
FR
O

M
 T

H
E 

A
R
CH

IV
ES

Find Similar Titles More Information

Visit the National Academies Press online and register for...

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National 
Academies Press.  Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy 
of Sciences. 

To request permission to reprint or otherwise distribute portions of this
publication contact our Customer Service Department at  800-624-6242.

Copyright © National Academy of Sciences. All rights reserved.

Instant access to free PDF downloads of titles from the

10% off print titles

Custom notification of new releases in your field of interest

Special offers and discounts

NATIONAL ACADEMY OF SCIENCES

NATIONAL ACADEMY OF ENGINEERING

INSTITUTE OF MEDICINE

NATIONAL RESEARCH COUNCIL

This PDF is available from The National Academies Press at http://www.nap.edu/catalog.php?record_id=21343

Pages
43

Size
8.5 x 11

ISBN
0309360617

Classification of Combustible Dusts in Accordance 
With the National Electrical Code:  Report of the 
Panel on Classification of Combustible Dusts of the 
Committee on Evaluation of Industrial Hazards 
(1980) 

Panel on Classification of Combustible Dusts; National 
Materials Advisory Board; Commission on 
Sociotechnical Systems; National Research Council 

http://www.nap.edu/catalog.php?record_id=21343
http://www.nap.edu/related.php?record_id=21343
http://www.nap.edu/catalog.php?record_id=21343
http://www.nas.edu/
http://www.nae.edu/
http://www.iom.edu/
http://www.iom.edu/


NATIONAL RESEARCH COUNCIL 
COMMISSION ON SOCIOTECHNICAL SYSTEMS 

NATIONAL MATERIALS ADVISORY BOARD 

Dr. George S. Ansell 
Dean, School of Engineering 
Rensselaer Polytechnic Institute 
Troy, NY 12181 

Dr. H. Kent Bowen 
Professor, Ceramic and Electrical 

Engineering 
Massachusetts Institute of Technology 
77 Massachusetts Avenue 
Cambridge, MA 02139 

Dr. Van L Canady 
Senior Planning Associate 
Mobil Chemical Company 
150 E. 42nd Street, Room 746 
New York, NY 10017 

Dr. George E. Dieter, Jr. 
Dean, College of Engineering 
University of Maryland 
College Park, MD 20742 

Dr. Joseph N. Epel 
Director, Plastics Research and 

Development Center 
Budd Corporation 
356 Executive Drive 
Troy, Ml 48084 

Dr. Larry L Hench 
Professor and Head 
Ceramics Division 
Department of Materials Science 

and Engineering 
University of Florida 
Gainesville, FL 32601 

Dr. Robert E. Hughes 
Professor of Chemistry 
Executive Director, Materials 

Science Center 
Department of Chemistry 
Cornell University 
Ithaca, NY 14850 

(1/18/80) 

Chairman: 

Mr. William D. Manly 
Senior Vice President 
Cabot Corporation 
125 High Street 
Boston, MA 02110 

Past 
Chairman: 

Mr. Julius J. Harwood 
Director, Materials Science 

Laboratory 
Engineering and Research Staff 
Ford Motor Company 
P. 0. Box 2053 
Dearborn, MI 48121 

Members 

Dr. John R. Hutchins III 
Vice President and Director of 

Research and Development 
Technical Staff Division 
Corning Glass Works 
Sullivan Park 
Corning, NY 14830 

Dr. Sheldon E. lsakoff 
Director, Engineering Research and 

Development Division 
E. I. DuPont de Nemours & Co., Inc. 
Wilmington, DE 19898 

Dr. Frank E. Jaumot, Jr. 
Director of Advanced Engineering 
Delco Electronics Division 
General Motors Corporation 
P. 0. Box 1104 
Kokomo, IN 46901 

Dr. James W. Mar 
Professor, Aeronautics and 

Astronautics 
Building 33-307 
Massachusetts Institute of Technology 
Cambridge, MA 02139 

Dr. Frederick T. Moore 
Industrial Advisor 
Indu trial Development and 

Finance Department 
World Bank 
1818 H Street, N.W., Room D422 
Washington, DC 20431 

Dr. R. Byron Pipes 
Director, Center for Composite 

Materials 
Department of Mechanical and 

Aero pace Engineering 
University of Delaware 
Newark, DE 19711 

Dr. John J. Schanz, Jr. 
Senior Specialist 
Congressional Research Service-ENR 
Library of Congress 
Washington, DC 20540 

Dr. Arnold J. Silverman 
Professor, Department of Geology 
University of Montana 
Missoula, MT 59801 

Dr. Dorothy M. Simon 
Vice President and Director 

of Research 
A VCO Corporation 
1275 King Street 
Greenwich, CT 06830 

Dr. William M. Spurgeon 
Director, Manufacturing and 

Quality Control 
Bendix Corporation 
24799 Edgemont Road 
Southfield, MI 48075 

Dr. Roger A. Strehlow 
Professor, Aeronautical and 

Astronautical Engineering 
University of Illinois at Urbana 
101 Transportation Building 
Urbana, IL 61801 

Dr. Michael Tenenbaum 
1644 Cambridge 
Flossmoor, IL 60422 

Dr. William A. Vogely 
Profes or and Head, Department 

of Mineral Economics 
Pennsylvania State University 
University Park, PA 16802 

Dr. Albert R. C. Westwood 
Director, Martin Marietta Labs 
Martin Marietta Corporation 
1450 South Rolling Road 
Baltimore, MD 21227 

NMAB Staff 
W. R. Prindle, Executive Director 
R. V. Hemm, Executive Secretary 

Copyright © National Academy of Sciences. All rights reserved.

Classification of Combustible Dusts in Accordance With the National Electrical Code:  Report of the Panel on Classification of Combustible Dusts of the Committee on Evaluation of Industrial Hazards
http://www.nap.edu/catalog.php?record_id=21343

http://www.nap.edu/catalog.php?record_id=21343


BIBLIOGRAPHIC DATA 11. RfOe~rt_No. 
SHEET NMAB 353-3 

3. Recipient's Accession No. 

14. T ttle and Subutle s. Report Date 

Classification of Combustible Dusts 
with The National Electrical Code 

in Accordance June 1980 
6. 

7. A uthor(s) 8. Performing Organization Rept. 
Committee on Evaluation of Industrial Hazards No. 

9. Performing Organization Name and Address 

National Materials Advisory Board 
National Academy of Sciences 
2101 Constitution Avenue, N.W. 
Washington, DC 20418 

12. Sponsoring Organization Name and Address 

10. Project/Task/ Work Unit No. 

11. Contract/Grant No. 
J-9-F-5-0070-
210-78-0120 

Occupational Safety and Health Administration 
National Institute of Occupational Safety and 
Health 

13. Type of Report & Period 
Covered 

Figrl3Report; 3 
14. 

15. Supplementary Notes 

16. Abstracts 

Combustible dusts are classified using the grouping of the 1978 
National Electrical Code, based on judgments of resistivity. Combustion 
properties of the dusts were also included in reaching the recommended 
classifications. A new classification scheme is proposed in which 
Group F is eliminated and dusts are classified on the basis of electri­
cal resistivity, and of ignition sensitivity and explosion severity 
into Groups E and G. 

17. Key Words and Document Analysis. 17a. Descriptors 

Dusts 
National Electrical Code 
Ignition Sensitivity 
Explosion Severity 
Electrical Resistance 

17b. Identifiers/Open-Ended Terms 

17c. COSATI Field/Group 

18. Availability Statement 

This report has been approved for public 
release and sale; its distribution is 
unlimited. 

19. Security Class (This 
Report) 

•UNC LASSIF lED 
120. Secumy Class (This 

Page 
UNCLASSIFIED 

.. O .. M NTIS• 3!1 IR E V. 3 · 721 
THIS FORM MAY BE REPRODUCED 

21. No. of Pages 

29 
22. Price 

US C OMM• OC I"D!I2·P7 2 

Copyright © National Academy of Sciences. All rights reserved.

Classification of Combustible Dusts in Accordance With the National Electrical Code:  Report of the Panel on Classification of Combustible Dusts of the Committee on Evaluation of Industrial Hazards
http://www.nap.edu/catalog.php?record_id=21343

http://www.nap.edu/catalog.php?record_id=21343


HD7264.D8 N38 1980 c. I 
Classification of combustible 
dusts in accordance with 
the national electrical code 

Copyright © National Academy of Sciences. All rights reserved.

Classification of Combustible Dusts in Accordance With the National Electrical Code:  Report of the Panel on Classification of Combustible Dusts of the Committee on Evaluation of Industrial Hazards
http://www.nap.edu/catalog.php?record_id=21343

http://www.nap.edu/catalog.php?record_id=21343


(I 
,-
:classification of Combustible Dusts in Accordance 
L-

with 

The National Electrical Cod~ 

~ ,,. ~;_ Report of the 1 

fPa~el on Classification of Combustible Dust~ o;_ the 
[committee on Evaluation of Industrial Hazard~ 

ul2. '-~ 

Gt 1 National Materials Advisory Board 
) Commission on Sociotechnical Systems <-,;,:: ) 

National Research Council 
u,,:; - -

Publication NMAB 353-3 
National Academy of Sciences 

Washington, D.C. 
1980 

~--· 

LIBRARY 

Copyright © National Academy of Sciences. All rights reserved.

