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Standard Test Method for
Hot-Surface Ignition Temperature of Dust Layers

This standard is issued under the fixed designation E 2021; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope Methods for Determining the Minimum Ignition Tempera-

1.1 This test method covers a laboratory procedure to  tures of Dusts, Method A
determine the hot-surface ignition temperature of dust layer
that is, measuring the minimum temperature at which a dus L . i
layer will self-heat. The test consists of a dust layer heated on 3-1 Definitions of Terms Specific to This Standard:

a hot plate?® 3.1.1 hot-surface ignition temperature of a dust layer

1.2 Data obtained from this test method provide a relativdr—lowest set temperature of the hot plate that causes ignition
measure of the hot-surface ignition temperature of a dust layePf the dust layer. L ,
1.3 This test method should be used to measure and describe3-1-2 ignition of a dust layern—initiation of self-heating or
the properties of materials in response to heat and flame undgPmbustion in a material under test. ,
controlled laboratory conditions and should not be used to 3-1-3 ignition timg n—time between the start of heating and
describe or appraise the fire hazard or fire hazard risk of'® Point at which the maximum temperature or flaming
materials, products, or assemblies under actual fire condition§ombustion is reached. _
However, results of this test method may be used as elements3-1-4 temperature riseAT, n—the difference betweef,,,
of a fire risk assessment that takes into account all of the facto@d the initial set temperature of the hot plate. _
that are pertinent to an assessment of the fire hazard risk of a3-1-5 Tmax ——maximum temperature measured during test.
particular end use product.
1.4 This standard does not purport to address all of the4' Sy mmary of Jes! !\/Ie.thod - .
safety concerns, if any, associated with its use. It is the 4.1 The test m_aterlal is placed within a metal ring on top of
responsibility of the user of this standard to establish appro-2 N0t plate, that is at a preset constant temperature. ,
priate safety and health practices and determine the applica- 4-2 The sample temperature is monitored to determine
bility of regulatory limitations prior to useSpecific precau- {emperature rise due to oxidative reactions or decomposition

tionary statements are given in Section 8. reactions, or both. _
4.3 Ignition is considered to have taken place when either of

. Terminology

2. Referenced Documents the following occurs:
2.1 ASTM Standards: 4.3.1 Temperature in the dust layer at position of thermo-
D 3175 Test Method for Volatile Matter in the Analysis couple rises at least 50°C above the hot plate temperature, or
Sample of Coal and Coke 4.3.2 Visible evidence of combustion is apparent, such as
E 771 Test Method for Spontaneous Heating Tendency ofed glow or flame. _ .
Material$ 4.4 Hot plate surface temperature is varied from test to test,
E 1491 Test Method for Minimum Autoignition Tempera- S Nnecessary, until the hot-surface ignition temperature is
ture of Dust Cloud® determined.

2.2 IEC Standard® S
. . 5. Significance and Use
IEC 1241-2-1 Electrical Apparatus for Use in the Presence ¢

of Combustible Dust: Part 2: Test Methods—Section 1: 5.; This test method is appllcaple to dusts and powders, and
provides a procedure for performing laboratory tests to evalu-
- ate hot-surface ignition temperatures of dust layers.

* This test method is under the jurisdiction of ASTM Committee E-27 on Hazard 5.2 The test data can be of value in determining safe
Potential of Chemicals and is the direct responsibility of Subcommittee E27.04 omperating conditions in industrial plants, mines, manufacturing
the Flammability and Ignitability of Chemicals. : :

Current edition approved March 10, 2000. Published June 2000. processes, and Ioc_:at_lons Of,ma_‘t_enal usage and Sto_rage'
2This test method is based on recommendations of the National Materials .5-3 Due to variation of |gn|t|9n temperature with |a)_/er
Advisory Board of the National Academy of Sciendd$? thickness, the test data at one thickness may not be applicable
3 The boldface numbers in parentheses refer to the list of references at the end @b all industrial situations (see Appendix Xl). Tests at various

this standard. . . .

