
Appendix 
lgnitability and Explosibility Data for Dusts 
from Laboratory Tests 

A. 1 

THE BIA (1987) 
,,A.2, A N D  A.3 A N D  COMMENTS FROM 

A.1-1 
LIMITATIONS TO THE APPLICABILITY OF THE DATA 

A.l  .I .I 
Particle Size and Moisture Content 

The applicability of the data in Tables A. 1,A.2, and A.3 to other dusts of apparently iden-
tical materials is limited.In practice, dusts of a given overall chemistry may differ widely 
in particle size, particle shape, and sometimes also in particle surface reactivity. 
Furthermore, most ignitability and explosibility parameters are inff uenced by inherent 
featuresof the test method. Therefore,as a general rule, the tabulated data should be used 
only as indications and not as the ultimate basis for design of actual safety measures in 
industry. On the other hand, data obtainedusing the same test method allows relative com-
parison of ignitabilityand explosibility of various dusts. It is always necessary,however, 
to account for any significant differencesbetween the particle size distributionsand par-
ticle shape of the actual dust of interest and those in Tables A. 1,A.2, and A.3. 

ust material, the maximum explosion pressure (Pmax)and the maximum 
rate of pressure rise (KSJincrease systematicallywith decreasingparticle size and mois-
ture content. The minimum ignition energy (MIE) generally decreases with decreasing 
particle size and moisture content. Decreasingthe moisturecontent and particle size can 
also cause a decrease in both the minimum explosible dust concentration (e,,) and the 
minimum ignition temperature of a dust cloud ( T ~ , ) .The dusts were tested “as received,” 
and general lack of information on the moisture content presents a further uncertainty 
concerning the specific applicability of the data. This applies, in particular, to the data 
for wood and cellulose and food and feedstuffs. Such dusts often contain considerable 
fractions of moisture in the “as received” state. 

It is generally advisable to have the actual dust of interest tested in a professional 
laboratory. 
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A.l .I .2 
Initial State and Composition of the Cas in Which the Dust 
Is Dispersed or Deposited 

The data in Table A. 1 apply to 

Atmospheric pressure (from -0.2 to +0.2 bar(g)). 
Oxygen content of air (from 18 to 22 vol% 0,). 
Normal ambient temperature (from 0 to 40°C). 

In general, P,,, and under certain conditions also (dPldt),, or Kst, increase propor-
tionally with the absolute initial pressure. Increased oxygen fraction in the atmosphere 
increases both the ignitability and the explosibility, whereas a lower oxygen content 
than in air reduces the hazard correspondingly. Increased initial temperature increases 
the ignition sensitivity (reduces MIE). Normally, data for conditions that deviate sig-
nificantly from the standard test conditions have to be determined specifically in each 
case. 

If the gas phase contains some combustible gas or vapor, even in concentrationscon-
siderably below the lower explosibility limit for the gas or vapor, hybrid effects can give 
rise to considerableincrease of both ignition sensitivityand explosibility.In such cases, 
specific tests definitely have to be conducted. 

A.1.2 
COMMENTS ON THE VARIOUS ITEMS IN TABLE A.l  

A.1.2.1 
Selection and Identification of Dusts 

The original table, published in German by the BIA (1987), contains nearly 1900 
dusts. Therefore, the selection of about 375 dusts in Table A. 1 constitutes about 20% 
of those in the original tables. When making the selection, the samples of a given dust 
material that gave the most severe test data were normally preferred. In addition, 
sequences for some given dust materials showing systematic effects of, for example. 
moisture content or particle size were included. Examples of this are data for peat and 
aluminum. 
In the original German table, the dusts are identifiedby a code number, which has been 

omitted here. However, the sequence of the dusts in the condensed table is identical to 
that in the originaltable. If required, the dusts in the condensedtable can be easily iden-
tified in the original German table by means of the particle size data and the ignitability 
and explosibility data. 

A.1.2.2 
Particle Size Distribution 

Most of the dusts were tested as received. However, in some cases, fractions passing a 
63 ,um sieve were tested. 
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A.1.2.3 
Minimum Explosible Dust Concentration (Cmin) 

Most of the tabulated data were determined in the standard closed 1 m3 IS0 (1985) 
vessel or in the closed 20 liter Siwek sphere. Experience has shown that the latter appa-
ratus tends to give lower values than the 1 m3 vessel, often by a factor of 2. (Note: 
Another standard small-scale method, approved by Nordtest, 1989, seems to give data 
in somewhat closer agreement with those from the 1m3IS0 vessel.) The C,, values in 
brackets were determined in the modified 1.2 liter Hartmann apparatus in terms of the 
smallest dispersed dust quantity that propagated flame, divided by the vessel volume. 
These values are sometimeshigher than the true &,because of the comparativelyweak 
ignition source used. 