Classification of Combustible Dusts in Accordance With the National Electrical Code:  Report of the Panel on Classification of Combustible Dusts of the Committee on Evaluation of Industrial Hazards
http://www.nap.edu/catalog.php?record_id=21343

http://www.nap.edu/catalog.php?record_id=21343


8:) . (Jn~ 

c,l 

NOTICE 

The project that is the subject of this report was 
approved by the Governing Board of the National Research 
Council, whose members are drawn from the Councils of the 
National Academy of Sciences, the National Academy of 
Engineering, and the Institute of Medicine. The members 
of the committee responsible for the report were chosen 
for their special competence and with regard for appro­
priate balance. 

This report has been reviewed by a group other than 
the authors according to procedures approved by a Report 
Review Committee consisting of members of the National 
Academy of Sciences, the National Academy of Engineering, 
and the Institute of Medicine. 

This study by the National Materials Advisory Board 
was initiated under Contract No. J-9-F-5-0070 with the 
Occupational Safety and Health Administration and continued 
under Contract No. 210-78-0120 with the National Institute 
of Occupational Safety and Health. 

This report is for sale by the National Technical 
Information Service, Springfield, Va. 22151. 

Printed in the United States of America. 

\I 
\ ' 

v (';der from 
ki~::Jr.a! T;; ch:~ic;JI 

I r, f ar1:i<• tion Service, 
Springfield, Va. 

221st y~~o _ JC\5"46"(p 
Dr®f~D. ; 

ii 

Copyright © National Academy of Sciences. All rights reserved.

Classification of Combustible Dusts in Accordance With the National Electrical Code:  Report of the Panel on Classification of Combustible Dusts of the Committee on Evaluation of Industrial Hazards
http://www.nap.edu/catalog.php?record_id=21343

http://www.nap.edu/catalog.php?record_id=21343


PREFACE 

The Occupational Safety and Health Administration (OSHA) 
of the u.s. Department of Labor requested that the Com­
mittee on Evaluation of Industrial Hazards of the National 
Research Council classify certain combustible dusts of 
interest to OSHA in accordance with the classification 
groups in Article 500 of the National Electrical Code. 
These combustible dusts are listed on pages 3-107 through 
3-114 in the 14th edition of the Fire Protection Handbook 
issued by the National Fire Protection Association. 

In order to fulfill OSHA's request, the committee 
established the Panel on Classification of Combustible 
Dusts. 

This is the third in a series of three reports, the 
first (NMAB 353-1) being directed toward the classifica­
tion of certain chemicals based on physical and flammabil­
ity data and the second (NMAB 353-2) being concerned with 
the methodology for testing dusts. 

Table 1 in this report contains physical and combusti­
bility data for the dusts of interest, along with the 
classification groups assigned by the panel.* In addition, 
a new dust-classification scheme is proposed and described. 

* In this report, mixed units (metric and U.S. customary) 
are used because numbers are quoted from other documents 
and equipment has been built according to a given system 
of units. 

iii 
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Homer w. Carhart, Chairman 
Committee on Evaluation of 
Industrial Hazards 
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Combustible Dusts 
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Chapter 1 

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. 1 Since that time, dust 
explosions have also occurred persistently in a wide vari­
ety of other industries, including agriculture, mining, 
chemicals, and plastics. The possibility of such explo­
sions is often unrecognized because the parent material 
in bulk form presents little or no explosion hazard. How­
ever, the same material in the form of a dispersible dust 
can increase the hazard significantly. 

The present National Electrical Code (NEC) maintains 
the practices of many previous code editions with regard 
to classification of dusts and to specified operating 
temperatures of electrical equipment. Dusts have been 
classified in general terms, such as agricultural, carbona­
ceous, and metallic. Selection and installation rules for 
electrical equipment recognize the electrically conductive, 
semiconductive, and nonconductive properties of these 
dusts in Groups E, F, and G, respectively. However, these 
properties are not quantified. 

The Occupational Safety and Health Administration (OSHA) 
of the u.s. Department of Labor requested that the National 
Academy of Sciences classify combustible dusts of commerce 
according to the classification structure of the NEC, 
Article 500 (NEC 500) of the National Fire Protection 
Association (NFPA) (NFPA 70, 1978), using available physi­
cal and chemical properties pertaining to combustibility. 
OSHA specifically desired the establishment of suitable 
criteria for categorizing various dust atmospheres, includ­
ing those not previously considered in the NEC groupings. 
It was decided that combustible dusts should be classified 

1 
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based on their known or easily determined physical, chemi­
cal, or combustibility properties rather than on exhaustive 
physical testing of unclassified dusts to determine combus­
tion and explosion properties. 

To comply with OSHA's request, the Panel on the Classi­
fication of Combustible Dusts was established. This report 
has been prepared by the panel and has been reviewed and 
approved by the parent Committee on Evaluation of Industrial 
Hazards. The panel assigned classifications to dusts, us­
ing the grouping of the 1978 NEC, based on judgment of 
resistivity. Combustion properties of the dusts were also 
included in reaching the recommended classifications. The 
panel also proposed a new classification scheme in which 
Group F is eliminated and dusts are classified on the basis 
of electrical resistivity, and of ignition sensitivity and 
explosion severity into Groups E and G. The resistivity 
of the dust is determined by the method d~scribed in the 
second report of this series, NMAB 353-2. 

CLASSIFICATION OF DUSTS IN ACCORDANCE WITH THE 1978 
NATIONAL ELECTRICAL CODE 

Background 
' 

The present NEC concept used in grouping combustible 
dusts is shown as Figure 1. The dusts are divided into 
three groups. The first is Group E, metals; the second 
is Group F, carbonaceous dusts; and the third is Group G, 
consisting of other dusts, such as grains. 

Classification by Resistivity 

The present code provides no guidance in designating 
the Groups E, F, and G in accordance with any physical 
parameters. If the present groups are retained, the panel 
proposes that E, F, and G be classified according to 
measured electrical resistivity values of the dust or the 
parent material (see NMAB 353-2, Item D, p. 32), as appro­
priate. 

The panel proposes that boundary limits be assigned 
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Combustible 

Conductive Semiconductive Nonconductive 

Group E Group F Group G 

FIGURE 1 Classification of Dusts According to the 1978 
NEC 500 groups. 

The code states that Group E consists of metal 
dust, Group F, of carbon black, charcoal, coal, 
or coke having more than 8 percent volatiles, 
and Group G, of flour, starch, or grain dust. 
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for defining the classifications E, F, and G as follows: 

Group E, p < 10 2 ohm-em, 

Group F, 102 < p < 10 8 ohm-em, -
Group G, p > 10 8 ohm-em. 

where p, the resistivity or specific resistance, is defined 
as the electrical resistance of a material of unit cross 
section and of unit length. 

Existing information3indicates that few materials 
have resistances within the lO~to-108-ohm-cm limits. 

PROPOSED NEW CLASSIFICATION OF DUSTS 

The panel proposes that future classifications be made 
as outlined in Figure 2. The proposal separates dusts 
into two rather than three groups, in effect eliminating 
Group F. Group F is considered unnecessary and undesirable 
in the proposed new classification scheme because, first, 
Group F now includes dusts with electrical resistivities 
both greater and less than the proposed dividing line 
between conductive and nonconductive combustible dusts and, 
second, the proposal changes the dust ignition temperature 
from a criterion for classification of combustible dusts 
into groups to one for installation and operation of equip­
ment. 

The first point to consider in classification is to 
determine whether a dust is an oxidizer, an explosive, 
or a pyrophoric material: noncombustible: or combustible. 
If the dust is considered an oxidizer, explosive, or pyro­
phoric material it may possess characteristics that require 
safeguards beyond those required for atmospheres in which 
Class II equipment can be used and the electrical equip­
ment designed for Class II locations shall not be utilized 
without further testing or evaluation. (Electrical equip­
ment for Class II locations is equipment conforming to 
the requirements of NEC 500 for installation in locations 
made hazardous by the presence of combustible dust.) 
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Dust 
I 

(a) Oxidizers, explosives, (b) Noncombustible (c) Combustible 
and pyrophoric materials I 

I I I 
(d) Insufficient information~ (e) Ignition sensitivity (f) Ignition sensitivity 

Ignition sensitivity and 
explosion severity unknown 

or 

Explosion severity <0.5 and 
ignition sensitivity unknown 

~ 

Ignition sensitivity <0.2 and 
explosion severity unknown 

(g) Conductive. 

<0.2 and explosion 
severity <0.5. 
Weak explosion hazard 
(general-purpose electri-
cal equipment) 

Resistivity ~105 ohm-em 

Group E 

~.2 ~ explosion 
severity ~.5. 
Appreciable explosion 
hazard (requires electri­
cal equipment suitable 
for Class II locations) 

(h) Nonconductive. 

Resistivity >105 ohm-em 

Group G 

aTreat as (f): group classification based on resistivity or on best judgment of the panel. 

