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Kurzfassung Abstract 

Als Grundlage zum sicheren Handhaben 
brennbarer Stäube und zum Proiektieren von 
Schutzmaßnahrnen gegen Sta~bex~losionen 
in stauberzeugenden und verarbeitenden 
Anlagen wurden von annähernd 4300  
Staubproben aus nahezu allen Bereichen 
der gewerblichen Wirtschaft wichtige Brenn- 
und E~~losionskenngrößen bestimmt. Die 
angewandten Untersuchungsverfahren wer- 
den beschrieben, und es wird auf weitere 
EinfluBgrößen hingewiesen. 

Da die Brenn- und Explosionskenngrößen in 
erheblichem Umfang sowohl vom jeweiligen 
Staubzustand als auch von den Bestirn- 
rn~n~sverfahren abhängen, wird die Bedeu- 
tung der "Grenzen der Anwendbarkeit" 
besonders hervorgehoben. Die An- 
wendungsgrenzen müssen vom Benutzer 
beachtet werden, da es andernfalls zu 
folgenschweren Fehleinschätzungen beim 
Beurteilen von Gefahren oder beim 
Auslegen von Schutzmaßnahmen kommen 
kann. 

Irnportant combustion und explosion charac- 
teristics of approximately 4300 dust sarn- 
ples from virtually oll sectors of industry were 
determined as a basis for the safe handling 
of cornbustible dusts and for the planning of 
preventive and protective rneasures against 
dust explosions in dust-generating und 
processing plants. The test rnethods applied 
are described. Attention is also drawn to 
further influencing factors. 

As the numerical values of the characteristics 
depend to a large extent on the deterrnina- 
tion rnethods, the importance of the "limits of 
applicabilify" is emphasized. The applica- 
tion lirnits rnust be noted by the User, other- 
wise faulfy assessments with serious conse- 
quences rnay occur in the evaluation of 
hazards or in the design of preventive und 
protective rneasures. 
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1 lntroduction 

A prerequisite for the Safe handling of solid 
rnaterials with a fine particle size 1e.g. 
powder, flour, dust) is that the properties 
which affect safety are known. In addition 
to health aspects, these include flarnrnability 
und explosibility. The rnore cornprehensive 
our knowledge of the cornbustion und ex- 
plosion behaviour, the rnore effectively the 
necessary preventive und protective rneas- 
ures can be taken. 

In collaboration with the Bergbau Ver- 
suchsstrecke - BVS (Mining Test Facility) und 
with the financial Support of the Haupfver- 
band des gewerblichen Berufsgenossen- 
schaften (Federation of the Statutory Acci- 
dent lnsurance lnstitutions of the lndustrial 
Sector), a research proiect to deterrnine the 
cornbustion und explosion characteristics of 
representative dusts was designed und 
carried out at the end of the 70s. The results 
were published in 1980 in a research 
report entitled "Dust explosions, cornbustion 
und explosion characteristics of dusts" [ I  1. 

Cornbustion und explosion characteristics 
were deterrnined for over 800  dusts und 
dust-type products. Although not all the 
safety characteristics of a substance were 
recorded, the data in the tables constituted 
a useful basis for practical work safety, und 
was welcomed especially by safety experts 
und supervisory authorities. 

The loose-leaf cornpilation of the BIA Hand- 
book took into account the frequently ex- 
~ressed desire for the publication of further 
characteristics. Apart frorn data frorn the 
Mining lndustry Testing Station - BVS und 
the Ber~fs~enossenschaftliches lnstitut für 
Arbeitssicherheit - BIA - (Professional Asso- 
ciation's Occupational Safety Institute), data 
from the Berufsgenossenschaft Nahrungsrnit- 
tel und Gaststäiten (Statutory Accident Insur- 
ance Institution for Food lndustry und Cater- 
ing) - BGN -was also included so that the 
second edition of the tables contained ex- 
plosion characteristics of alrnost 1900 
dusts. Two additional tables containing 
data on rninirnurn ignition energies und 
lirniting oxygen concentrations were new 

PI. 

Within the frarnework of a proiect spon- 
sored by the Cornmission of the European 
Cornmunity, further data records with char- 
acteristics deterrnined by various testing 
Stations were included on a large scale in 
the table. The table now contains data 
records frorn approxirnately 4300  dust 
sarnples. 

The scale of the table thus achieved goes 
beyond the scope of the BIA Handbook so 
that i t  will be published in future as a BIA- 
Report. The results of the research proiect in 
English und Gerrnan is therefore already 
being published in BIA report forrnat. 