A.1.2.4 
Maximum Explosion Pressure (fmJ 

The maximum explosion pressures were obtained either in the standard 1m3IS0 vessel 
or in the 20 liter Siwek sphere. The data in brackets were obtained in the 20 liter sphere 
using a simplified test procedure due to limited amounts of dust for testing. The stan-
dard procedure requires at least three replicated tests at each dust concentration over a 
range of different concentrations. 

A.1.2.5 
ExplosionViolence (Kst, St  class) 

Ks, is defined as the maximum rate of pressure rise during a dust explosion in an equidi-
mensional vessel, times the cube root of the vessel volume. Ks, (bar m / s )  is numerically 
equal to the maximum rate of pressure rise (barh) in the 1 m3standard IS0 (1985) test. 
The K,, data in the table were obtained either in the standard IS0  test or in the 20 liter 
Siwek sphere, adopted by ASTM (1988), which has been calibrated to yield compara-
ble K,, values. 

The St class was determined using the modified Hartmann tube with a hinged lid at 
the top. Brackets indicate that this test method is not considered adequate in the Federal 
Republic of Germany for conclusive classification of St2 and St3 dusts (St2 means that 
200 bar d s  I K,, < 300 bar d s ,  and St3 that K,, 2 300 bar d s ) .  

A.1.2.6 
Minimum Ignition Temperature of Dust Clouds 

These data were acquired using either the Godbert-Greenwald furnace or the BAM fur-
nace. The data in brackets were obtained using a modified, elongated version of the 
Godbert-Greenwaldfurnace,yielding somewhat lower values than the version proposed 
as an IEC (InternationalElectrotechnical Commission) standard. 
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A.1.2.7 
Minimum Ignition Energy (MIE) 

In the original BIA (1987) publication, the MIE values appear in a separate table. 
However, because the dusts could be identified by their reference numbers, it was pos-
sible to incorporatethe MIE values in TableA. 1.These values are determined using soft 
sparks (long discharge times) in agreement with the VDI method describedby Berthold 
(1987). Down to net spark energies of about 1 mJ, this method is in complete accordance 
with the CMI method described by Eckhoff (1975). The VDI and the CMI methods are 
the basis of the method for measuring MIE that is being evaluated by the IEC. The VDI 
and CMI methods differ from the earlier U.S. Bureau of Mines (USBM) method, in which 
an appreciablefraction of the l/2CV2 quoted as MIE was lost in a transformer and never 
got to the spark. Therefore, the USBM MIE values are generally higher than those deter-
mined by the new method.A tentativecorrelation for transforming USBM data to equiv-
alent VDUCMI data is given in Figure A.1 (see also SectionA.2.4). 
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Figure A.l Approximate empirical correlation between the minimum ignition energies measured by 
the earlier USBM method describedby Dorsett et al. ( 1  9601, and valuesgenerated by the more recent 
methods described by Eckhoff ( 7  975) and Berthold ( I  9871, and the method being evaluated by the 
IEC (see Chapter 7). Note: The correlation must be used as an indication only and must not be 
extrapolated 

A.1.2.8 
Glow Temperature 

These data were obtained with a 5 mm thick layer of dust resting on a hot plate of 
known, controllable temperature (equivalent to proposed standard IEC method for deter-
mining the minimum ignition temperature of a dust layer on a hot surface). 
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A.1.2.9 
Flammability 

The dusts are classified according to their ability to propagate a combustion wave when 
deposited in a layer. Ignition is accomplishedusing either a gas flame or a glowing plat-
inum wire at 1000°C.The test sample is a 2 cm wide and 4 cm long dust ridge resting 
on a ceramic plate. Ignition is performed at one end. The classifications are 
0 Class 1. No self-sustainedcombustion. 
0 Class 2. Local combustion of short duration. 
0 Class 3. Local sustained combustion but no propagation. 
0 Class 4. Propagating smoldering combustion. 
0 Class 5. Propagating an open flame. 
0 Class 6. Explosive combustion. 

The numbers in brackets refer to a modified test procedure according to which 20 
weight% diatomaceous earth is mixed with the powder or dust to be tested. By this 
means, some materials that otherwisewould not propagate a flamebecause they melt may 
show sustained flame propagation. 