FIGURE 2 Proposed New Scheme for Classification of Dusts 

V1 
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If the dust is determined to be noncombustible, elec­
trical equipment suitable for Class II locations is not 
required. 

If the dust is combustible, one first determines 
whether there is adequate information regarding the dust. 
If data on ignition sensitivity and/or explosion severity* 
are insufficient or not available, the dust is placed into 
the category of insufficient data. It would be necessary 
to run tests on these dusts ·to obtain data on ignition 
sensitivity, explosion severity, or both before proceeding 
to categorize the dusts with respect to relative hazard.t 

A dust that has an ignition sensitivity less than 0.2 
and an explosion severity less than 0.5 should be consid­
ered a weak explosion hazard and therefore should not re­
quire 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 should 
require electrical equipment suitable for Class II hazard­
ous locations. Test procedures for quantifying ignition 
sensitivity and explosion severity are described in 
Appendix A. The value of ignition sensitivity for each 
dust is shown in column 1 of Table 1. Explosion severity 
is listed in column 2. The factors used in calculating 
explosion severity, namely, maximum explosion pressure 
and maximum rate of pressure rise, are given in columns 
3 and 4, respectively. The factors used in calculating 
ignition sensitivity, namely, cloud ignition temperature, 
minimum ignition energy, and minimum explosion concentra­
tion, are given in columns 5, 7, and 8, respectively. The 
values in the table are the best available but may depend 
on sample and test conditions. 

* See Appendix A for definitions of these terms. 

t If ignition sensitivity data and/or explosion severity 
data are not available, a dust can be assigned a group 
classification based on resistivity data. The classifi­
cation will err on the side of safety because the dust 
may not present an explosion hazard requiring Class II 
equipment. 
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Correlation of the indices with relative degrees of 
hazard is shown in Table 3 in Appendix A. 

A dust having a resistivity less than or equal to 105 
ohm-em should be classified as Group E. A dust having 
a resistivity greater than 105 ohm-em should be classified 
as Group G. 

CLASSIFICATION OF VARIOUS DUSTS 

OSHA requested that the panel classify dusts accord­
ing to the NEC. The materials considered are listed in 
Table 1, which was taken from Table 3-8A of the Fire 
Protection Handbook, 14th edition. 

Column 9 of Table 1 lists the classifications of 
these materials according to the 1978 NEC. The last 
column of Table 1 lists classifications according to the 
recommended scheme described above. 

It is recognized that the materials tabulated in 
Table 1 do not include all 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. 

Copyright © National Academy of Sciences. All rights reserved.

Classification of Combustible Dusts in Accordance With the National Electrical Code:  Report of the Panel on Classification of Combustible Dusts of the Committee on Evaluation of Industrial Hazards
http://www.nap.edu/catalog.php?record_id=21343

http://www.nap.edu/catalog.php?record_id=21343


8 

TABLE I Classification of Dusts by National Electric Code" 
-· - - · - ------- -

MIX. Rat~ lpition Min. 
Ma•. of Temperature Cloud Min. NEC 

lpition hplc> E•plolion Preaure lpition E•ploslon Clasaificatlon 
Senli· lion Pre•ureb Rlte/1 Cloud Layer Enefl)' Concentration 

Type of Dust tlvlty Severity (pU,) (pll/sl rc> rc> {J) (oz/cu ft) 1978 Recommended 

1. ~k:ultur•l Dum 
Alfalfa meal 0.1 l.l" 66 1.100 460 200 0.32 0.100 G G 
Almond lhtU 0.9 0.3 72 800 440 200 0.08 0.065 G G 
Apricot pit 1.6 1.2 94 2.500 440 230 0.08 0.035 G G 
CeUulo• 1.0 2.8 119 4.500 480 270 0.080 0.055 G G 
CeUulo•. alpha 2.7 4.4 106 8.000 410 300 0.040 0.045 G G 
Cellulo•. flock. fine cut •. 5 3.8 103 7,000 420 260 0.035 0.055 G G 
Cereal1ras.• <0.1 0.1 52 soo S50 220 0.80 0.20 G d 
Cherry pit 2.0 2.2 104 4,000 430 220 0.08 0.03 G G 
Cinnamon 2.S 2.3 114 3,900 440 230 0.03 0.06 G G 
Citrus peel 1.1 0.9'" Sl 1.200 490 270 0.06 0.06 G G 
Coca bean lheU 3.6 3.8'" 69 3,300 470 370 0.03 0.04 G G 
Cocoa natural. 19'l- fat o.s u< 53 1.200 510 240 0.10 O.o75 G G 
Coconut sh~U 2.0 2.1 97 4 ,200 470 220 0.06 0.035 G G 
Coffer. raw bean 0.1 0.1< 33 ISO 6SO 280 0.32 0.15 G d 
Cofl"<<. fully routrd 0.2 0 . 1'" 38 150 720 210 0. 16 0.085 G G 
Coil~. on<tont >pray-dried 0.1 44 soo 410 3SO • 0.28 G d 
Corn 23 3.0 95 6.000 400 250 0.04 0.055 G G 
Cornn>l> Jrit 2.2 1.8 110 3.100 450 240 0.04S 0.04S G G 
Corn dr~trinc. putt' 3.1 3.9 lOS 7,000 400 mJf 0.04 0.04 G G 
Comstar.h. comm<rcoal product 2.9 4.0 108 7,000 380 nof 0.04 0.04S G G 
('orn<tarrh lthru No. 32S urvr) 4.3 S.4 liS 9.000 390 35ol 0.03 0.04 G G 
Cork du<1 3.6 3.3 96 1.500 460 210 0.03S O.o35 G G 
Cotton linter. raw <11.1 <0.1 48 ISO 520 1.92 o.so G d 
Cottonlftd m~al 1.4 1.2 104 2.200 470 200 0.06 o.os G G 
Cube root , South Ameri,·an 2.1 2.4< 69 2.100 470 230 0.04 0.04 G G 
~-- Vihlt< <11.1 0.2 S8 soo 610 0.64 0.14 G d 
Hush~>< 07 03 81 800 430 230 0.08 0.08 G G 
(;arlk. dehydrar~ 11.2 1.2'" 51 1.300 360 0.24 0.10 G G 
lira1n dust. Vtlnttr v.·hcat . 

.. ·orn. 04h 2.8 l3 liS s.soo 430 230 0.03 o.oss G G 
ttrn .. , U"t"d , hlut II. I II. I'" 24 200 490 180 0.26 0.29 G d 
Guar'<'<d 1.7 1.4< 70 1.200 soo 0.06 0.04 G G 
Gum.arabk· 0. 7 1.6'" f>S I.SOO soo 260 0.10 0.06 G G 
lium. k~r;~~a 02 1.~' 80 1.100 S20 240 0.18 0.10 G G 
c.;um . ,.hmiJ h·or .. n "2 29' 1>3 2.800 360 39of 0.03 O.o3 G G 
(Jum. ttaJ.a\.'anth 23 30' 78 2.400 490 260 0.04S 0.04 G G 
Hemp l>unl 3.1 S4 103 10.000 440 220 0.03S 0.04 G G 
l)..:''f"~hum 4.2 37' 7S 3.100 480 310 0.04 0.025 G G 
Nah b.uln 2.6 2 I 92 4.400 400 2SO 0.035 0.055 G G 
Mdk. slumm,-.1 If> 09 83 2.100 490 200 0.05 0.05 G G 
Nou.lnsh <:0.1 12 300 480 230 

, 
~ G d 

Onoon. deh) drar~ <0.1' 18 100 410 0.13 G d 

~. n''"' I 8 2.1'' 1>8 1.900 560 260 0.04 0.05 G G 
~~--~·pol V.rll 3.1 2.3 98 4 .400 440 210 0.05 O.ol G G 
~anut hull 19 20 82 4.700 460 210 o.os 0.045 G G 
~at. >pl\aJnum suiHintd 1.9 2.0 87 4,400 460 240 0.05 0.045 G G 
~an-nut sh<U 3.1 2.4 106 4.400 440 210 0.05 0.03 G G 
~lin 1 hom 'round dned 

applt pulp I 1.9 4.7 112 8.000 410 200 0.035 0.015 G G 
Pollio star<"h. dt\trtnal~ 4.1 4.1 97 8.000 440 0.025 0.045 G G 
l'y ... lhrum. '"'"nci n., ..... 

kl\'f'S OS 0.6 82 1.500 460 210 0.08 0.10 G G 
Re-.wolt1a \omltona f'O\lt 1.9 4.2 106 7.500 420 230 0.045 0.05S G G 
Ro.'< 1.8 1.3 93 2.6!1(1 440 220 o.os 0.05 G G 
Ro.-.l>ran II 1.3" 61 1.300 490 008 0.04S G G 
R~huU l.b I 7 90 3.1>00 450 220 o.os 0.05S G G 
Salllo~r mral 3.2 I 3 84 2.900 460 210 0.1125 0.055 G G 
So, flour O.f> 1.1' 79 8110 S40 190 0. 10 0.06 G G 
So) Ph.lt~ta 1.2 3.3 96 6.SOO 520 260 0.05 0.03S G G 
su.:.__.~ .... lh P""' 1.1 2.9'" 71 2.SOO 420 41of 0.10 0045 G G s...,.. 4.1 1.11'" {){) 1.800 350 46ol 0.04 0.03S G G 
Supr.po"'*ml 4.0 2.4 91 5.000 370 40of 0.03 0.045 G G 
Tu. •nstaal. >pra)-<l.....t <0.1 30 2SO 580 340 r ~ G d 
T•>t>.n·o•t"trll <0. 1 7 200 420 230 