This research report will be available above 
all to experts responsible for assessing the 
explosive potential of dusts und evaluating 
the risks associated with handling combusti- 
ble dusts. 

The testing stations involved in the EU 
project with data records are: 

- Ber~fs~enossenschaftliches Institut für 
Arbeitssicherheit - BIA [Professional 
Association's Occupational Safefy 
Institute), Sankt Augustin, Germany 

- Berufsgenossenschaft Nahrungsmittel 
und Gaststä~en - BGN (Statutory Acci- 
dent lnsurance Institution for Food lndus- 
try und Catering)/Forschungsgesell- 
schuft für ungewandte Systemsicherheit 
und Arbeitsmedizin e.V. - FSA, Mann- 
heim, Gerrnany 

- CHEMSAFE - Database for assessed 

characteristics in safety technology, 

German Society for Chemical Appara- 
tus, Chemical Engineering und Biotech- 
nology e.V. - DECHEMA, Frank- 
furt/Main, Germany; Federal Institute for 
Materials Research und Testing - BAM, 
Berlin, Germany/Federal lnstitute of 
Physics und Metrology - PTB, Brunswick, 
Germany 

- ~ ~ ~ ~ e s e l l s c h a f t  für Forschung und 
Prüfung rnbH, expert body for surface 
fire und explosion protection - mining 
test facility, Dortmund, Germany 

- Henkel KGaA, TA-Safety Technology, 
Düsseldorf, Germany 

The test methods upon which the character- 
istics listed in the tables are based are de- 
scribed in various national und international 
Standards [3 to 61. The rnost important basis 
for this table is the VDI 2263-1 [3]. As far 
as possible, the terms correspond to the 
definitions of the EN 1 127-1 [7]. 



Cubic law 

Volume-dependence of the rnaximurn rate of 
explosion pressure rise 

(dp/dt) „, . v " ~  = const = Ks,. 

Dust 

Finely divided solid substance of any shape, 
structure und densiiy below a particle size 
of about 500 Pm. 

Dust/air mixture 

Dust whirled up in air (dust cloud). The dust 
concentration is the characteristic quantiiy. 

Dust explosion classes 

Categories, into which dusts are classified 
on the basis of their Ksl volues. 

Dust explosion 
class in bar. rn . s '  

>o to 200 
St 2 >200 to 300 

St 3 >300 

Explosion 

Abrupt oxidation reaction producing an 
increase in temperature, pressure, or in both 
sirnultaneously. 

Kst value 

Parameter specific to dust und test rnethod, 
which is calculated according to the cubic 
law. It is numerically equal to the value for 
the maxirnum rate of explosion pressure rise 
in the 1 m3 vessel under the test conditions 
specified in VDI Guidelines 3673, Part 1 
und 2263, Part 1 as well ISO 61 84/1. 

Limiting oxygen concentration LOC 

The maximum oxygen concentration in a 
dust/air/inert gas mixture, at which an 
explosion does not occur, under specified 
test conditions. 

Lower explosion lirnit LEL 

Lower limit of the range of the concentration 
of dust in air, at which the dustlair rnixture 
can be caused to explode. 



Maximum explosion (0ver)pressure p„ 

The rnaxirnurn pressure value occurring 
during the explosion of a dust/air rnixture of 
optirnum concentration in a closed vessel 
under specified test conditions. 

Maximum rate of explosion pressure rise 

(dp/d9„ 

Maximum value of the pressure rise per unit 
time in a closed vessel occurring during the 
explosion of a dust/air mixture of optirnurn 
concentration under specified test conditions 
(see also "Cubic law"). 

Median value MV 

Value for the rnean particle size (50 % in 
weight of the dust is coarser and 50 % in 
weight is finer than the median valuel. 

Minimum ignition energy MIE or E„ 

Lowest electrical energy stored in a capaci- 
tor, which upon discarge is sufficient to 
ignite the rnost ignitable rnixture of dust and 
air, under specified test conditions. 

Minimum ignition temperature of a dust 
cloud (ignition temperature) I1  

Lowest ternperature of a hot surfoce at 
which the rnost flarnrnable rnixture of dust 
and air ignites under specified test condi- 
tions. 

Minimum ignition temperature of a dust 
layer of 5 mm thickness 
(glowing temperature) G1 

Lowest ternperature of a hot surface on 
which ignition occurs in a 5 rnrn thick layer 
of dust under specified test conditions. 



3 Preventive and protective measures and characteristics to be 
noted 

According to the explosion prevention und 
protection guidelines (EX-RL), VDI 2263  
[8,3] und the new European regulations 
[7,9,10] a distinction is made between two 
types of measures: 

- preventive explosion measures 
(avoidance of explosions) 

- protective explosion measures 
(avoidance of the dangerous impact of 
explosions by constructional protective 
measures). 