A.2 
APPLUCABILITY OF EARLIER USBM TEST DATA 

A.2.1 
BACKGROUND 

The U.S. Bureau of Mines in Pittsburgh,PA, developed a comprehensiveset of laboratory 
test methods for characterizingignitabilityand explosibilityof dusts, and published a large 
number of test data, which have been widely used throughout the world. The test appara-
tuses and procedures were describedby Dorsett et al. (1960).Test data for 220 agricultural 
dusts were reported by Jacobson et al. (1961); for 314 dusts in the plastics industry, by 
Jacobson,Nagy, and Cooper (1962);for 314metal powders,by Jacobson,Cooper, and Nagy 
(1964); for 241 carbonaceous dusts, by Nagy, Dorsett, and Cooper (1965); for I75 chem-
icals, drugs, dyes, and pesticides, by Dorsett and Nagy (1968); and for 181miscellaneous 
dusts, by Nagy, Cooper, and Dorsett (1968); that is, for 1445 dusts altogether. 

In more recent years, alternative test methods have been developed, and there is a need 
to indicate the extent to which the substantialamount of the earlier USBM data are com-
patible with more recent data, as for example those in Tables A.l, A.2, and A.3. 

A.2 .2 
MINIMUM IGNITION TEMPERATURE OF THE DUST CLOUD 

The apparatus used was the original Godbert-Greenwaldfurnace, which is essentially 
the. same apparatus as the Godbert-Greenwaldfurnace used for determining the data in 
TableA.1.The eadier USBM data should thereforebe compatiblewith those in TableA.1. 
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Table A.l lgnitability and explosibility of dusts co 

Dust type 

Cellulose 
Wood dust 
Wood dust 
Wood dust (chipboard) 
Wood, cardboard, jute 
Wood, cardboard, jute, resin 
Lignin dust 
Paper dust 
Paper tissue dust 
Paper (phenolresin treated) 
Peat (15% moisture) 
Peat (22% moisture) 
Peat (31% moisture) 
Peat (41% moisture) 
Peat (from bottom of sieve) 
Peat (dust deposit) 
Paper pulp 
Food,feedstuffs 
Gravy powder (21% starch) 
Citrus pellets 
Dextrose, ground 
Dextrose 
FaVwhey mixture 
Fat powder (48% fat) 
Dough 





Table A. l  continued 

lgnitability and explosibility of dust clouds Dust layers 
Mod. H. VDI I DIN I 

Particle size distribution 1m3or 20 L vessel Explos. I Glow I Flam. 
Weight % <Size (p) Median C,, P,,, Kst <63pn -Tmi, 

Dust type 500 I 250 I 125 I 71 I 63 I 32 I 20 (p) (g/m3) (bar(g)) (bar.m/s) (Class) G.G. 

lgnitability and explosibility of dust clouds I Dust layers 
Mod. H. I VDI I DIN I 

Particle size distribution 1m3or 20 L vessel Explos. I Glow I Flam. 
Weight % <Size (p) Median C,, P,,, Kst <63pn -Tmi, 

Dust type 500 I 250 I 125 I 71 I 63 I 32 I 20 (p) (g/m3) (bar(g)) (bar.m/s) (Class) G.G. 

mi
160 230 





Table A.1 continued 

Polyethylene (low pressure) 
Polymethacrylate (from filter) 

Polymethacrylimide 

OI
Lo 
0 

90 20 9 245 125 7.5 46 St.1 460 Melts 3(5) 

90 70 48 21 30 9.4 269 (St.2) 550 Melts 5 
45 15 105 30 9.6 125 (St.2) 530 Melts 5 

P 
a 
0n 



Polypropylene 

b 3 
Q 
2' 

o\ 
Lo 
-4 



cn 
ru Table A.l continued u2 
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a Table A.l continued iD 
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w Table A.l continued k2 
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TableA.l continued 

Dust from grinding (Ti) 
Dust from grinding + polish. 
(polyester) 

89 64 37 18 4 170 (100) (St. 2) 2 

99 96 91 4 0  530 4 >450 



Toner resin 

Zinc stearate/Bentonite 

Zinc StearateJBentonite 
(9O:lO) 

(20:80) 

b 
-0 

3 
4 
x" 

w 

78 55 18 580 <I >450 (5) 98 

(1 00) (St. 2) 3 

(St. 1) 2 

01 
10 
10 
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Dust type 

Cellulosic materials 
Cellulose 
Cellulose 

Waste from wood cutting 
Wood 

Food and feedstuffs 
Pea flour 
Maize starch 
Waste from malted barley 

Rye flour 1150 

Starch derivative 
Wheat flour 550 
Coals 

Table A.2 Maximum permissible O2concentrationfor inerting dust clouds in atmospheres of O2+ NZ 

Median particle Maximum 0, 
diameter by mass concentration for

(run) inerting by N, (~01%) 

22 9 

51 11 

130 14 
27 10 

25 15 

17 9 

25 11 

29 13 

24 14 

60 11 
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Bituminous coal 

Table A.2 continued 

Source: BIA (1 987). 