, , 
G d 

Tunttktmels.. '"' ·hff 0.2 2.3" 74 1.9110 S40 240 0.24 0.07 G G 
"olntll !lwll. Na...t. HI 1.7 97 )..\II(\ 4~0 220 o.os 0 .03 G G 
"M~t. untru...t 1.0 1.9 103 3.1>00 soo 220 0.(1{) 0.065 G G 
"loattlotll 1.1 1.8 95 3.700 380 360 O.OS 0.05 G G 
...,_1 .... - . ,.... 1.0 52!1 0 .08 0.05 G GtA 
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TABLE 1 Cluaiflcation of Dusts by National Electric Code" (Continued) 

Max. Rate I pili on Min. 
Mu. or Temperature Cloud Min. NEC 

lpaltion ExpJo. Explolion l'le11ure lpilion Explolion Clualficatlon 

Sen II- lion Pre1111reb R~ Cloud Layer Enei:Jy Concentration 
Type orDuat tiYity Severity (psia) (pll/s) ('C) ('C) (J) (oz/cu rt) 1978 Recomrnencled 

Wheat starch. edible 4.3 3.4 100 6.500 420 0.025 0.045 G G 
Wheat starch, aUyl chloride 

treated 8.5 3.3 98 6,500 380 0.025 0.025 G G 
Wheat straw 1.6 3.1 99 6,000 470 220 0.050 0.055 G G 
Wood, birch bult, pound 3.7 1.8 98 3.500 450 250 0.060 0.020 G G 
Wood flour, white pine 3.1 3.2 110 5.500 470 260 0.040 0.035 G G 
Yeut, torula 1.6 1.4 105 2.500 no 260 0.050 0.050 G G 

2. Cubanaceous Dusts 
Chucoal, hudwood mixture 1.4 0.9 100 1,800 SJO 180 0.020 0.140 F G 
CJwcoal, activated, rrom 

Jicnite 590 370 2.oooi F Gt11 
Cuban, activated rrom 

petroleum acid sludp 760 490 F Gt11 
Gilaonite, Utah 6.9 J.S 78 3.700 580 500 O.G25 0.020 F•/ G 
Pitch, coal tar 4.0 2.8 88 6,000 710 0.020 O.Q35 F G 
Asphalt, blown petroleum 

min 2.8 2.2 as s.ooo SJO 5SO 0.040 0.035 F G 
Pitch, petroleum 2.8 1.4 71 3,800 630 O.G25 0.045 F G 
Lampblaclt no 520 F Gt11 
Cuban black, acetylene /( 900 F Gt11 
Cuban. petroleum coke and 

Gt11 pitch electrodes 870 F 
Coal, Kentuclty (bituminous) 2.2 1.8 88 4.000 600 180 0.030 0.050 F G 
Coal, Pennsylvania, Plttsbui:Jh 

(Experimental mine coal) 1.0 1.0 83 2,300 610 110 0.060 0.055 F G 
Coal, Pennsylvania (anthracite) 730 400 t ' F d 

Coke, petroleum 670 200 t.oooi F Gt11 
Graphite k 580 F Gt11 
J.Janite, canromla 5.1 3.8 90 8.000 3,0 180 0.030 0.030 F G 

3. Chemlcala 
Acetoacetanlllcle 7.6 1.9 89 4,100 440 0.020 0.030 G G 
Acetoacet-o-toluidide 

(2-methylacetoacetanWde) 710 G Gth 
Acetoacet-p-phenetidide 12 >4 .9 78 >10.000 560 0.010 0.030 G G 
Adipic acid 1.7 1.1 76 2.100 550 0.060 0.035 G G 
Anthranilic acid 3.3 1.6 77 3.900 580 0.035 0.030 G G 
Aryl nitro10 methyl amide 5.S 3.3 90 7.000 490 O.ot~ o n5o G G 
Azelaic acid 5.3 1.2 67 3,500 610 0.025 U P25 G L 
2,2' ·Azobisisobutyronitrile 12.5 4 .3 102 8.000 430 JSol 0.025 0.01 ~ G (j 

Benzoic acid 5.4 2.1 74 5.500 620 Melts 0.020 0.0.10 G G 
Benzotrluole 5.1 3.3 82 7.600 440 0.030 O.O.lu G G 
Bisphenol A 11 .8 2.5 73 6.500 570 0.015 0.020 G G 
o-ChloroacetoacetanUide 3.0 1.8 88 3,900 640 0.030 0.035 G G 
p-ChloroacetoacetanUide 4 .4 2.4 85 5.SOO I> SO 0.020 0.035 G G 
Dehydroacetic acid 10.4 3.4 82 8,000 430 0.015 0.030 G G 
Dlallyl phthalate 7.0 2.7 79 6.500 480 0.020 0.030 G G 
Dicumyl peroxide suspended 

on C.C01 (40-60) 2.7 2.5 74 6.500 S60 180 0.030 0.04S G G 
Dicyclopentadlene dioxide 10.7 3.8 85 8,500 420 0.030 O.OIS G G 
Dlmethyll10phthalate 9.3 2.9 79 7,000 580 O.otS 0.025 G G 
Dimethyl terephthalate 5.9 5.8 92 12.000 570 0.020 0.030 G G 
3,5-Dinitrobenzoic acid 1.9 2.1 92 4,300 460 0.045 0.050 G G 
Dinltrotoluamide (3,S..tinitro 

ortho toluamide) S.4 >5.6 106 >10.000 500 O.otS 0.050 G G 
Diphenyl 10.7 1.6 82 3,700 630 0.020 0.015 G G 
Ditertiary butyl para cresol 10.7 3.9 82 9,000 470 0.020 0.020 G G 
Ethyl hydroxyethyl <-eUuloiO 8.6 0.7 84 1.500 390 0.030 0.020 G G 
Fumuic acid 1.3 1.2 19 2.900 520 0.035 0.08S G G 
Hexamethylene tetramine 32.7 5.6 98 I 1.000 410 0.010 0.015 G G 
Hydroxyethyl ceUulose 4.9 1.4 106 2,600 410 0.040 0.025 G G 
lutoic anhydride 3.3 2.0 80 4,700 700 O.D25 0.035 G G 
dl-Methionine 6.2 I.S 92 3.100 370 360 O.Q35 0.025 G G 
Nitrosoamine 5 .0 8.5 125 13.000 210 0.060 O.Q25 G G 
Para oxy benzaldehyde 17.7 2.4 77 6.000 380 430 O.otS 0.020 G G 
Para phenylene diamlne (mnted) 4.3 2.1 85 4.700 620 0.030 O.Q25 G G 
Pua tertiary butyl benzoic acid 7.2 2.8 82 6.500 560 0.025 0.020 G G 
Pentaerythritol 168 4.5 90 9,500 400 0.010 0.030 G G 
Phenyl beta naphthylamine 4.7 1.5 68 4 ,300 680 0.025 0.025 G G 
Phthalic anhy~ride 13.8 1.6 72 4.200 6SO 0.015 O.ot S G G 
Pllthalimide 2.1 1.9 79 4.500 630 o.oso 0.030 G G 
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TABLE I Clasaification of Dusts by National Electric Code" (Continued) 

llftltion E~plc> 

Sensi- sian 
Type or Oust tivity Severity 

Salicylanilide 
Sorbic acid 
Steuic acid. aluminum wt 

(aluminum tristeuate) 
Steuic acid. zinc salt 

(zinc steante) 
Sulfur 
Terephthalic add 

4. Drugs 
2-Acetyiaminc>5-nitrothiazole 

2-Amino-5-nitrothiazole 

Aspirin (acetylsalicylic acid) 

Gulownic acid, diacetonc 

Mannitol 

4.1 
14.3 

33.6 

19.7 
20.2 

3.0 

0.7 

1.9 

2.4 

4.8 

1.7 

Nitropyridone 3.0 
I·Sorbose 1.0 
Vitamin B 1, mononitrate "'!. 7 

Vitunin C. ascorbic acid 1.0 

S. Dyes. Pqzments. and 
lntermedialcs 

1,4-0iamino-2, 3· 
dihydroanthraquinonc t9<Y~ ). 
1-methylaminoonthraquinonc 
(I 0%) (Violet 200 dye) 1.1 

1,4-0i-p-toluidineanthra· 
quinone (7tr. ), 
P-naphthalenc·uo-dimethyl· 
aniline (3{)?;.) (green base 
harmondye) 1.7 