4 Annual Book of ASTM Standardéol 05.05. layer thicknesses may provide a means for extrapolation to

5 Annual Book of ASTM Standardgol 14.02.

6 Available from ANSI, 11 W. 42nd Street, New York, NY,10036..
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thicker layers, as listed in the following for pulverized Pitts- in contact with the plate within 1.6 0.5 mm of the upper
burgh bituminous coal dusf2). Mathematical modeling of surface. This thermocouple is connected to a temperature
layer ignition at various layer thicknesses is described in Refcontroller. The plate and its thermocouple-controller assembly,

). in conjunction with the commercial hotplate, should satisfy the
Layer Thickness, mm Hot-Surface Ignition Temperature, °C following requirements:
6.4 300 7.1.1.1 The plate should be capable of attaining a maximum
9.4 260 R ; . -
12.7 240 temperature of 400°C without a dust layer in position,
254 210 7.1.1.2 The temperature controller must be capable of main-

5.4 This hot plate test method allows for loss of heat fromtaining the temperature of the plate constant to withib°C
the top surface of the dust layer, and therefore generally give§iroughout the time period of the test,
a higher ignition temperature for a material than Test Method 7.1.1.3 When the temperature of the plate has reached a
E 771, which is a more adiabatic system. constant value, the temperature across the plate should be

5.5 This test method for dust layers generally will give auniform to within= 5°C, as shown in Fig. 2,
lower ignition temperature than Test Method E 1491, which is 7.1.1.4 The temperature control should be such that the
for dust clouds. The layer ignition temperature is determinedecorded plate temperature will not change by more tha?
while monitoring for periods of minutes to hours, while the C during the placing of the dust layer and will be restored to
dust cloud is only exposed to the furnace for a period ofwithin 2°C of the previous value within 5 min of placing the
seconds. dust layer, and

Note 1—Much of the literature data for layer ignition is actually from 7.1.1.5 Thef thermocouple in the plate and its rea;dC_)Ut device
a basket in a heated furnagd), known as the modified Godbert- Should be calibrated and should be accurate to withi&°C.
Greenwald furnace test. Other data are from nonstandardized hot plates7.1.2 Metal Ring to be placed on the heated metal plate, for

(5-9). containing the dust layer. Stainless steel is suitable for most
5.6 Additional information on the significance and use ofdusts. The standard ring is 12.7 mi# (in.) in depth and
this test method may be found in R€¢L0). approximately 100 mm (4 in.) in diameter. Rings may be of
other depths.
6. Limitations and Interferences 7.1.3 Dust Layer ThermocoupleSlots on opposite sides of
6.1 This test method should not be used with materialghe perimeter of the ring accommodate the positioning of a type
having explosive or highly reactive properties. K bare thermocouple (0.20 to 0.25 mm or 10 mil in diameter)

6.2 If the metal (for example, aluminum) plate or ring reactsthrough the dust sample. This bare thermocouple is positioned
with the test material, choose another type of metal that doegarallel to the surface of the metal plate with its junction at the

not react. geometric center of the dust layer. This thermocouple should
be connected to a digital thermometer for observing the
7. Apparatus temperature of a dust layer during a test. Temperature mea-

7.1 The complete apparatus, shown in Fig. 1, consists of aurements with the thermocouple should be made either
circular metal (for example, aluminum) plate centrally posi-l’elative to a fixed reference junction temperature or with
tioned on top of a hot plate. The dust layer is confined withinautomatic cold junction compensation. Most digital thermom-
a metal ring on top of the metal plate. An example of anéters have built-in compensation. The thermocouple in the dust
apparatus that has been found suitable is given in Appendilayer and its readout device should be calibrated and should be
X2. accurate to withirt 3°C.

7.1.1 Heated Surfaceconsisting of a metal plate of approxi- 7.2 Ambient Temperature Thermometplaced in a conve-
mately 200-mm diameter and at least 20-mm thick. This platenient position within 1 m of the hoplate but shielded from heat
is centrally placed on top of a commercial hotplate. A thermo-convection and radiation from the hot plate. The ambient
couple is mounted radially in the metal plate, with its junctiontemperature should be within the range of 15 to 30°C.

TC position
in dust layer

Dust layer
TC position
in plate
Heated metal
plate

00 7

FIG. 1 Schematic of Hotplate Layer Ignition Apparatus
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Plate Tempetature = 250 °C is tested in the as-received state, it should be recognized that the test
results may not represent the lowest dust layer ignition temperature
possible. Any process change resulting in a higher fraction of fines than
normal or drier product than normal may decrease the ignition tempera-
ture.

°c
246 4-

10. Calibration and Standardization

10.1 The calibration of the dust sample thermocouple and
the thermocouple embedded in the circular metal plate must be
checked using appropriate standards (for example, ice/water
for 0°C and boiling water for 100°C). Boiling diphenylamine
(302°C) can be used to check the calibration at a higher
temperature.