20 I NaHCO, 35 65 

TableA.3 
(1985) vessel, 10 kJ chemical ignitor) 

lnerting of dust clouds by mixing the combustible dust with inert dust (1 m3standard I S 0  

Sugar 30 1 NaHCO, 35 50 

Source: BIA (1987) 
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A.2.3 
MINIMUM IGNITION TEMPERATURE OF THE DUST LAYER 

The earlier USBM method differs significantlyfrom the hot-plate method used to produce 
the data in Table A. 1. The latter is illustrated in Figure 7.17 in Chapter 7. In the USBM 
method, 6 om3of the dust was placed in a small stainless steel mesh basket kept suspended 
at the center of the Godbert-Greenwaldfurnace (seeFigure 7.24 in Chapter 7), while a con-
trolled, small flow of airwas passed through the furnace.The temperature of the furnace 
was controlled and maintained at a predetermined value, and the temperature inside the 
dust sample was monitored by a thermocouple.Ignition was defined as a distinct increase 
in the dust temperature beyond that of the furnace within 5 minutes. The minimum igni-
tion temperaturewas defined as the lowest furnacetemperatureat which ignition occurred. 

As would be expected, the USBM layer ignition temperatures are generally signifi-
cantly lower, by 100"or more, than the "glow temperatures" of TableA. 1for similar dusts. 

A.2.4 
MINIMUM IGNITION ENERGY OF THE DUST CLOUD (MIE) 

Due to the design of the electric spark generator used earlier by the USBM, part of the 
stored capacitor energy '/zCV2 was lost in a high-voltage transformer, and therefore the 
net spark energy was smaller than the nominal '/zCV2 quoted as the spark energy. 
However, when comparing MIE data for similar dusts, determinedby the earlier USBM 
method and the more recent methods described by Eckhoff (1975) and Berthold (1987), 
an approximateempiricalcorrelationis indicated, as shown in FigureA.1 in SectionA.1.2.7. 
Note that the correlation should not be extrapolated beyond the range of Figure A. 1. 

A.2.5 
MINIMUM EXPLOSIBLE DUST CONCENTRATION 

The earlier USBM method was based on the 1.2 liter open Hartmann tube, with its top 
opening covered by a paper diaphragm.A comparativelyweak continuousinduction spark 
source was used for ignition. The dust concentration was defined as the quantity of dust 
dispersed,dividedby the 1.2liter volume of the tube: In spite of several probable sources 
of error, this method often yielded reasonable values as compared with more recent 
methods such as Nordtest (1989). This is probably because the effect of some of the 
sources of error partly cancel each other. However, data from the early USBM method 
must be regarded as indicative only. 

A.2.6 
MAXIMUM EXPLOSION PRESSURE 

The early USBM data were determined in the original version of the closed 1.2 liter 
Hartmannbomb. Due to incomplete combustionand coolingby the walls, the maximum 
explosion overpressuresin the Hartmann bomb are generally considerably lower, by up 
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to 50%, typically 25-30%, than those generated by the same dusts in larger vessels, such 
as the 1 m3 standard IS0 (1985) vessel and the 20 liter Siwek sphere. It does not seem 
advisable to indicate any general relationship between P,,, from the early USBM tests 
and more recent data from larger vessels. 

A.2.7 
AXIMUM RATE OF PRESSURE RISE 

These data were determined in the same Hartmann bomb experiment as the maximum 
explosion pressures. However, there seems to be some justification for indicating the fol-
lowing tentative correlation between (dPldt),,, in the closed Hartmann bomb and the Ks, 
from the 1 m3 standard IS0 (1985) method (see Table A.4). 

Table A.4 Examples of correlation of rates of pressure rise 

Note: For quite coarse powders (nonhomogeneousdust concentration distribution in Hartmann bomb) and for 
very fine, cohesive powders (poor dust dispersion in Hartmann bomb), this correlation can be substantially in 
error. 

A.2.8 
AXIMUM PERMISSIBLE O2CONCENTRATION FOR INERTING 

USBM used two methods, an open glass tube with electric spark ignition and the Godbert-
Greenwald furnace at 850°C. As would be expected, the latter method gave consides-
ably lower limiting O2concentrations for inerting than the former. 

Generally, the values of Table A.2 fall somewhere between the two USBM values for 
similar dusts. The arithmetic mean of the two USBM values then might be compatible 
with the data in Table A.2. 
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