1-Methylam inoan thraquinonc 
(red dye intermediate) 0.9 

ji-Naph thalene-azc> 
dimethylaniline 3.9 

6. Metals 
Aluminum, atomized collector 

lines 
Aluminum, nake, A 422 

e~ tra line lining, polished 
Antimony, mUied (9S<J Sbl 
Boron. amorphou!l, 

commercial (85% 8) 
Cadmium, atomized (98% Cdl 
Chromium. electrolytic, 

milled (97<J Cr) 
Cobalt, mUied (97.8'l Co) 
Copper. elel·trolytic. Type C 

(99.5% Cu) 
Iron. hydrOFn redul-ed 

(98'-ll·e) 
Iron, carbonyl r99'k f'e) 
Lead, atomized 199% Pb) 
Magnesium, milled. Grade B 
Manpne.., 
Nickel 
Selenium, milled 
Silicon. milled r9&<J Si) 
Tantalum 
Tellurium. cln·lrolytk 

(98',lTe) 

5.4 

7.3 
< 0.1 

> 0.7 

0.1 

0.7 
3.0 

3.0 
0.4 

< 0 I 
> 0.1 

1.4 
>4.& 

3.5 

3.4 
1.9 
2.3 

4.4 

2.8 

>4.3 

1.8 

1.2 

>58 
1.9 
3.1 

2.2 

0.9 

1.0 

1.2 

0.8 

8.7 

>10.2 
< 0.1 

1.1 

1.2 

0.4 
o.s 

7.4 
0.7 

1.1 
0.7 

Max. 
E~plolion 

Presaureb 
(pli&) 

61 
88 

88 

68 
78 
73 

93 

94 

83 

78 

82 

85 
76 
99 

88 

64 

73 

71 

70 

92 

97 
8 

90 

S& 

46 
41 

94 
48 

87 
so 

Mu. Rate 
of 
Pteasure 
Riseb 
(pli/s) 

4,400 
>10.000 

1,500 

9,500 
4.700 
6,000 

9,000 

5.600 

>10,000 

4.500 

2,800 

>10.000 
4,700 
6,000 

4,800 

2.800 

2,&00 

3,300 

2.300 

18,000 

>20,000 
100 

2.400 

4,200 

1,800 
2.400 

15,000 
2,800 

2,400 
2.600 

lpitlon 
Temperature 

Min. 
aoud 
IJIIitlon 
Ene'IY 
(J) 

Min. 
E~piOiion 
Concentration 
(oz/cu ft) 

Cloucl Layer 
('C) ('C) 

610 
470 

400 

510 
190 
680 

450 

460 

660 

420 

460 

430 
370 
360 

460 

880 

770 

830 

510 

sso 

610 
420 

470 
570 

580 
7&0 

900 

320 
320 
710 
560 
450 

k 

780 
630 

550 

Melts 
460 

Melts 
220 

Melts 

0.020 
O.QIS 

0.01 

0.010 
O.OIS 
O.o20 

0.040 

0.030 

0.025 

0.040 

0.040 

Melts 0.035 
0.080 
0.060 

280 0.060 

115 0.060 

175 0.050 

175 0.050 

175 0.050 

740 

320 
330 

400 
250 

400 
370 

0.015 

0.010 
1.920 

0.060 
4.00 

0.140 

0.040 
0.020 

O.OIS 

0.020 
0.035 
0.050 

0.160 

O.D1S 

0.050 

0.025 

0.065 

0.045 
0.065 
0.035 

0.070 

O.D35 

0.030 

o.oss 

0.020 

0.045 

0.045 
0.420 

<0.100 

0.230 

290 
310 
270 
430 
240 

0.080 0.120 

950 
300 

340 

0.020 0.105 

0.040 0.030 
0.08 0.125 

0.960 0.160 
0.120 <0.200 

NEC 
Clullficatlon 

1978 Recommendecl 

G 
G 

G 

G 
G 
G 

G 

G 

G 

G 

G 

G 
G 
G 

G 

G 

G 

G 

G 

E 

G 
G 

G 

G 
G 
G 

G 

G 

G 

G 

G 

G 
G 
G 

G 

G 

G 

G 

G 

1:: 
d 

Copyright © National Academy of Sciences. All rights reserved.

Classification of Combustible Dusts in Accordance With the National Electrical Code:  Report of the Panel on Classification of Combustible Dusts of the Committee on Evaluation of Industrial Hazards
http://www.nap.edu/catalog.php?record_id=21343

http://www.nap.edu/catalog.php?record_id=21343


11 

TABLE 1 Classification of Dusts by National Electric Code" (Continued) 

lpilion Explo-
Senli- lion 

Type of Dust livlty Severity 

Thorium (contains 1.2\l 0) 19.9 
Thorium hydride (contains 

0.94\l HI 32.3 
Tin, atomized (96% Sn. 

nPbl 0.2 
Titanium (9911\ Tl) 5.4 
Titaaium hydride (95% Ti, 

3.8'l-HI 1.0 
Tunpten. hydroeen reduced 
Uruium 37.3 
Uranium hydride 336 
Vanadium (86.4\l VI 0.3 
Zinc, condeniOd (97% Zn, 

2%Pb) < 0.1 
Zirconium. prepued from 

hydride (contain• 0.3\l 0) SOl 
Zirconium hydride (93.6%) 

Zr.2.1%H) 1.1 
7. Alloys and Compounds 

AlurniDum-cobalt alloy (6~0) 0.1 
Aluminum-copper alloy ISO-SOI 0.2 
Aluminum.Jithium alloy 

(IS% Li) 0.3 
Aluminum·m~~Miium alloy 

(Dowmetal) 2. 9 
Aluminum-nickel alloy (SJI-.42) 0.1 
Aluminum-silicon alloy (12% Sl) 1.3 
Calcium lilicide 0.4 
Ferromanpnese, medium 

cubon 0.4 
Ferrosilicon (18% Si. 9% Fe) < 0.1 
Ferrotitanium (19% Ti. 74.1% 

Fe, 0.06% C) O.S 
1. Pesticides 

Benzet~hloride 4.4 
Bis (2-hydroxy-S-chlorophenyl)-

methane I.S 
Dieldrin 20% (SO'J com-

bustible, 30% inert) 2.3 
2, 6-Di-tertiary-butyl-para-cresol 21.3 
Dlthue (zinc ethylenedithio­

c:atbarnate) 
Ferric dimethyldlthlocarba-

mate (Ferblm) S. 2 
Nanp,..vancide 0.3 
1-Naphthyl-N-methylcar-

bamate (Sevin) IS% 
(IS% inert) 18.0 

3. 4, S, 6-Tetrahydro-3. S.· 
dimethyl-2M· I. 3. s­
thiadiazine-2-thione. 
(Craa No. 974) S\1 
(95% inert) 8. 7 

o, o'·Trithiobis IN. N-
dimethylthioformamide) 3.4 
9. Thermoplutic Resins and 

Moldinf Compounds 
Group I. Acetal Resina 
Acetal, linear (polyfonnalclehyde) 6.5 
Group II. Acrylic Resina 
Methyl methacrylate polymer 
Methyl methacrylatHthyl 

acrylate copolymer 
Methyl methacrylate-ethyl 

acrylate-sty rene copolymer 
Methyl methacrya.te-sryrene­

butacJieM.acrylonilrile 
copolymer 

Methacryllc aci,; polymer, 
modified 

15.3 

14.0 

9.2 

8.4 

1.0 

0.8 

2.0 

0.3 
2.0 

6.0 

0.9 
1.5 
0.2 

< 0.1 

3.1 

3.3 

3.5 
0.9 

1.9 

4.5 
4.1 
2.9 
5.0 

1.0 
1.6 

2.6 

1.6 

0.7 

2.4 

3.9 

2.6 
1.8 

1.6 

2.0 

2.6 

1.9 

1.0 

2.7 

1.7 

1.4 

0.6 

Max. 
Explosion 
Preuureb 
(psis) 

48 

60 

37 
70 

96 

S3 
43 
48 

15 

65 

69 

78 
68 

96 

86 
79 
74 
73 

47 
87 

53 

91 

70 

82 

82 

80 
77 

72 

83 

89 

101 

85 

15 

76 

82 

Max. Rate 
of 
Preaure 
R~ 
(psi/s) 

3.300 

6.500 

1.300 
5.500 

12.000 

3.400 
6.500 

600 

200 

9,000 

9.000 

8.500 
2.600 

3.700 

10.000 
10.000 
7.500 

13,000 

4.200 
3.600 

2.200 

3.300 

2.000 

5.500 

9,000 

6,300 
4.500 

4.200 

4.000 

6.000 

4,100 

1.800 

6.000 

4.400 

3.400 

1.500 

Ignition 
Temperature 

Cloud Layer 
("C) ("C) 

270 

260 

630 
no 

480 
/c 

20 
20 

soo 

690 

20 

350 

950 
930 

470 

430 
950 
670 
540 

450 
860 

370 

380 

570 

550 

420 

480 

280 
)00 

560 

)10 

280 

440 

440 

480 

440 

480 

280 

20 

430 
SIO 

S40 
420 
100 
20 

490 

540 

190 

270 

510 
830 

400 

480 
540 

540 

290 
800 

400 

410 

180 

ISO 
120 

140 

HO 

230 

Min. 
Cloud 
lplition 
Enell)' 
(Jl 

o.oos 

0.00) 