The aim of the preventive explosion protec- 
tion measures is to prevent the occurrence of 
explosions by eliminating or avoiding the 
conditions for explosions. If this aim cannot 

be fulfilled or can only be fulfilled with con- 
siderable effort, comparable safety can be 
achieved by limiting the effects of an un- 
avoidable explosion to an acceptable ex- 
tent. 

Knowledge of the combustion and explo- 
sion characteristics of the dusts to be han- 
dled is required for appropriate selection 
und dimensioning of preventive und protec- 
tive measures (see Table 1 ). 

Advice on the implementation of preventive 
und protective measures is included in the 
guidelines und publications listed in the 
references. Of particular interest here are 
VDI 2 2 6 3  [3] und EN 1 127-1 [7]. 

Table 1 : Correlation of preventive/protective measures with safeiy characteristics 

Preventive/Protective measure 
Prevention of combustible dusts 
Limiting concentration 
lnerting 
Prevention of ignition sources 

Explosion-resistant design 
Explosion relief 
Explosion suppression 

Pertinent characteristics 
Combustibility, explosibility 
Explosion limits 
Limiting oxygen concentrat~on 
Minimum ignition energy, ignition temperature, 
glowing temperature, auto-ignition behaviour, 
exothermic dec~m~os i t ion ,  elektrostatic behaviour, 
impact sensitivity, smouldering point 

Maximum explos~on overpressure 
Ksrvalue, maximum explosion overpressure 
Ksivalue, maximum explosion overpressure 



4 Test framework 

A comprehensive knowledge of the 
cornbustion and explosion behaviour of the 
substances concerned is necessary to be 
able to evaluate the safety of plants and 
processes. Firstly, the chemical cornposition 
of the substances rnust be known. If oxidisa- 
bility of a substance can be precluded, tests 
can be dispensed with. It can then be 
designated non-flammable and non- 
explosive. 

If oxidisability is likely or cannot be pre- 
cluded, the characteristics must be deter- 
mined by means of experiments. It is not yet 
possible to calculate these characieristics 
frorn basic data, on cornbustion heat, for 
example. Fig. 1 shows a tried and tested 
frarnework for testing combustion and ex- 
plosion behaviour [3,7,8,1 1,12,14,18, 
241. 

The characteristics should initially be deter- 
mined for fine dusts to find out the most 
critical conditions to be expected in prac- 
tice. This is especially important if the de- 
gree of fineness changes or the number of 
fine particles increases during a process 
(e.g. by grinding, abrasion, exhaustion or 
sedimentation). The tests on deposited dust 
are generally conducted with the fraction 
<250 prn and those on whirled-up dust with 
the fraction <63 Pm. It might be necessary 
to prepare the test sample by suitable treat- 
ment. 

To solve certain problems, however, it might 
also be useful to test the dust without special 
treatment, in other words in its "operational 
condition". 



4 Test framework 

Dust sarnple + 
Moisture content 

Explosion limits 
Max. explosion pressure Limiting oxygen concentration 
Max. rate of pressure rise lgnition temperature 

Fig. 1 : Flow diagram for investigation of the combustion und explosion behoviour of dusts 

12 



5 Test rnethods 

The characteristics listed in the tables have 
been determined according to the methods 
briefly described below. 

Particle size distribution, median value 

The particle size distribution of a dust is 
always determined by a screen analysis. To 
this effect the dust to be tested is sieved 
onto standard test screens und the screen 
residue is weighed. If the residue in weight 
per cent is plotted over the particle diarneter 
in the RRSB grid, a distribution curve occurs, 
indicating the median value of the tested 
dust. The median value can be used to 
roughly characterise the fineness of the dust 
sample. If a screen analysis cannot be 
carried out, wet or sifting rnethods are used 
to deterrnine particle size distribution. 

Moisture content 

The rnoisture content of the substance to be 
tested is rneasured as the difference be- 
iween the weight of wet dust und the 
weight of dried dust. This is deterrnined by 
carefully drying the dust until a constant 
weight is achieved. 

Lower explosion limit 

The lower explosion limit is determined by 
the explosion tests described below to de- 
termine P„, and Ks, It can also be esti- 

mated approximately on the basis of the 
tests in the rnodified Hartmann tube. 

Maximum explosion pressure, maximum 
rate of explosion pressure rise, Ks, value 

Relioble values for these explosion charac- 
teristics of dusts are obtained if a sphere- 
shaped vessel with a volume 2 2 0  1 is used. 
The values in the tables are based on tests 
in the 1 rn3 vessel and/or 2 0  1 sphere. 

