuracy requirement.

Ambient Temperature. The ambient temperature should be measured by a
thermometer placed in a convenient position within 1 m of the hot plate but
shielded from heat convection and radiation from the plate. The ambient
temperature should be within the range of 10 to 300 e.

Dust Layers. Dust layers should be prepared by filling the cavity
formed when a stainless steel ring is placed on the surface of the hot plate
and by leveling the layer to the top of the ring (Figure B-2). The ring
should be 100 mm in diameter and should have slots at opposite ends of the
diameter to clear the test thermocouple (Figure B-3). The ring should be
left in place during a test. A given dust should be tested in a layer that
is 12.5 mm deep. A ring of the appropriate depth will be required.

FIGURE B-2 Scoops recommended for forming dust layers.
concave edge supports the ring and collects excess dust
leveling the layer formed inside the ring.

The scoop with the
swept toward it in



34

6.25 ± ,0.1 mm

Slots

12.5:t 0.1 mm
I 6.25:t 0.1 mm 1

------+:----~u

'IT!
1 ± 0.2 mm-JI--

---+--

1------1oo± 2.0mm 1/0------1

FIGURE B-3 Ring for forming dust layers.

Density of Dust Layer. The dust layer should not be compressed unduly
(i.e., the dust should be put into the ring with a spatula and distributed
mainly with sideways movement of the spatula until the ring is slightly
over-filled; the layer then should be leveled by drawing a straight edge
across the top of the ring and the excess dust should be swept away). To
minimize spillage, it is convenient to form a pan around one half of the
ring ard then to draw the straight edge towards the pan.
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A layer of each dust should be formed in the above manner on a tared
sheet of paper and weighed. The apparent density should be calculated from
the weight of the dust and the filled volume of the ring and should be
reported. These data are only to provide a reference should data on a
similar material yield significantly different results.

Procedure

General Basis. Ignition in particulate or porous solids exposed to
elevated temperatures generally is preceded by a more or less protracted
period of self-heating (usually due to atmospheric oxidation). Depending on
the temperature of exposure, self-heating may result in no more than a
transient, although sometimes substantial, rise in temperature within the
solid that does not lead to the propagation of combustion. Further, the
"induction period" for ignition at temperatures near the minimum required
for ignition is usually many times greater than for ignition in dust clouds
or in gases and vapors. For these reasons, recognition of the minimum
ignition temperature for layers is less straightforward than for dust clouds
or for gases and vapors, and it is necessary to be certain that failure to
ignite at a given temperature is not merely a result of premature
termination of a test.

The occurrence of ignition in a layer of dust on a surface at a given
temperature depends critically on the balance between the rate of heat
generation (self-heating) in the layer and the rate of heat lost to the
surroundings. The temperature at which ignition of a given material occurs
therefore depends on the thickness of the layer. Values determined for two
or more thicknesses of a given dust may be used for predictive purposes (see
the section below on application of results).

If the dust is seen to flame or glow, this is sufficient evidence of
ignition. If flaming or glowing is not seen, the behavior of the dust layer
is to be observed by means of a fine wire thermocouple supported within it
and connected to a temperature recorder. It usually will be found that,
provided the temperature of the plate is high enough, the temperature in the
layer will increase slowly to a maximum value that may be in excess of the
temperature of the hot surface and then fall slowly to a steady value below
the temperature of the hot surface. This behavior is evidence of
self-heating in the dust layer and may often be accompanied by a
discoloration of the dust but not by active and visible combustion of the
layer. Discoloration shall not be considered to be ignition. If the
temperature of the hot surface is slightly higher, it will be found that the
temperature measured in the dust layer will continue to rise (instead of
passing through a maximum) and lead to ignition. Simple temperature-time
curves illustrating this behavior are shown in Figure B-4. If there is no
ignition within 30 minutes, the test can be considered concluded. With
organic dusts, combustion usually will take the form of charring followed by
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FIGURE B-4 Typical temperature-time curves for ignition of dust layer on
hot surface.
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smoldering and glowing that will progress through the layer and leave a
residue of ash. Sugars, starches, and some other dusts turn dark, melt,
expand, foam, and sometimes char with or without ignition. For these dusts,
visible observations and notes should be included with the temperature-time
curve. With dust layers composed of certain divided metals, ignition may be
characterized by the relatively sudden appearance of highly incandescent
smoldering combustion progressing rapidly through the layer.