0.080 
0.025 

0.060 

0.045 
o.oos 
0.060 

0.960 

0.005 

0.060 

0.100 
0.10 

0.14 

0.080 
0.080 
0.060 
0.150 

0.080 
0.400 

0.080 

0.060 

0.060 

0.035 

0015 

0.025 
0.280 

0.010 

0.030 

O.o35 

Min. 
Exploaion 
Coocenualion 
(OZ/CU fl) 

0.075 

0.080 

0.190 
0.045 

0.070 , 
0.060 
0.060 
0.220 

0.48 

0.04 

0.085 

0.180 
0.10 

<0.10 

0.020 
0.190 
0.040 
0.060 

0.130 
0.420 

0.140 

0.020 

O.li4S 

0.015 

0.055 
0.070 

0.020 

0.025 

0.060 

0.020 0.035 

0.015 O.Q2 

0.010 0.030 

O.o20 0.02S 

O.Q20 O.o2S 

450 290 0.1 00 0.045 

NEC 
Clulllkalion 

1971 llecommeaded 

t; 

E 

E 
E 

E 
E 
E 
E 
E 

£ 

E 

E 

E 
E 

E 

E 
E 
E 
E•/ 

G 

G 

G 

G 

G 

G 
G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

E 

E 
E 

E 
Et/t 
I 
I 

£ 

d 

E 

E 
E 

E 

E 
E 
E 
E.; 

t:oi 
Eo/ 

Eo/ 

G 

G 

G 

G 

Gth 

G 
G 

G 

G 

G 

G 

G 

G 

G 

G 
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TABLE I Classification of Dusts by National Electric Code" (Continued) 

Max. Rate lsnilion Min. 
Max . of Temperoture Cloud Min. NEC 

lpitlon bplo- Explosion Pressure lplilion Explosion Claailkallon 
Sensi- lion Preuureb Riaeb Cloud layer EnersY Concent,.tion 

Type of Dust livily Severity (Psi~ I (psi/a) rc> ro (J) (oz/cu ft) 1978 Recommenclecl 

Acrylamicle polymer 4.1 0.6 74 1,600 410 240 O.o30 0.040 G G 
Acrylonitrile polymer 8.1 2.3 89 s.ooo soo 460 O.o20 0.025 G G 
Acrylonitrile-vinyl pyridine 

copolymer 7.9 2.4 71 6.000 SlO 240 0.02S 0.020 G G 
Acrylonitrile-vinyl chloride-

vinylidene chloride 
copolymer (1~2~10) 5.9 3.0 83 7,000 6SO 210 O.OIS 0.03S G G 

Group Ill. CeUulosic Resins 
CeUulose acetate 9.1 3.7 108 6.SOO 420 340 O.OlS 0.03S G G 
CeUulose triacetate 4.S 1.9 84 4 ,300 430 0.030 0.03S G G 
Cellulose acetate butyrate 7.3 l.S 81 3.500 370 0.030 O.o2S G G 
Cellulose propionate, 0.3'J 

free hydroxyl 2.9 2.6 lOS 4.700 460 0.060 0.02S G G 
Ethyl ceUulose S- I 0 11m dust 2S.I 3.6 98 7.000 320 33of 0.010 O.D2S G G 
Methyl cellulose 9.3 3.1 99 6,000 360 340 0.020 0.030 G G 
Carboxy methyl ceUuloae. low 

viscosity, 0 . 3 to 0.4% 
substitution, acid product 0.5 2.1 114 4.500 4SO 290 0.140 0.060 G G 

Hydroxyethyl cellulose-mono 
solitum pho'l'hate sizin~ 
compound 2.1 0.8 76 1,900 390 340 0.03S 0.070 G G 

Group IV . Chlorinated 
Polyether Resins 

Chlorinated polyether alcohol 0.6 0.3 66 1.000 460 0.160 0.045 G G 
Group V. Fluorocarbon Resins 
Tetrafluoroethylene polymer 

(micronized) 670 57 of ~ G d 

Monochlorotrifluoroethylene 
polymer 600 nof ·' K G d 

Group VI. Nylon (Polyamide) 
Resin~ 

Nylon fpolyhexamethylene 
adipamidel polymer 1> .7 3.3 89 7.000 soo 430 0.020 0.030 G G 

Group VII . Pnlycarbonate Rtsins 
Polycarbonate 4 .S 1.9 78 4 .700 710 0.02S 0.02S G G 
Group VIII. Polyethylene Resins 
Polyethylene. h~h-preuure 

prol~S~ 8 .2 1.4 81 3.400 410 380 0.030 0 .020 G G 
Polyethylene. low-pre~<ure 

process 24 .0 2.2 83 s.ooo 420 0.010 0.020 G G 
Polyethylene wax. low 

molecular we~ I 7.2 0.8 74 2.100 400 oms 0.020 G G 
Group IX. Polymethylene Resins 
Carboxy poly methylene, 

re,ular 20 70 s.soo S20 0.32S G Gth 

Group X. Polypropylene Resins 
Polypropylene I contains no 

antio\idanl) 8.0 2.0 76 s.ooo 420 0.030 0.020 G G 
Group XI. Rayon 
Rayon (visco"') flock . l .S 

denier, 0.02~in. maroon 0.3 0.8 88 1.700 S20 2SO 0.240 o.oss G G 
Group XII. Styrene Polymer 

and Copolymer Resins 
Poly sty rene mold in, compound 6.0 2.0 77 s.ooo S60 0.040 O.QIS G G 
Polystyrene latex. spray.<frieli, 

contains surra..:tants 13.4 3.3 91 7.000 soo soof O.OIS 0.020 G G 
Sty rc...,_acrylonitrile 

copolymer 17()-30) 3.8 0 .5 71 1.400 soo 0.030 0.035 G G 
Styrcne-butadh:nc lat.-

..-upoly~r . owr 7S'l 
'tyrenc. alum coa,ulah:d 7.3 1.7 82 3.900 440 0.025 O.o2S G G 

Group XIII. Vinyl Polymer 
and Copolymer Resins 

Polyvinyl acetate 0.6 0.4 69 1.000 550 0.160 0.040 G G 
Polyvinyl ~<~tate/alcohol 0.9 1.2 1S 3.100 520 440 0.120 0.035 G G 
Polyvinyl butyral 25 .8 0 .9 84 2.000 390 0.010 0.020 G G 
Polyvinyl chloride. line 660 290 ~ G J 
Vinyl chloride-vinyl ••~tate 

copolym._r 690 r K G d 
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TABLE I Classification of Dusts by National Electric Code" (Continued) 

Max. Rate IJllition Min. 
Mu. of Temperature CI<.Hd t,.dn. NEC 

I,.Ution Explo- Explosion Pressure IJllition Exploalon ClauifiCation 
Sensi- sion Pressureb Riseb Cloud Layer Enell)' Concentration 

Type of Dust tivity Severity (psi&) (psi/s) ("C) ("C) (J) (oz/cu ft) 1978 Recommended 

Vinyl chioride·acrylonitrile 
copolymer. woter~mulsion 
product (6o-40) 3.1 0.6 71 1.600 S70 470 O.o2S 0.045 G G 

Vinyl chloride-ocrylonitrlle 
copolymer. water~mulsion 
product (33-67) 7.2 2.0 87 4,400 SJO 470 0.015 O.o35 G G 

Polyvinyl chloride-dioctyl 
phtholote mixture (67-33) 3.6 0.8 6S 2.300 320 o.oso 0.035 G G 

Vinylidene chloride polymer 
d molclinJ compound 900 ~ ~ G 

Vinyl ~oluene·ocrylonitrile· 

butadiene copolymer 
(58-19-23) 9.S 2.2 71 6.000 S30 0.020 0.020 G G 

10. Thermo,.,ttin~ Resins and 
Moldin(! Com~ds 

Group I. Alkyd Resins 
Alkyd moldina compound. 

mineral Oller, not oelf· 
utinpishinJ 0.2 < 0.1 IS ISO soo 210 0.120 O.ISS G G 

Group II. AUyl Resins 
AUyl alcohol derivative. 

CR·39, (from dust coUector) S.8 6 .7 106 12.000 soo 0.020 0.035 G G 
AUyl alcohol derivotive. 

