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This British Standard is the official English language version of 
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request to its secretary.
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Standards Online.

This publication does not purport to include all the necessary provisions of a 
contract. Users are responsible for its correct application.

Compliance with a British Standard does not of itself confer immunity 
from legal obligations.

— aid enquirers to understand the text;

— present to the responsible international/European committee any 
enquiries on the interpretation, or proposals for change, and keep the 
UK interests informed;

— monitor related international and European developments and 
promulgate them in the UK.
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Foreword

This document EN 13821:2002 has been prepared by Technical Committee CEN /TC 305 "Potentially explosive
atmospheres - Explosion prevention and protection", the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an identical text or
by endorsement, at the latest by May 2003, and conflicting national standards shall be withdrawn at the latest by
May 2003.

This document has been prepared under a mandate given to CEN by the European Commission and the European
Free Trade Association, and supports essential requirements of EU Directive(s).

For relationship with EU Directive(s), see informative annex ZA, which is an integral part of this document.

Annex A is normative.

This document includes a Bibliography.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard : Austria, Belgium, Czech Republic, Denmark, Finland,
France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Malta, Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland and the United Kingdom.

1 Scope

This European Standard specifies a method of test to determine the minimum ignition energy of a dust/air mixture by
an electrically-generated spark.

The test method is not suitable for use with recognised explosives, gunpowder, dynamite, explosives which do not
require oxygen for combustion; pyrophoric substances, or substances or mixtures of substances which can under
some circumstances behave in a similar manner. Where any doubt exists about the existence of a hazard due to
explosive properties, expert advice should be sought.

WARNING — It is essential that precautions are taken to safeguard the health of personnel conducting the
tests against the risk of fire, explosion and/or toxic effects, of combustion products.

2 Normative references

There are no normative references.

3 Terms and definitions

For the purposes of this European Standard, the following terms and definitions apply.

3.1
dust
small solid particles that are able to remain suspended in air for some time

NOTE Normally maximum particle sizes will not exceed 500 µm. This definition includes what are defined in ISO 4225 as
'dust' and 'grit'
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3.2
combustible dust
dust able to undergo an exothermic reaction with air when ignited

3.3
explosive dust/air mixture
mixture of dust with air in which, after ignition has occurred, combustion spreads to the entire unburned mixture

3.4
spark discharge
transient discrete electric discharge which takes place between two electrodes which are at different potentials. The
discharge bridges the gap between the conductors in the form of a single ionisation channel

3.5
minimum ignition energy of an explosive dust/air mixture
lowest electrical energy stored in a capacitor which upon discharge is just sufficient to effect ignition of the most ignit-
able mixture of a given dust under specific test conditions

3.6
ignition
propagation of a sustainable flame away from the spark discharge position

3.7
ignition delay time
time between the onset of dispersion of the dust sample into a cloud and the occurrence of the spark discharge

3.8
test conditions (temperature, pressure)
air having a temperature in the range from 20 °C to 25 °C and a pressure in the range from 0.8 bar to 1.1 bar,
absolute

4 Test apparatus

4.1 Spark generation circuit

Annex A describes some suitable forms of circuit for spark generation all of which shall have the following charac-
teristics:

a) inductance of discharge circuit: from 1 mH to 2 mH except when the data is to be used for the assessment of
electrostatic hazards. Then the total inductance of the discharge circuit shall not exceed 25 µH;

b) ohmic resistance of discharge circuit: as low as possible and not more than 5 Ω;

c) electrode material:  tungsten, stainless steel, brass, or copper;

d) electrode shaft diameter: 2.0 ± 0.5 mm;

e) electrode shape: pointed;

f) electrode gap: ≥ 6 mm (minimum);

g) capacitance of electrode arrangement: as low as possible. If the parasitic capacitance of the electrode system
is significant compared with the discharge capacitance, it shall be taken into account;

h) insulation resistance between electrodes: sufficiently high to prevent leakage currents.

NOTE For low spark energies together with pointed electrodes a significant fraction of the energy in the capacitance can
drain away as corona discharges prior to the spark discharge.