10.2 The temperature across the metal plate should be
uniform to within = 5°C when measured across two diameters
at right angles, as shown in Fig. 2. This requirement must be
satisfied at two plate temperatures, one in the range of between
200 and 250°C and the second in the range of between 300 and
350°C, measured at the center of the plate.

10.3 Verify the performance of the apparatus using at least
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FIG. 2 Uniformity of Aluminum Plate Temperature at Set two dust layers having different hot-surface ignition tempera-
Temperature of 250°C tures. Representative da(d)’ for 12.7-mm thick layers of
three dusts are:
8. Hazards Brass 155-160°C
. .. Pittsburgh coal dust 230-240°C
8.1 The user should consider the toxicity of the sample dust Lycopoc?ium spores 240-250°C

and possible combustion products. , .
8.2 This test method should not be used with materials Thelbrass wasa very fine flake (100 % minus 325 mesh)

having explosive or highly reactive properties with a small amount (<1.7 %) of stearic acid coating. The

. naY lycopodium is a natural plant spore having a narrow size
8.3 Metal dusts can ignite and burn with high temperature Jistribution with 100 % minus 200 mesh and mass median

If a flame is observed, the dust layer should be covered with iameter af~28 um. This is the reticulate formycopodium

flat metal sheet to exclude the air and extinguish the flame. : oo 0
8.4 The user should use due caution around the hot surfacggavatum The Pittsburgh seam .bltunjlnous coal hag0 %
minus 200 mesh, a mass median diameter-db5 pm, and

present on the test apparatus. 0 - he S
8.5 Tests should be conducted in a ventilated hood or othe 038 volat_|I|ty. Addmonal d_ata that can b? used for callbr_atlon
those listed in 5.3 for different layer thicknesses of this coal

area having adequate ventilation to remove any smoke g
f dust.
umes.
11. Procedure

9. Sampling and Test Specimens i .
11.1 General Set-Up-Set up the apparatus in a position

9.1 ltis not practical to specify a single method of samp_lingfr e from drafts and under a hood capable of exhausting smoke
.dUSt fo_r test purposes because_ the character of_the material agﬁd fumes. Ensure that the air flow in the hood is sufficient for
its available form affect selection of the sampling procedure, :

Generally accepted sampling procedures should be used femoving smoke and fumes, but low enough so as not to
y P piing p ; " disturb the layer or affect the test results. This can be achieved
9.2 Tests may be run on an as-received sample. Howev

etSy adjusting the baffles in the back of the hood. If desired, an

since finer dusts have 'OVYer hot-surface_ignition_ temperaturegngled mirror can be provided above the test sample for visual
(2) and due to the possible accumulation of fines at SOME o rvation

locations in a processing system, it is recommended that the .
. 11.2 Procedure for Individual Test
0,
test sample be at least 95 % minus 200 mesh (75 um). To 11.2.1 Centrally place a ring of the required height on the

achieve this particle fineness, grind, pulverize, or sieve th%Iean surface of the heated metal plate. Make adjustments to

sample. the thermocouple position. Set the desired test temperature on
Note 2—The operator should consider the thermal stability and thethe temperature controller and heat the hot plate.

friction and impact sensitivity of the dust during any grinding or  11.2.2 When hot plate temperature is steady within the

pulverizing. In sieving the material, the operator must verify that there isrequired limit, fill the ring with the test dust, and level the

nobselective separation of components in a dust that is not a PUIE | rface of the layer within a period of 2 min. Do not compress

t . . " .
SuNzTaEnge—lt may be desirable in some cases to conduct dust IayeFhe dust layer unduly. Put the dust into the ring with a spatula
ignition tests on a material as sampled from a process becaysmgt ~ and distribute with mainly sideways movements of the spatula

streams may contain a wide range of particle sizes or have a well-definedntil the ring is slightly over-filled; then, level the layer by
specific moisture content,b materials consisting of a mixture of

chemicals may be selectively separated on sieves, @ra(tain fiorous —————

materials may not pass through a relatively coarse screen. When a material” Some data are from unpublished work of the Fike Co., Blue Springs, MO.
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drawing a straight edge across the top of the ring. Remove theecessary to be certain that failure to ignite at a given temperature is not
excess dust that spills on the metal plate. The amount of dugterely a result of premature termination of a test. Thus, the temperatures
that will just fill the ring can be predetermined so as toat which ignition fails to occur must be confirmed by continuing a test

S : R . . . long enough to establish that any such transient self-heating is definitely
minimize spillage. Also to minimize spillage, it is convenient decreasing in rate, and the temperature inside the layer is decreasing to a

to use a scoop with a concave edge, as shown in Fig. 3, and {ady value comparable to or lower than the temperature of the hot plate.
draw the straight edge towards the scoop. This behavior may often be accompanied by a discoloration of the dust but