CR·149-Jius fiber 
d mixture (65-3S) < 0.1 0.2 34 1.000 540 1.60 0.345 G 

Group Ill. Amino Resins 
(Melamine ond Urea) 

Melamine formoldehyde, 
unfiUed lamin .. tinatype. 

d no plasticizer 0.1 0.2 61 700 810 0.320 0.08S G 
Urea formoldehyde moldina 

compound. Gracie II. line 0.6 1.7 89 3,600 460 0.080 o.oss G G 
Urea formaldehyde-phenol 

formaldehyde moldina 
compound. wood liour liUer o.s 0.9 86 2,000 490 240 0.120 O.o7S G G 

Group IV. Epoxy Resins 
Epoxy, no catalyst. modifier, 

or additives 12.4 2.1 86 6.000 S40 0.015 0.020 G li 
J::poxy-bisphenol A mixture 3.8 o.s 68 1.500 SIO 0.035 0.030 G t; 

Group V. l·ur•n Resills 
Phenol furfural I S.2 4.0 90 8.500 SJO 310 0.010 0.025 (; (j 

Group VI. Phenolic Resins 
Phenol formaldehyde 9.3 3.9 lOS 7.000 580 0.015 0.025 G G 
Phenol formaldehyde. l·step 1.9 5.3 92 11 .000 640 0.010 0.040 G G 
Phenol formaldehyde . 2·step 13.9 4.0 89 8.500 sao 0.010 0.02S G G 
Phenol formaldehyde. 

tcm irelinous < 0.1 18 200 460 ~ 0.23S G d 

Phtnol formaldehyde moldina 
compound. wood nour 
nuer 8.9 4.7 94 9,500 500 O.OIS 0.030 G G 

Phenol formoldehyde, 
polyalkylene polyamine 
modifrcd 16.0 2.8 96 5.500 420 290 0.015 0.020 G G 

Group VII. Polyester Resins 
Polytthylene terephthalate 2.9 2.6 91 5.500 500 O.o35 0.040 G G 
Styrene modifrcd polyester· 

sJassliber mixture (65-35) 2.0 2.6 84 6.000 440 360 0.050 0.045 G G 

Group VIII. Polyurethane 
Resins (Isocyanate) 

Polyurethane foam (toluene 
diisocyanate·polyhydroxy 
with lluorocarbon blowinl 
.,ent). no lire rtt.,dant 66 1.5 84 3.400 510 440 0.020 0.030 G G 

Polyurethone foam (toluene 
diisocyonate-polyhydroxy 
with nuorocarbon blowina 
.,.nt). ftre rewdont 9.8 1.7 88 3,700 550 390 0.015 O.o25 G G 
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TABLE I Classification of Dusts by National Electric Code" (Continued) 

Type of Dull 

II . Special Relins and 
Moldlnf O>mpouncls 

Group I. Cold Molded Relins 
Petroleum resin (blown 

asphalt), repalar 

Group II. Coumuone·lndene 
Resins 

Coumuone-inclene, hard 

Group Ill. Notural Relins 
Cashew oil, phenolic:, hard 
Lipin, hydrolyzed-wood type, 

Ones 
Roain,DK 
SheUac 
Sodium relinote, dry size, 

pacle XXX 

Group IV. Rubber 
Rubber, crucle, hud 
Rubber, synthetic, hud, 

contlins 33._, sulfur 
Rubber, chlorinoted 

Group V. lltiJoelluleous 
Resins 

Alkyl ketone dbner sizina 
compouncl, dirncr dispened 
on silico (50-SO) 

Chlorinated phenol (Iris-
( 2-hydroxy ·5-chlorophenyl) 
methene) 

Ethylene oKidc polymer 
Ethylene-maleic onhydrlcle 

copolymer 
Styrene-moleic onhydride 

copolymer 
Petrin acrylate monomer, 

crude 

lpition bpi~ 

Sen• lion 
tivity Severity 

6 .3 

25.8 

6.8 

5.6 
34.4 
25.2 

2.7 

4.6 

7.0 

5.3 

t.S 
6.4 

1.0 

7.1 

10.2 

2.3 

5.4 

1.8 

2.7 
5.5 
1.4 

1.6 

1.5 

2.4 

0.7 
0.9 

0.2 

4.1 

8.7 

Max. 
hplosion 
Pre•ureb 
(paia) 

93 

85 

102 
87 
73 

eo 

93 

76 

70 
89 

51 

82 

104 

Mox. Rate 
of 
Prnsure 
Rjaeb 
(psl/s) 

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 

lpition 
Temperature 

Min. 
Cloud 

Cloud 
('C) 

510 

520 

470 

450 
390 
400 

350 

350 

320 
940 

420 

570 
350 

540 

470 

220 

lpltlon 
uyer t::neqy 
('C) (J) 

sex! o.o2s 

180 

220 

290 

160 

490 

0.010 

0.025 

0.020 
0.010 
0.010 

0.060 

0.050 

0.030 

0.030 

0.060 
0.030 

0.040 

0.020 

0.020 

Min. 
t::xploolon 
Con.:enuation 
(OI/CU ft) 

0.025 

0.015 

0.025 

0.040 
0.015 
0.020 

0.035 

0.025 

0.030 
II 

0.030 

0.040 
0.030 

0.095 

0.030 

0.045 

Nt::C 
Clulaflcation 

1978 Recommended 

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 

"Materials are from Table 3·8A. Nf1'A Fiff' l'rot~<·tiO#I Handbuulc . 14th edition. Dota In Tobie 3-8A was extensively modlned bY revlewlna the 
lolluwinJ reporb of the U.S. Deportment of Interior, Bureou of Mines: Rl5753, The hploaibillty of Aaricultural Dulls; Rl6516, bplosibillty 
of Metal Powders; Rl 5971, t::.plolibility of Dum Uoed in the Plosllcslndullry ; Rl6597, bplosibility of Carbonaceous Dusts; Rl 7132, Dull 
t::.plolibility of Chemicals, Drup, Dyes and Pesticides; ond Rl 7208, Explosibillty of MloceUoneous Dusts. 

The clsta &iven for ianition temperatures. minimum cloud ipltion eneiJY, and minimum explosion concentration were the minimum values for the 
type of umplc tellt!li. The clsta liven for moximum explosion pre-re and maximum rate of preuure rite were those obtained for a siqle umple or 1 
type tested at 1 concentration of 0.5 ol/ft3. 
hAll maximum pre-re rates ond explosion preMUres determined 11 concentrations of 0.5 ol/ft3• 

''Determined by dispersina with an air blast from an 80-in. J reaenoir chofJIOd to I S-p.s.i.l- preMUre (Method A). AU other results cletermlned by clispenlna 
with an lirblall from 1 3-in.3 reaenoit choqed to a 100-p.s.l.a. presoure (Method B). Method A is related to Method 8 by 1 conversion factor of 3.07. 
dlanition sensitivity <0.2 ond explosion severity <0.5; constitutes primarily a weak .. pl .. lon hazord. 
~.No ianition up to 8.32-J spark, the hilliest tried. 
llpition denoted by flame; all others not so muked denoted by a atow. 
fiNo ipitlon up to a concenuation of 2 ol/ft3• the hilbell tried. 
ht::xplosion severity or ipition sensitivity unknown; cJsaer indicates claaliOcotion booed on resistivity or best judpment of the panel 
;Guncotton ianition soun:e. 
I Asterisk Indicates a difference of opinion amonJ ponelists; cluaiOc:ation ~ven is the more strinjlCnt one. 
lcNo •nition. 
1Material i•pyrophoric. 
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Chapter 2 

EQUIPMENT SELECTION 

Electrical equipment selected and installed according 
to the 1978 NEC requirements is essentially the same for 
atmospheres containing Group E and Group F dusts. There­
fore, under the proposed panel recommendations, Group F 
is eliminated and equipment selection will be restricted 
to Group E and Group G dusts. 

Because dust settles and forms layers on operating 
equipment, the present NEC states that the maximum surface 
temperatures under actual operating conditions shall not 
exceed those shown in Table 2. The panel proposes that 
a different approach be considered. 

The method employed to generate data on dust-layer 
ignition temperature relies on the possible consequences 
of the settling of dust on electrical equipment that gene­
rates heat. It is realized that surface temperature and 
ignition temperature depend on layer thickness and dust 
compactness. Therefore the panel recommends that the maxi­
mum surface temperature of the electrical equipment be 
lower than the specified dust-layer ignition temperature 
by some differential value, e.g., 25°C. The panel believes 
that such a safety factor is appropriate and permits the 
user some flexibility in judgment. Furthermore, it is 
recommended that, based on experience, an independent upper 
limit be specified for the surface temperature of the 
electrical equipment. Under special conditions, a differ­
ential other than 25°C may be appropriate, based on field 
experience or other considerations. 

15 
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TABLE 2 Maximum Surface Temperatures 

Equipment (Such as Motors or 
Power Transformers) That May 

Equipment That Be Overloaded 
Is Not Subject 
to Overloading 

Normal Abnormal 
Operation Operation 

Class II 
Group oc OF oc OF oc OF 

E 200 392 200 392 200 392 

F 200 392 150 302 200 392 

G 165 329 120 248 165 329 
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Chapter 3 

RECOMMENDATIONS 

The present method of grouping combustible dusts (i.e., 
the 1978 NEC 500) proceeds in a qualitative way as pointed 
out in Chapter 1. That is, Group E consists of electrically 
conductive metals, Group F of semiconductive carbonaceous 
dusts, and Group G of nonconductive materials. The physical 
and chemical properties of individual dusts are not taken 
into account specifically, and combustibility data are 
often not available. In fact, in many cases the properties 
are not known. 

This generalized classification method thus leads to 
apprehension about the general validity or accuracy of 
the classification. This apprehension is strengthened by 
the realization that many new substances enter commerce 
each year. Ideally, one would incorporate the properties 
and characteristics of a given substance into a predictive 
model for the explosion hazard in order to arrive at a 
classification. However, no such prediction technique or 
model has been validated. Testing techniques are available 
that are currently in use and that could be applied to 
assist in classification. But this is not a satisfactory 
solution for two reasons: First, it is unrealistic to 
test all the thousands of substances already in use and 
the new ones rapidly being introduced. Second, there is 
appreciable lack of confidence in the validity of the 
existing testing techniques. 