In determining the ignition temperature for a layer of given thickness,
repeated trials should be carried out using a fresh layer of dust each time
and adjusting the temperature of the hot plate until a temperature is found
that is high enough to cause ignition in the layer but that is no more than
lOoe higher than a temperature which fails to cause ignition. Tempera­
tures at which ignition fails to occur must be confirmed by continuing a
test long enough to establish that any self-heating is definitely decreasing
in rate (i.e., the temperature at the point of measurement in the layer is
decreasing to a steady value lower than the temperature of the plate).

Method. The apparatus should be set up in a position free from drafts
and under a hood capable of exhausting smoke and fumes. An angled mirror
some distance above the test sample or equivalent means for visual observa­
tion of the dust during the test should be provided.

The temperature of the hot plate should be adjusted to a desired value
and should be allowed to become steady within the prescribed limits. A ring
of the required height should be placed centrally on the surface of the
plate and should be filled with the dusts to be tested and leveled off
within a period of 2 min. The test thermocouple recorder then should be
started. The surface of the heated plate and the ring should be cleaned
after each test.

Results. Tests should be repeated with fresh layers of dust until an
ignition temperature has been determined. This should be the lowest hot
plate temperature, rounded to the nearest integral multiple of lOoe, at
which ignition occurs in a layer of a given thickness. At least two observa­
tions of ignition at temperatures differing by no more than 200 e should be
recorded. The temperature at which ignition does not occur also should be
recorded. This temperature should not be more than lOoe lower than the
temperature at which ignition does occur and should be confirmed by at least
two more tests.

The test should be discontinued if ignition
occur below a hot surface temperature of 400o e.
duration of the test should be reported.

of a dust layer does not
This fact and the maximum

Time to ignition, or time to the maximum temperature in the case of no
ignition, should be measured to the nearest 2 minutes from the time of
placing the dust layer on the hot surface and should be reported. If
melting occurs, this fact and the melting temperature should be recorded and
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the test should be discontinued. The melting temperature should be
considered to be the ignition temperature. *

If flames appear above the surface of the dust but the dust itself does
not ignite, the temperature at which flames appear above the dust should be
considered to be the ignition temperature.** If foaming of the dust layer
occurs, this fact should be recorded and the testing should be continued
until ignition, flaming, or melting is observed.***

Validity of Test Results

Repeatability. Duplicate results obtained by the same operator on
different days should be considered unsatisfactory if they differ by more
than 20oe. The tests should be repeated.

Reproducibility. Results obtained in different laboratories should be
considered to be unsatisfactory if they differ by more than 20oe. The
tests should be repeated.

Difficult Materials. Repeatability and reproducibility sometimes may be
very poor for reasons associated with the physical nature of the dusts and
the behavior of layers during the testing. When this occurs, it should be
reported and all results should be accepted as equally valid. The test
report should include a brief description of the nature of the combustion
following ignition, noting especially behavior such as unusually rapid
combustion or violent decomposition. Factors likely to affect the
significance of the results also should be reported; these include
difficulties in the preparation of layers, distortion of layers during
heating, decrepitation, and melting.

Reporting of Results

The test report should include the name, source, and description (if not
implicit in the name) of the material tested; the date and serial number of
the test; the room temperature; and the apparent density of the material as
tested. The report should state that the determination of ignition
temperature· has been carried out in accordance with this recommended method.

The ignition tests should be reported in the manner shown in Table B-1
(showing results in descending order of temperature rather than in the order
in which tests were performed). All test data should be reported (e.g., the

*
**
***

Some materials, such as sulfur dusts, melt prior to ignition.
This phenomenon may occur with some hydrides, for example.
Some dusts, such as starch dusts, may foam when heated.
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ignition temperature for the 12.5 mm layer described in Table B-1 would be
recorded as l70o C). Trials in which the hot surface differed by more than
!20oC from the recorded ignition temperature need not be reported unless
unusual observations were noted at temperatures higher than the recorded
ignition temperature.