Note 4—The bulk density of each dust should be determined oot by active and visible combustion of the layer. Discoloration shall not
be considered to be an ignition.

provide a reference should data on a similar material yield significantly
different results in later tests. To determine the bulk density, a layer of dust 11.3.2 Confirm the ignition temperature by a duplicate test

is formed in the above manner on a tared sheet of paper and weighed. Tl the same temperature.

bulk density should be measured two or three times and the average value11.3.3 Confirm the temperature at which ignition does not
shc_)uld be reported. The bu_lk or apparent dens@ty is calculated from thgceyr (10°C lower than ignition temperature) by at least one
weight of the dust and the filled volume of the ring. duplicate test. Record this temperature.

11.2.3 Continuously monitor the temperatures of the hot 11.3.4 Discontinue the test series if ignition of a dust layer
plate and of the dust layer as a function of time to the end otjoes not occur at a set temperature of 390°C. Report this fact
the test. Continue the test until the layer has melted, ignited, asind the maximum duration of the test.
reached a maximum temperature without igniting and is 11.3.5 If melting occurs, report this fact and the melting
cooling down. If after 60 min, self-heating is not apparent,temperature, and discontinue the test seties.
terminate the test. 11.3.6 If flames appear above the surface of the dust but the

11.2.4 Take the reported test temperature from the initial sedust itself does not ignite, consider the temperature at which
temperature of the metal plate, not from the thermocouple inhe flames appear to be the ignition temperature.
the dust layer. 11.3.7 If foaming® of the dust layer occurs, record this fact

11.3 Test Series Procedures and continue the testing until ignition, flaming, or melting is

11.3.1 Repeat at different temperatures with fresh layers adbserved, or until the sample cools.
dust until a hot-surface ignition temperature is determined. i _ .

Initially, the set temperature may be varied #B60°C steps NOTE 6—With organic dus’gs, combustlc_)n usually' takes the form of

. . charring followed by smoldering and glowing that will progress through
from run to run to get an approximate ignition temperature e |ayer and leave a residue of ash. Sugars, starches, and some other dusts
However, for the final determination of ignition temperature,turn dark, melt, expand, foam, and sometimes char with or without
vary the set temperature in 10°C increments. The ignitiongnition. With dust layers composed of certain fine size metal powders,
temperature must be high enough to cause ignition in the layeignition may be characterized by the relatively sudden appearance of
but no more than 10°C higher than a temperature that fails t8'ghly incandescent smoldering combustion progressing rapidly through
cause ignition or self-heating. An example of test data at tWCBhe layer. Other fine metal powders may burn at a high temperature.
temperatures is shown in Fig. 4. In this example, the hotd2. Report
surface ignition temperature is 290°C, since the dust layer 12 1 Report the following information:
ignited at 290°C but did not ignite at 280°C. 12.1.1 Complete identification of the sample including

Note 5—Ignition in particulate or fine dusts exposed to elevatedN@me, source, and description (if not implicit in the name) of
temperatures generally is preceded by a more or less protracted period ife material tested,
self-heating, usually due to atmospheric oxidation. Depending on the
temperature of exposure, self-heating may result in no more than a sgeme materials, such as sulfur, melt prior to ignition.

transient, although sometimes substantial, rise in temperature within the ° This phenomenon may occur with some hydrides, for example.
material that does not lead to the propagation of combustion. It is *°Some dusts, such as starch, may foam when heated.

—
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FIG. 3 Scoop Used to Remove Spillage
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FIG. 4 Test Data Showing Nonignition at Set Temperature of 280°C and Ignition at Set Temperature of 290°C

12.1.2 The volatility, initial moisture, bulk density, and so 12.1.10 A complete table of test data should be included, an

forth, of the material, if known, example of which is shown in Appendix X3, listing results in
12.1.3 Hot surface ignition temperature of the dust layerdescending order of temperature rather than in the order in
rounded to the nearest integral multiple of 10°C, which the tests were performed,
12.1.4 Any observations of flame, smoke, etc, 12.1.11 Temperature-time curves for the tests may illustrate
12.1.5 The highest temperature at which the dust layer dithe results, and illuminate specific types of behavior, as shown
not ignite, in Fig. 4, and

NoTe 7—Repeatability and reproducibility sometimes may be very 12.1.12 Any changes from the standard test procedures.