In the 1 rn3 vessel (Fig. 21, the dust to be 
tested is poured into a 5 1 dust container, 
located outside the explosion vessel. The 
dust is usually blown into the explosion 
vessel via a sernicircular perforated 3/4" 
pipe running along the inside wall of the 
vessel. The diarneter of the 2 0  or 13 holes 
in the pipe wall is 5 mrn or 6 mrn respec- 
tively. Corn pressed air under an overpres- 
Sure of 2 0  bar in the dust container ensures 
sufficiently quick discharge of the dust und a 
right turbulence inside the explosion vessel 
after a blasting cap or electro-pneurnatically 
activated valve is opened, so that an ade- 
quately homogeneous dust/air rnixture with 
a defined concentration is present in the 
explosion vessel at the ignition time. The 
ignition delay time, i.e. the time between 
the start of dust iniection und triggering of 
the ignition source, is an arbitraiy quantity 
for the degree of turbulence at the rnornent 
of ignition. 



5 Test rnethods 

Pressure sensor Perforated semicircular Spray pipe 

t 

Pressure sensor Waste gos 

e- 

Fig. 2: Test apparatus for the determination of the explosion behaviour of dusts (1  m3 vessel; 
schematic) 



Turbulente is necessary, on the one hand, 
to keep the dust in suspension, on the other, 
it affects the course of the explosion. With 
diminishing ignition delay time the turbu- 
lence increases und the values for the 
maximum rate of explosion pressure rise 
und the maximum explosion pressure in- 
crease. The latter approaches a maximum 
value, 

which is achieved when the dust to be 
tested has iust been fully discharged from 
the dust container. The associated ignition 
delay time is 0.6 s (Fig. 3). Shortening of 
the ignition delay time to values below 
0 . 6  s results in an increase in the rate of 
explosion pressure rise. All tests are based 
on an ignition delay time of 0.6 s. 

Dust 
container 

Explosion 
vessel 

Time in s - 
Fig. 3: Course of the explosion at the tests of dusts in the 1 m3 container (schematic) 

The dust/air mixture is ignited in the recorded time resolved via pressure 
centre of the explosion vessel. Two sensors inserted in the vessel wall. 
chemical igniters with a total energy of 
10 000 J are always used as ignition 
source. The course of the explosion is 



5 Test methods 

In the Course of a series of tests, the dust 
concentrations are varied, und the explo- 
sion pressure und the rate of explosion 
pressure rise of the reaction is determined. 
Starting with a dust concentration of 500 g 
m" in euch case, the concentration is in- 
creased gradually by 250 g m" und, if 
necessary, reduced by halving the concen- 
tration until the maximum values for the 
pressure und the rate of pressure rise are 
clearly ascertained. The concentration, at 
which ignition of the dust/air mixture no 
longer occurs is determined by further reduc 
tion of the dust concentration according to 
the sarne method. 

By reducing the dust concentration stepwise 
in the Same way, the concentration is de- 
termined at which no ignition of the dust/air 
mixture occurs at least three times. If this 
result is the same when using an ignition 
delay time of 0.3 s this dust concentration 
will be called the lower explosion limit of 
the tested dust. 

In the case of the 20 1 sphere, the test 
method and the construction of the equip- 
rnent are basically the Same as for the 
1 m3 vessel. They are specified in such 
a way that values comparable to those in 
the 1 m3 vessel are obtained within the 
measuring accuracy lirnits. 

Apart from vessel size, the rnost important 
differences are that partial evacuation must 
be undertaken before the actual test (to 
achieve atmospheric pressure in the explo- 
sion vessel aber the dust is blown in), und 
that the ignition delay time is only 0.06 s. 
A further difference is that the investigations 
over the wide concentration range are 
conducted in three series und the maximum 
explosion pressure und maximum rate of 
explosion pressure rise are calculated by 
forming the mean value of the maximum 
values of euch series. 

With the aid of the "cubic law" 

(dp/dt) „, . V 'I3 = constant = Ksi 

the maximum rate of explosion pressure rise 
is converted to the Ks,value which is inde- 
pendent of the volume. As it is the case in 
the 1 m3 vessel, iwo chemical igniters with a 
total energy of 10 000 J are used as igni- 
tion source [3,4,5,16]. 