TABLE B-1. Typical Table of Test Results

Depth of Set Surface Time to Ignition or
Layer, mm Temperature, °c Result of Trial Maximum Temperature, min

12.5 180 Ignition 16
170 Ignition 26
160 No Ignition 30
160 No Ignition 30
160 No Ignition 30
150 No Ignition 30

Application of Results

The values of minimum ignition temperature determined in accordance with
this recommended test method apply to layers having the thickness used in
the tests. It is possible to estimate minimum hot surface temperatures for
the ignition of layers of a given dust of lesser or greater thickness by

linear interpolation or extrapolation of the experimental results plotted as
the logarithm of the thickness versus the reciprocal of the ignition
temperature in degrees Kelvin. This is the simplest predictive procedure
that has some theoretical justification. More elaborate treatment based on
thermal ignition theory will permit estimates of the ignition temperatures
of layers in other configurations (e.g., layers on curved surfaces);
however, if accurate predictions of ignition temperature under widely
different conditions of exposure (in particular, exposure to a symmetrical
high-temperature environment rather than to an unsymmetrical environment
like that on a hot plate) are desired, it is preferable to use results
obtained for an experimental procedure matching the different environment
more closely (e.g., ignition in an oven). When extensive prediction is
intended, it is recommended that ignition temperatures be determined for at
least three layer thicknesses and that thicker layers be emphasized.

Construction of Heater Surface

Provided the requirements presented above in the section describing the
heated surface are satisfied, the detailed construction of the heated
surface is not critical. It should consist of a circular plate of stainless
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steel provided with a "skirt" (Figure B-l) and may be mounted on any
suitable electrically heated hot plate commercially available. Aluminum and
ordinary steel are not recommended for the heated surface because of the
potential for corrosion problems and the possibility that an aluminum
surface could be destroyed when metal powders are being tested.

There are two ways of achieving a sufficiently uniform temperature
distribution across the heated plate, the choice of which depends primarily
on the heating device available. If the heater consists, for example, of
exposed coiled filaments intended to run at red heat, there should be an air
gap of about 10 mm between the heater and the plate so that heat transfer
occurs by radiation and convection. If, however, the heater is designed for
direct contact and heat transfer occurs mainly by conduction, the plate
needs -to be much thicker if hot spots are to be avoided. A thickness of not
less than 20 mm is recommended.

The general arrangement shown in Figure B-1 is self-explanatory. It is
preferable to insert indicating and controlling thermocouples in holes
drilled radially from the edge of the plate and parallel to the surface at a
depth of 1 mm from the surface.

The base of the hot plate should be provided with feet in order to clear
the support for a thermocouple stretched horizontally across the surface.
This thermocouple is to be mounted between spring-loaded carriers on
threaded vertical rods and height adjustment should be provided, e.g., by
means of wing nuts.

Measurement of Temperature Distribution on Hot Plate

A suitable piece of apparatus for measuring the temperature distribution
across the hot plate is illustrated in Figure B-5. The measuring element
should consist of a fine thermocouple with the junction flattened and brazed
to a disc of copper or brass foil (5 mm) in diameter. This should be placed
at a measuring point and covered with a piece of insulating material
(asbestos millboard) 5 mm in thickness and 10 to 15 mm in diameter, held by
a vertical glass rod that moves freely in a tubular guide and to which a
fixed load is applied.

Temperature measurements should be made along two diameters at right
angles and at points 20 mm apart and recorded as in Figure B-6. The
thermocouple must be allowed to reach a steady temperature at each point.

The measured surface temperature usually will be lower than the set
point temperature of the plate depending on the detailed construction of the
thermocouple. This is immaterial and can be ignored. The essential
requirement is an accurate measurement of temperature differences rather
than of absolute values.
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Plate Temperature: 350° Scale 1: 1
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FIGURE B-6 Variation of surface temperature over entire plate--50 C
(maximum difference from desired temperature--aOC).
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Appendix C

ELECTRICAL RESISTIVITY

BACKGROUND

The committee's Panel on Dust Test Equipment reviewed two reports
describing equipment used to determine the electrical resistivity of
combustible dusts: (1) a paper on the measurement of electrical
conductivity and resistivity of dust samples prepared by S. H. Chiang in
1976 and submitted to the committee in 1977 and (2) a Recommended Practice
of the Instrument Society of America (ISA)(1973). The method proposed is
essentially the same as the ISA method except that a direct-current rather
than an alternating-current power supply is used to reduce the likelihood of
instrument error and reactance effects.

RECOMMENDED METHOD OF MEASUREMENT OF DUST RESISTIVITY

Scope

The objective of this test method is to provide a convenient, albeit not
precise, determination of the resistivity of dust layers for the purpose of
classifying dusts with regard to fire and explosion hazards. The results
are used to determine whether dusts have resistivities similar to metallic
dusts or to agricultural dusts1 therefore, minor differences in measurement
technique and experimental conditions are not likely to lead to differences
in classification.