EN 13821:2002 (E)

5

4.2 Test vessel

The recommended test equipment is the Hartmann apparatus described in references 7,8 and 10 in bibliography. This
apparatus is shown in A.7.

NOTE The minimum ignition energy is independent of the volume (V ≥ 1 l). Therefore it can also be determined in the 20-l-
sphere or in the 1 m3-vessel.

Other vessels may be used provided that the conformity requirements according to 6.3 are met.

5 Test sample

The minimum ignition energy decreases with decreasing particle size. Therefore the particle size distribution shall be
determined for the sample as tested and shall be indicated in the test report.

The minimum ignition energy decreases with decreasing moisture content. Therefore the moisture content shall be
determined for the sample as tested and shall be indicated in the test report.

NOTE 1 Where the particle sizes of the material in the plant are not known, tests should be carried out on dust samples of
particle sizes e.g. less than 63 µm.

NOTE 2 The size of the dust particles can be reduced by the dispersion process. In cases, where this effect can be
important, its magnitude can be evaluated by measuring the particle size distribution after dispersion (without ignition).

NOTE 3 Grinding can alter the particle shape and surface condition, and sieving can alter the proportion of inert in the
sample. A rough classification of the shape of the dust particles may also be necessary („spherical“, „flat“ or „fibrous“).

NOTE 4 Where the moisture content in the plant is not known, the sample should be carefully dried, e.g. at 50 °C under
vacuum, or at 75 °C and atmospheric pressure until the sample weight has reached a constant value.

6 Test procedure

6.1 Test description

The dust to be tested is dispersed in air at test conditions (specified in 3.8) in the test-apparatus, and the dust cloud is
subjected to a spark discharge from a capacitor.

The energy value of the discharge is calculated from the equation

E = 0,5 C ⋅ U2  (1)

where:

E is the stored energy in joules [J];

C is the total capacitance of the discharge circuit in farads [F] and

U is the voltage of the capacitor in volts [V].

NOTE 1 Further information relevant to the calculation of spark energies is contained in annex A.

NOTE 2 The following possible influences on the test should be considered:

 dust/air mixture dynamics/turbulence (a function of ignition delay time and dispersing pressure etc.);

 dust concentration;

 voltage of the capacitor;

 capacitance of the discharge circuit capacitor;

 inductance of the discharge circuit;
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 ohmic resistance of the discharge circuit;

 materials and dimensions of the electrodes and the gap between the electrodes.

The minimum ignition energy is a function of the dust/air mixture dynamics/turbulence and the dust concentration. The
minimum ignition energy shall be measured at the optimum dust concentration and the lowest turbulence level
experimentally attainable. The turbulence level is reduced by extending the ignition delay time until as long a delay
time as is feasible for the apparatus is determined.

The optimum dust concentration and the lowest turbulence level cannot be obtained in one step. Therefore an
iterative procedure is required of which the main steps are as follows:

Step 1

Start with a value of ignition energy that will reliably cause ignition of a given concentration in air of the dust being
tested. Reduce the spark energy in steps (e.g. by 50%) at the given dust concentration until the dust cloud does no
longer ignite in any of 10 tests at a given energy.

Step 2

Continue the procedure varying the dust concentration at the lowest energy found in Step 1. If for any dust
concentration an ignition occurs, then repeat Step 1 at that concentration.

Step 3

Repeat the procedure by this combination of spark energy and dust concentration varying the delay time (turbulence)
until the maximum energy (E1) is found where no ignition occurs.

The minimum ignition energy MIE lies between the highest energy, E1, at which ignition fails to occur in 10 successive
attempts to ignite the dust/air mixture, and the lowest energy, E2, at which ignition occurs within up to 10 successive
attempts.