poor for reasons associated with the physical nature of the dusts and the n. .
behavior of the dust layers during the test. When this occurs, it should bd3. Precision and Bias
reported and all results should be accepted as equally valid. The test report 13 1 Precision

should include a brief description of the nature of the combustion 13.1.1 Repeatability—Duplicate results for the same dust

following ignition, especially noting behavior such as unusually rapid . .
combustion or violent decomposition. Factors likely to affect the signiﬁ-Obtalned by the same operator with the same apparatus should

cance of the results also should be reported: these include difficulties in th@dr€e to within 10°C. .
preparation of layers, distortion of layers during heating, decrepitation, 13.1.2 Reproducibility—Results obtained for the same dust

and melting. in different laboratories should agree to within 20°C.
12.1.6 Ignition time, 13.2 Bias—Because the values obtained are relative mea-
12.1.7 Depth of dust layer, sures of ignition temperature, no statement on bias can be

12.1.8 If the material does not ignite, report this fact and listhade.
the highest test temperature,

12.1.9 If the material melts before it ignites, report thatl4. Keywords
melting occurred above the highest hot plate temperature at 14.1 dust layer ignition; hot surface ignition; ignition tem-
which no ignition was observed, perature
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APPENDIXES

(Nonmandatory Information)

X1. APPLICATION OF RESULTS

X1.1 The occurrence of ignition in a layer of dust on arate treatment based on thermal ignition the@)will permit
surface at a given temperature depends critically on the balanestimates of the ignition temperatures of layers in other
between the rate of heat generation (self-heating) in the layagonfigurations (for example, layers on curved surfaces). How-
and the rate of heat loss to the surroundings. The temperatugger, if accurate predictions of ignition temperature under
at which ignition of a given material occurs therefore dependsyidely different conditions of exposure (in particular, exposure
on the thickness of the Iayer. It is beneficial to conduct tests % a Symmetrica' high_temperature environment rather than to
two or more layer thicknesses, especially at greater thickan ynsymmetrical environment like that on a hot plate) are
nesses, and to determine the hot-surface ignition temperaturggsired, it is preferable to use results obtained for an experi-
for these thicker layerg2, 6). It is then possible to estimate menta| procedure matching the different environment more
hot-surface ignition temperatures for other layer thicknesses bé(losely (for example, ignition in an oven, as in Test Method

interpolation or extrapolation of the experimental results,wher’___[ 771). When extensive prediction is intended, it is recom-
plotted as the logarithm of the thickness versus the FeCIProcan onded that ignition temperatures be determin’ed for at least

of the ignition temperature in K. This is the simplest predictive . : .
procedure that has some theoretical justification. More elabot—hree layer thicknesses and that thicker layers be emphasized.

X2. HOT-SURFACE LAYER IGNITION TEMPERATURE APPARATUS

X2.1 Construction of Heater SurfaeeProvided the re- uniform temperature distribution across the heated plate, the
quirements presented in 7.1 describing the heated surfaahoice of which depends primarily on the heating device
(metal plate) are satisfied, the detailed construction of thavailable. If the hot plate heater consists, for example, of
heated surface is not critical. An example is shown in Figsexposed coiled filaments intended to run at red heat, there
X2.1 and X2.2. The heated surface consists of a circular metahould be an air gap of about 10 mm between the heater and the
plate (aluminum or stainless steel) of approximately 200 mnplate so that heat transfer occurs by radiation and convection.
diameter, at least 20 mm thick, and with a smooth surface. Iif, however, the heater is designed for direct contact and heat
should be provided with an insulating skirt or cover (G in Fig. transfer occurs mainly by conduction, the plate needs to be
X2.1). The metal plate may be mounted on any suitablehicker so that hot spots are avoided. A thickness of not less
electrically heated hot plate, as is commercially availablethan 20 mm is recommended.

Ordinary steel is not recommended for the heated surface x2 1.2 The general arrangement is shown in Figs. X2.1 and
because of the potential for corrosion problems. X2.2. It is preferable to insert indicating and controlling

X2.1.1 There are two ways of achieving a sufficiently thermocouples in holes drilled radially from the edge of the

KEY
A Heated plate, 20-cm diam £ Plate thermocouple to controller
£ Heating element F Dust layer thermocouple
C Connection to controller-power G Insulating cover
supply
D Ring for dust layer, 10-cm diam

GA D F F
S W e WA

A
NN 7777 77 ZISNNSNNN

FIG. X2.1 Hot-Surface Layer Ignition Apparatus
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