Sample Chamber

The sample chamber should be of open construction with rectangular
electrodes similar to the chamber described in the Instrument Society of
America report (1973). This chamber uses stainless steel bars approximately
14 by 14 mm and 100 mm long, placed approximately 12.5 mm apart (Figure
C-l). The exact dimensions of the cell are not crucial. Smaller cells are
not recommended because they are difficult to fill and clean. A rectangular
cell is recommended because it is simpler to construct than a cell made from
concentric tubes and because calculations of resistivity can be made more
easily. The open, rectangular cell construction also may be filled and
cleaned with less difficulty.

43
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FIGURE C-l Sample chamber.

The electrodes should be mounted on a material so that the empty cell
resistance will be higher, by at least a factor of 10, than that of the cell
filled with sample. Any metallic mounting screws should be recessed or
countersunk to avoid shunting effects of table tops, etc., during measure­
ment.

The dimensions of the cell are not standardized (i.e., they are left to
the discretion of the laboratory making the resistivity determination).
Direct-current measurement is recommended to avoid possible complications of
capacitance effects. The measurement of resistance can be carried out with
any convenient instrumentation suitable for resistance measurement in the
range of 104 to lOll ohms, depending upon specific cell dimensions. The
method of resistance determination may be based either on voltage and
current measurement or use of a dc ohmmeter. If voltage and current are
measured, the internal resistance of the voltmeter or ohmmeter must be
considered in calculating the cell resistance. (Note the following
exception. If metallic dusts with oxidized surfaces are being measured the
voltage gradient applied to the cell should be higher than the highest
voltage gradient to which the dusts may be exposed in use (see page 7».

Preparation of Dust Sample

The sample should be dry sieved through a 200-mesh sieve to exclude
large particles and should be representative of dust that may deposit on the
surface of electrical apparatus. No drying or other pretreatment of the
sample is required, however, if drying is necessary to facilitate sieVing,
the sample should be allowed to equilibrate at ambient humidity for at least
24 h. For tr~s purpose, the sample should be exposed in a thin (less than 6
mm) layer.



45

Procedure

The procedure involves the following steps:

1. The resistance, Ra, of the empty sample chamber should be
measured.

2. The dust should be poured into the sample chamber and the sample
chamber tapped several times to settle the dust. Excess dust should be
removed by running a straightedge along the top of the sample chamber. If
the dust does not remain in place at the ends of the sample cell, tape may
be used to keep the dust in place. If tape is used, the measurement of Rc
should be made with tape in place.

3. The resistance, Rs ' of the filled sample chamber should be
measured.

4. If Rc is greater than 10 Rs ' dust resistivity should be
computed from the equation:

P R HW
s

L

where H, W, and L are cell dimensions in em (see Figure C-l), Rs is
measured resistance of the sample-filled cell in ohms, and is resistivity
of the dust sample in ohm-em.

5. If Ro is less than 10 Rs ' dust resistivity should be computed
from the equation:

P Rs Ro • HW

R -R L
o s

VALIDATION OF TEST METHOD

Since there is no data base for the recommended test method for
determining electrical resistivity of dust, two panel members constructed
three different test cells and tested four dusts (cornstarch, powdered
sugar, activated charcoal, and powdered graphite) under various conditions
to validate the method. Except for some differences in treatment before the
test, the dust samples were the same. The results obtained are given in
Table C-l.

The results of the recommended method might be considered subject to
excessive error when compared to the well-controlled laboratory
experiments. However, the intent of the testing is to be able to group
dusts of similar resistivity. Data in ISA-S12.10 of the Instrument Society
of America (1973) and the panel's tests do not indicate that the effect of
moisture, aging, testing, test voltage, etc., are likely to be sufficiently
great to cause misclassification of dusts.
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TABLE C-l Resistivity of Test Dusts Under Various Conditions