E1 < MIE < E2 (2)

6.2 Calibration

At regular intervals (at least every 12 months, or following any significant maintenance or repair) the apparatus shall
be calibrated by:

a) checks of components

1) energy of the discharge: capacitance of capacitors and voltage applied/generated;

2) inductance of the circuit;

3) ohmic resistance of the circuit;

4) capacitance of the circuit;

5) the dust dispersion systems: delay time and dispersion pressure.

b) calibration of total system

Calibration shall be carried out using one of the following tests:

 internal calibration with at least one reference dust the MIE of which is known. The results of the ES-value (see
section 6.3) shall differ by less than a factor of 3 to prove the positive outcome of the calibration.

 comparative measurement of minimum ignition energy with at least one other laboratory with at least one
reference dust. The results of the ES-value (see section 6.3) shall differ by less than a factor of 3.
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For the purposes of internal calibration dusts shall be chosen on the basis of evidence that their minimum ignition
energy does not change significantly over the period between calibrations.

6.3 Conformity

6.3.1 Conformity tests

The minimum ignition energy may be determined using alternative equipment and/or test procedures providing it can
be demonstrated that the conformity has been proven. The criteria for demonstrating conformity shall be as follows:

Conformity tests shall be carried out on at least five different dusts from each of the following energy ranges
(minimum 15 dusts) in co-operation with one or more laboratories having a calibrated MIE-Apparatus.

Energy ranges: 1mJ - 10 mJ

10 mJ - 100 mJ

100 mJ - 1000 mJ

At least two metal powders, two natural organic powders, two synthetic organic powders and two coal dusts shall be
tested.

In cases where the test apparatus is not used to determine the minimum ignition energy for all energy ranges, it is
possible to calibrate the test equipment for 1 or 2 energy ranges.

6.3.2 Criteria for conformity

The minimum ignition energy MIE lies, by definition, between two energy values:

E1 < MIE < E2

For the purpose of comparison between different apparatus, only one single value (ES) instead of the energy range
(E1, E2) shall be used. This single value ES can be estimated by use of the probability of ignition as follows:

Provided that for the energy E2 a minimum of 5 evenly distributed dust concentrations are tested, the position of ES in
the E1 - E2 range can be estimated. In the exponent of the following equation, at the ignition energy E2, the number of
dust concentrations with ignition (I[E2]), is divided by the total number of dust concentrations ((NI+I)[E2]) tested.

(3)

Example:

dust concentration in mg ignition probabilityenergy

300 600 900 1200 1500

E2 = 30 mJ NI I I I NI → 3 of 5

E1 = 10 mJ NI NI NI

where:

1][)(

)log(log][
log

2

122
2

10 +⋅+
−⋅

−
= EINI

EEEI
E

SE
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I means „ignition“ and

NI means 10 times „no ignition“.

Following the above equation, this example results in a value ES ≅ 17 mJ.

Conformity between two sets of equipment is given, when ES-values for all dusts tested differ less than a factor of 3.

6.4 Test report

The test report shall include at least the following information:

a) name and address of testing house where the test was carried out;

b) unique identification of report (such as serial number) and of each page, and total number of pages of the
report;

c) description and identification of the sample tested (Product characteristics):

 sample designation (name or chemical composition etc.),

 if applicable, sample pre-treatment (sieving, drying, grinding),

 moisture content as a percentage by mass (incl. method),

 particle size distribution, included median value in µm (incl. method),

 rough classification of shape („spherical“, „flat“ or „fibrous“).

d) date of receipt of test item and date(s) of performance of test;

e) characteristics of the test apparatus:

 method of spark generation (see annex A);

 explosion apparatus (type).

f) any deviations of the test method and conditions described in this standard and any other information relevant
to a specific test;

g) results

E1 < MIE < E2 (4)

 E1, highest energy, at which ignition does not occur;

 E2, lowest energy, at which ignition is obtained.

h) signature and title or an equivalent marking of the person accepting technical responsibility for the test report
and date of issue;

i) a statement to the effect that the test results relate only to the samples tested.
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Annex A
(normative)

Descriptions of spark generating systems

A.1 General

A.2 to A.6 contain descriptions of five designs of spark generating circuits. With any of these examples it is possible to
use different explosion vessels, provided that the dust dispersion is optimised and that suitable precautions are taken
in order to prevent side effects occurring in comparatively large vessels from electrostatic charging phenomena during
the dispersion of the dust. These phenomena include additional charging/discharging of the capacitor.