The present NEC 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 panel recommends that 

17 
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• As a temporary measure, NFPA modify the present NEC 
and classify explosible dusts into Groups E, F, and G 
through values of electrical resistivity, P• as follows: 

Group E, p < w2 ohm-em, 

Group F, 102 < p< 8 10 ohm-em, 

Group G, p > 108 ohm-em. 

• The equipment proposed by the Dus~ Test Equipment 
Panel in its earlier report, NMAB 353-2, be used in making 
an extensive round-robin series of tests to support the 
proposed resistivity levels dividing Groups E, F, and G. 

• As a permanent measure, the proposed new classifica­
tion of dusts, as given in Figure 2, be adopted. In that 
scheme, the concept of ignition sensitivity and explosion 
severity is employed. Locations involving combustible 
dusts with an ignition sensitivity less than 0.2 and ex­
plosion severity less than 0.5 should be treated as a weak 
explosion hazard, as defined by NFPA. The determination 
of the values of the factors that comprise ignition sensi­
tivity and explosion severity, and hence the overall values 
for these indices, should be made by the experimental tech­
niques described in Appendix A. 

• Layer ignition temperature be determined by the 
test technique described in NMAB 353-2. 2 

• The maximum surface temperature of the electrical 
equipment be lower than the specified dust-layer ignition 
temperature by some differential value, e.g., 25°C. 
Furthermore, based on experience, an independent upper 
limit should be specified for the surface temperature 
of the electrical equipment. 

• The same limitations on maximum surface temperature 
recommended for electrical equipment be applied to other 
(nonelectrical) equipment. 

• Research be supported at a number of locations 
wherein analytical and experimental studies would be 
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conducted to develop and validate a predictive model of 
the ignition and explosion hazards of dusts in the working 
place. These studies should take into account the chemical 
and physical properties of the dust, including composition; 
particle shape, size, and distribution; moisture content: 
apparent density: environmental factors, such as humidity 
and pressure; and geometry. The propagation of flames 
and explosions in working places of interest should be 
studied further. The results of such studies should lead 
to the classification of many dusts by knowledge of their 
properties and conditions, to more adequate testing tech­
niques, and to steps that could be taken in the areas of 
prevention and control. This knowledge would also permit 
prediction of minimum ignition temperatures for clouds and 
layers, minimum ignition energies, minimum explosion con­
centrations, and pressures and rates of pressure rise. 

• A laboratory be established •o evaluate the explo­
sion hazard of dusts in the working place.* This laboratory 
should be capable of testing and evaluating 150 to 200 
samples each year using the procedure recognized at the 
time. The laboratory should do comparative testing, i.e., 
use various experimental techniques. It should determine 
properties of dusts, as needed. Further, it should be 
active in some of the research activities described in the 
previous recommendation. This laboratory should act as a 
clearinghouse for testing and research result~ worldwide 
and thus act in a supporting capacity to the appropriate 
industries and regulatory bodies. 

* The Bureau of Mines' Dust Explosions Research Laboratory 
closed operations in this field in the late 1960s. 
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APPENDIX A 

IGNITION AND EXPLOSION HAZARD OF DUSTS 

DEFINITION OF IGNITION SENSITIVITY AND EXPLOSION SEVERITY 

In Figure 2 the terms ignition sensitivity4 and explo­
sion severity are used. Definitions of these terms require 
a somewhat detailed description of the equipment and pro­
cedures 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 func­
tion of the ignition temperature, minimum energy for igni­
tion, 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 
comparing 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 • E · C) 1/(Tc • E • C) 2 

Explosion Severity = (P • P) 2/(P •P) 1 

where subscripts 1 and 2 refer to Pittsburgh coal dust 
and the test dust, respectively , T is the cloud ignition 
temperature, E is the minimum igniEion 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. The indexes weie not derived from theoretical 
considerations but provide ratings of explosibility that 
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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 coirelated with the 
empirical indexes as shown in Table 3. 

Table 3 Correlation of Indexes with Relative Degree 
of Hazard 

Degree 
of Hazard 

Weak 

Moderate 

Strong 

Severe 

Source: 

Ignition 
Sensitivity 

<0.2 

0.2-1.0 

1.0-5.0 

4 Jacobson et al. 

>5.0 

Explosion 
Severity 

<0.5 

0. 5-1.0 

1.0-2.0 

>2.0 

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

Cloud Ignition Temperature 610°C 

Minimum Ignition Energy 0.06 J 

Minimum Explosive Concentration 0.055 g/liter 

Maximum Explosion Pressure 83 psig 

Maximum Rate of Pressure Rise 2300 psi/s 
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LABORATORY EQUIPMENT AND PROCEDURES 

Preliminary Examination of a Dust Sample 

A sample is initially screened through a No. 20 sieve 
(840 urn); the fraction not passing through the sieve is 

weighed and discarded. A representative portion of the 
through-No. 20 sieve dust is then mechanically screened 
through No. 100 (149-um) and No. 200 (74-um) 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, ex­
cept coal, is determined by drying at 75°C for 24 h. Coal 
is dried at 105°C for 2 h in accordance with ASTM Standard 
Method D271-58. 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 further dried before 
testing. 

Each dust is microscopically examined at magnifications 
of lOOX and 400X to ascertain the shape, size, and other 
physical characteristics of the particles. When requested, 
the apparent density is determined and samples are sent 
to other laboratories for chemical analyses and X-ray or 
spectroscopic examination. 

Iqnition Temperature of a Dust Cloud 

The ignition temperature of a dust cloud is determined 
in a Godbert-Greenwalt furnace4 which consists of a 1-7/16-
in. vertical Alundum ~ube, 9 in. long, wound with 21 ft 
of 18-gauge (0.824-mm ) Nichrome V wire. The windings 
are spaced closer together toward the two ends than in 
the middle to provide a relatively consistent temperature 
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throughout. 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 sole­
noid valve between the dust chamber and a 500-ml air reser­
voir controls the dispersion of the dust. The air reser­
voir 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 temperatur~ of the furnace is measured with a 
22-gauge (0.326-mm ) chromel-alumel thermocouple 1/32 in. 
from the interior furnace wall at mid-height. The tempera­
ture is maintained at the desired value (within +5°C) by 
automatic control. Ignition is indicated by the appear­
ance of flame projecting below the mouth of the furnace. 
The ignition temperature is the minimum furnace tempera­
ture at which flame is observed in one or more trials in 
a group of four. The nominal test increment is l0°C. 

Minimum Ignition Energy 

The minimum electrical energy required for ignition 4 
of a dust cloud is determined in the Hartmann apparatus. 
This 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 
hemispherical shape. The total volume of the chamber 
is 1.23 liters. Dispersion is accomplished by a single 
blast of air from a 1.31-liter reservoir. The airflow 
controlled by a full-port solenoid valve, passes into the 
chamber through a mushroom-like deflector in the dispers­
ion cup. The air pressure in the reservoir, determined 
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by trial, ranges from 5 to 15 psig. The quantity of dust 
dispersed ranges from 5 to 10 times the minimum explosion 
concentration. 

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 (0.518-
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 obta%ned from the discharge of capa­
citors 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 uF are used. The capaci­
tors 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. Th~ energy of the spark (in joules) 
is calculated as 0.5 c~ 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 set­
tings are tried until a minimum is obtained. The value 
of the minimum ignition energy is approximate, as 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 condenser discharge at high 
voltages, comparable minimum ignition energies were ob­
tained 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. 
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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 dis­
persion 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 3/16-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 released from the reservoir. Optimum dispersing 
air pressure ranges from 5 to 15 in. of mercury and is 
determined in preliminary trials. 

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 cal­
culating 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 liters) to arrive at the minimum concen­
tration. 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 de­
veloped 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 
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with the single-air-blast method in the Hartmann apparatus. 

Explosion Pressure and Rates of ~ressure Rise 

Pressure and rates of pressure rise developed by a dust 
explosion are determined in a closed steel Hartmann tube. 
Dust dispersion is accomplished by releasing air from a 
50-cc reservoir at 100 psig, instead of from the 1.31-liter 
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 com­
bustion gases from escaping back into the dispersion 
reservoir. Ignition of the dust cloud is normally produced 
by the 24-W continuous spark source. For dusts that ignited 
with difficulty, the heated coil or guncotton source is 
tried. 

The explosion pressure is measured by electronic trans­
ducers. The maximum pressure and the average and maximum 
rates of pressure rise developed in an explosion are deter­
mined 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 ~ust concentrations of 0.1, 0.2, 0.5, 
1.0, and 2.0 oz/ft. 

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 labora­
tory must be applied to large-scale industrial situations 
with caution. Factors involved are the generally incomplete 
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and nonuniform dispersion in a large volume, the insuffi­
cient 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 pretreat­
ment of a dust are also 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 430°C. Assuming that systematic errors are not involved, 
the actual test temperature may be 430° + ll°C 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 igni­
tion at 0.06 J to be 0.25 at a 95 percent confidence level. 
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