Dust Resistivity, ohm-cm

As Received

Cornstarcha

Powdered sugarb

Activated charcoalc

Graphited

Cornstarcha

Powdered sugarb

Activated charcoalc

Graphited

Moisture f

Cornstarcha

Powdered sugarb

Activated charcoalc

Graphited

Test Ce 11 1

6 x 1014

1.2 x 104

103

4 x 1012

2 x 103

6 x 108

7 x 107

6 x 103

Test Cell 2

2 x 1011

g

g

4 x 103

7 x 1010

6 x 106

7 x 103

8 x 102

Test Cell 3

g

g

g

g

g

g

g

g

NOTE: On Test Cell 3 only, voltage varied 10 to 1000 volts dc for
cornstarch and powdered sugar. Test Cells 1 and 2, testing cornstarch
and powdered sugar, used General Radio No. l644A Megohm Bridge at 500
volts dc; Test Cells 1 and 2, testing activated charcoal and graphite,
used Fluke digital ohmmeter. Test Cell 3, testing charcoal and graphite,
used Triplett multimeter.

a
b
c

d
e
f

g

Argo "pure cornstarch."
Domino "confectioners 10-X powdered sugar.
Apache Chemicals No. 1599 carbon powder, activated decolorizing, Lot
No. 10077.
Wickes Engineered Materials No. 205 "lubricating graphite."
Dried in dessicator at least 24 h.
Stored over water in closed container at room temperature at least 24
h.
Not tested.
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APPENDIX D

D~STS WITH CLOUD IGNITION TEMPERATURES LOWER THAN
THEIR LAYER IGNITION TEMPERATURES

Bureau of
Report of
Reference
Number

Mines
Investigatiol".s

Line Number
in Reference Material

Ignition Temperature, OC
Cloud Layer

6
8
8
8

8
8
4
4

4
4
4

4
4
4
4
4
5
5
5
5
5
5
5
5
5
5

5
5
5
5
5
5
5
5
5
5
5
5
5
5
7
7
7
7
7
7
7
7
7
7
7

7

7
7

7

3
3
3

59
9

59
70
88

149
60
93

122

143
182 & 183
201
208
228
273

1
5
6
7
8

12
29
33
35
84

123
124

167
176

77
190
194
1~5

202
204
205
241
249
266
2131
311

4
7

44
55
56
61
63
77
83

101
112

132
140
171
174

178
179
180

Asphalt, blown petroleum resin
Dextrin, USP
Detergent
Soap powrler
Anthracene and potassium perchlorate
Aluminum
Monoch1orotrif1uoroethy1ene polymer
Styrene-hydrocarbon monomer copolymer
Vinyl mu1tipo1ymer containing monomeric

viny1idene cyanide
Urea-formaldehyde molding compound
Phenol-formaldehyde derivative
Gu."', manila
Sodium resinate
Styrene-maleic anhydride copolymer
Para oxybenza1dehyde
Aluminum. atomized
Alumin~m, atomized
Aluminum. atomized
Aluminum. atomized
Aluminum. atomized
Aluminum. atomized
Aluminum, atomized
Aluminum, atomized
A1uminu.~, atomized
Aluminum, fluid milled
Iron, carbon reduced
Iron. carbon reduced

~nganese, electrolytic
Silicon. milled
Silicon
Thorium
Titanium
Titanium
Titaniun
Titanium, hydride
Titanium, hydride
Aluminum-iron alloy
Aluminum-magnesium alloy. milled
Calcium silicide
Ferrotitanium, low carbon
Manganese ore, sulfide
Aluminum acetate
Benzoic acid
Stearic aci<l.
Sulfur
Sulfur
A1ky1ary1su1fonate, sodium
1unino acids
2-Amino-5-nitrothiazo1e
Duamycin fermentation rnsidue
Vitamin 8 2 powder
Diazotized meta-nitro-para toluidine

coupled with beta naphthol
8enzethonium chloride
Dich1orodipheny1trichloroethane (DDT)

Sodium 2.4-dich1orophenoxyethy1 sulfate
3,4.5,6-Tetrahydro-3,5-dimethyl-2H-1,3,5-

thiadiazine-2-thione
Sucrose, chemically pure
Sugar. powdered
Sugar, raw, light brown

510
410
540
430
530
550
600
460
500

490
460
360
380
470
380
650
550
700
640
640
790
830
700
700
550
450
450
450
780
R50
270
330
470
380
440
480
870
430
690
370
330
560
560
420
210
190
540
670
400
550
500
380

380
650
580
310

420
370
350

550
440
570
600
700
660
720
470
510

530
480
390
480
490
430
760
840
740
770
750
860
900
830
900
630
500
530
470
950
900
280
510
480
660
500
540
900
480
800
400
350
640
680
440
260
220
570
700
410
600
510
410

410
700
600
330

470
400
460
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