A.2 Triggering by high-voltage relay, using a two-electrode system

Key

U0 charging voltage

Up discharge voltage

C0 storage capacitance

Cp parasitic capacitance

L inductance (additional)

HVR high-voltage relay

Figure A.1

For very low energies the unavoidable parasitic capacity of the electrode arrangement is in the same order of
magnitude as the storage capacitor. Therefore the parasitic capacity shall be kept constant and the voltage of the
spark shall be calculated as follows:

Up = U0 ⋅ C0 / (C0 + Cp) (A.1)

This results in a spark energy E according to the following equation:

E = 0,5 ⋅ (C0 + Cp) ⋅ Up
2 (A.2)

The storage capacitor C0 acquired the charge Q0 = U0 ⋅ C0. After switching of the relay „HVR“, the charge is retained,
but the voltage U0 is lowered to Up.
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Limitations:

This triggering circuit is suitable only for very low energies of the spark. For energies above 10 mJ the high voltage
relay is not able to handle the high discharge current.

A.3 Triggering by electrode movement, using a two-electrode system

Key

Uo charging voltage

Co storage capacitance

L inductance (additional)

ME moving electrode

CR charging relay

Figure A.2

At the start, the moving electrode is in the home position. Then the electrode gap is so wide that the breakdown
voltage is never reached. After opening of the charging relay „Charge“, the electrode (ME) is moved rapidly by the
pneumatic system to the set minimum electrode gap of 6 mm. Sparkover occurs before the end position is reached.

The spark energy „E“ is calculated according to the following equation:

E = 0,5 ⋅ C0 ⋅ U0
2 (A.3)

Limitations:

During the movement of the electrodes, the energy stored in the capacitor Co decreases due to the corona current
flowing from the electrode tips. This type of spark triggering is thus admissible only with energy values above 10
mJ, where this corona loss is negligibly small.
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A.4 Triggering by auxiliary spark, using 3-electrode system

Key

U0 charging voltage

C0 storage capacitance

L inductance (additional)

CR charging relay

AS trigger circuit for auxiliary spark

Figure A.3

The charging voltage U0 is selected so that a sparkover cannot occur over the main spark gap of 6 mm - the
capacitor C0 will not discharge without ionisation of the air. Ionisation of the air only is achieved by activating the
auxiliary spark. Usually the auxiliary spark is generated by interruption of the current flowing in the primary winding
of an ignition coil.

Limitations:

The energy of the auxiliary spark is limited to not more than 1/10 of the energy of the main discharging circuit.
Therefore for energies of the main spark below 5 mJ the energy of the auxiliary spark becomes too small for
ionisation of the air.

Before the main spark jumps, the energy stored in the capacitor C0 decreases owing to the corona current flowing
from the electrode tips. This has to be considered at low spark energies.
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A.5 Triggering by voltage increase, using two-electrode system

Key

Uo spark voltage

C0 storage capacitance

L inductance  (additional)

Sw high voltage switch

Rc current limiting resistor

Rd decoupling resistor

EV electrostatic voltmeter

Figure A.4

When the switch Sw is closed, the high voltage supply slowly charges through the limiting resistor Rc the capacitor
C0 and raises the potential to a value US at which a spark occurs. The cycle is then repeated, giving a series of
sparks each of the same energy. The current limiting resistor Rc has a value between 108 and 109 ohm. The
potential across the capacitor C0 is measured by an electrostatic voltmeter with a decoupling resistor in series
having a value between 108 and 109 ohm. Sparks of any energy level from 1 mJ upwards can be readily produced
using this circuit by varying the value of the capacitor and, if necessary, the discharge voltage.

Test procedure:

The settings for sparks of the required energy are determined before any dust is placed in the test vessel. A
capacitor of the appropriate value is chosen and a voltage in the range 10 kV to 30 kV selected. The voltage and
electrode separation are then adjusted by trial until sparks of the required energy, given by E = 0.5 ⋅ C0 ⋅ US

2 occur
at the electrodes. In this expression, US is the voltage at which the spark occurs and C0 is the total capacitance at
the high voltage electrode. In order to make an ignition test, the required quantity of the prepared dust is placed in
the dispersion cup. The high voltage supply is then switched into the circuit and as sparks start to pass between
the electrodes the powder is dispersed by an air jet. It is noted whether ignition occurs.

The repetitive sparkover and the forming of the dust cloud are not synchronised, therefore the turbulence and dust
concentration are randomly distributed. The number of no-ignition trials shall be raised to 50 tests for each energy level.

Limitations:

An adjustment of the electrode gap below 6 mm shall be avoided. Therefore an energy below 10 mJ requires a
very small capacitor C0 and an impractical high (109 ohm) charging resistor Rc.
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A.6 Triggering by transformer, using two-electrode system

Key

C  main capacitance

Ctr capacitor in trigger circuit

D diode

S switch

T transformer

G spark gap

Figure A.5

C is the discharge capacitor, having an initial voltage of U. By having a range of capacitors from 40 pF and
downwards in steps of a factor of ten, and variable voltage from 1000 V downwards [400 to 500 V is a practical
minimum level], a wide selection of 0,5⋅C⋅U2 values is available. Initiation of spark discharge at the desired moment,
which is essential if synchronisation of spark discharge with the formation of a transient dust cloud is required, is
accomplished by means of the trigger circuit in which the capacitor Ctr, a switch S, and the primary coil of the
trigger transformer T constitute the essential elements. By closing the switch, a high voltage pulse of approximately
15 kV peak value is induced in the secondary coil of the transformer, causing breakdown of the spark gap G, and
thereby discharge of the main capacitor C.

The net spark energies generated for various combinations of C and U are determined in the conventional way by
measuring current and voltage at the spark gap as functions of time and integrating the power-versus-time curve.
The function of the diode D is to produce unidirectional discharges only. The self-inductance of the secondary coil
of the trigger transformer shall be 1 to 2 mH.

Limitations:

This circuit shall not be used for tests without inductance, because the inductance constitutes a central element of
the trigger arrangement.

Experience has shown that it is very difficult to reduce the energy input to the spark gap by the trigger spark to
below 2 to 5 mJ. For this reason this trigger principle shall only be used when the spark energies are above 5 mJ.
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A.7 Example of a test apparatus

A modified Hartmann tube made of glass with a volume of 1,2 l is used as the explosion vessel. The dust
dispersion system at the base of the tube is of the "mushroom-shaped" type around which the sample is loosely
scattered. A blast of compressed air at 7 bar overpressure is used to disperse the dust in the glass cylinder where
it is ignited by a spark between two electrodes.

Dimensions in millimetres

Figure A.6
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Annex ZA
(informative)

Clauses of this European Standard addressing essential requirements or
other provisions of EU Directives.

This European standard has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association and supports essential requirements of the following EU Directives.

Council Directive of 14 June 1989 on the approximation of the laws of the Member States relating to
machinery (89/392/EEC);

Directive 94/9/EC of the European Parliament and the Council of 23 March 1994 on the approximation of
the laws of the Member States concerning equipment and protective systems intended for use in
potentially explosive atmospheres.

WARNING — Other requirements and other EU Directives may be applicable to the product(s) falling within
the scope of this standard.

The clauses of this standard are likely to support requirements of the two above-mentioned Directives. The
following two tables establish the relationship between the relevant requirements of the descriptive Directives and
the clauses of this European Standard deal with them:

Table A.1 — Relationship between Directive 89/392/EEC and clauses of this standard

Essential requirement of Directive 89/392/EEC dealt with in this European Standard in clause

Annex I, 1.5.7 Explosion 4 to 7 4 to 6 and annex A

Table A.2 — Relationship between Directive 94/9/EC and clauses of this standard

Essential requirement of Directive 94/9/EC dealt with in this European Standard in clause

Annex Il, with the exception of the following
clauses:

4 to 6 and annex A

Compliance with this standard provides one means of conforming with the specific essential requirements of the
Directive concerned and associated EFTA regulations.
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