Dust explosibility/dust explosion class 

Dust explosibility exists if a flame spreads 
after ignition in a dustlair rnixture, causing 
a pressure increase in a closed vessel. 
Explosibility is preferably determined in 



closed apparatuses according to the de- 
scribed rnethods. While the sarne ignition 
source is used in the 1 m3 vessel as in the 
test to deterrnine the characteristics p„ und 
KSf (E= 10 U), the ignition energy to deter- 
rnine dust explosibility in the 20 1 sphere is 
only 1 kj to 2 kJ [3]. 

If the described method produces no pres- 
Sure build-up (Ap <0.5 bar above the initial 
process-related pressure), the dust in the 
tested form (cornposition, particle size, 
rnoisture content) is regarded as non-dust 
explosible. If a pressure value of r 0.5 bar 
a bove the initial process-related pressure 
occurs, the dust is regarded as in rnixture 
with air explosible (dust explosible). 

The modified Hartmann tube can also 
indicate to a certain extent explosibility und 
dust explosion class. The rnodified Hart- 
rnann tube (Fig. 4) consists of a vertically 
arranged glass tube with a volurne of about 
1.2 1, which is closed at the top by a 
hinged lid. The dust to be tested is placed 
on the bottorn of the apparatus und distrib- 
uted by a defined air blast guided via a 
rnushroorn-shaped atorniser frorn a preced- 
ing cornpressed-air reservoir ( V  = 50 rnl, 
p = 8 bar). 

The dust quantity introduced is varied over 
a wide range in euch of three test series. 

A continuous spark gap serves as ignition 
source. In the event of non-ignition, the test 
is repeated with a stronger ignition source 
in the form of a glowing coil [17]. 

Depending on the reaction of the dust/air 
mixture, the lid is opened to a varying extent 
und the opening angle displayed digitally 
in three Stages via inductive transrnitters. The 
rnaxirnum reactions are evaluated accord- 
ing to the following rnethod: 

- lndication " 0  (without visually percepti- 

ble independent flarne propagation) 
rnerely rneans that no ignition occurs un- 
der these test conditions. However, clas- 
sification of the dust particle as non-dust 
explosible is not justified. More extensive 
tests in closed vessels are necessary. 

- "1  " indicates that the dust in the rnixture 

with air is explosible und should be 
clossified in the dust explosion class 
St 1 . Visually perceptible independent 
flarne propagation, even without deflec- 
tion of the hinged lid, is equal to " 1 ". 

- "2" also indicates that dust explosibility is 

present, but does not perrnit classifica- 
tion in a dust explosion class. More ex- 
tensive tests in closed equiprnent are re- 
quired. 



5 Test methods 

Fig. 4: Modified Hartrnann tube (schernatic; left: application with glowing coil, right: ap- 
plication with induction spark) 

Limiting oxygen concentration tration in air the oxygen concentration will 
be reduced by steps of 1 % V/V adrnixing 

For the deterrnination of the lirniting oxygen inert gas until the rnixture can not be ignited. 
concentration the sarne apparatus und The decrease of the optirnurn dust concen- 
procedures are used as for the dust explosi- tration when decreasing the oxygen concen- 
bility. Storting with the optirnurn dust concen- tration has to be taken into account. 



The quoted values of the lirniting oxygen 
concentration are based on nitrogen as ineri 
gas. Generally, the values will be higher for 
other inert gases [3]. 

Minimum ignition energy 

The lowest value of capacitively stored 
electric energy, which is just adequate to 
ignite the rnost flarnrnable rnixture of dust 
und air at atrnospheric pressure und roorn 
ternperature during the discharge prolonged 
by an inductance in the discharge circuit via 
a spark gap, is referred to as the rninirnurn 
ignition energy of a cornbustible dust in rnix- 
ture with air. 

The rninirnurn ignition energy can be deter- 
rnined as well in the rnodified Harirnann 
tube as in the 2 0  1 sphere or in the 1 rn3 

vessel with use of a suitable capacitor dis- 
charge device [15,19]. 

The results are usually indicated as a pair of 
varieties in the logarithrnic graduation. The 
lower value refers to the energy which 
caused no reaction according to the speci- 
fied process. The higher value refers to the 
lowest used energy which led to ignition. 

Minimum ignition temperature of a dust- 
cloud (ignition temperature) 

To deterrnine the ignition ternperature ac- 
cording to Godbert-Greenwald [Fig . 51 a 
srnall quantity of dust (0.1 g to 3.5 g) is 
blown down into an electrically heated, 
vertically arranged tube 36  rnrn in diarneter 
und 400 rnrn long by rneans of a variable 
air blast ( V =  50 crn3 to 300  crn3, 
p =  1.1 bar to 1.6 bar). 



5 Test methods 

3 Therrnocouple 

6 Electrovalve 
7 Pressure vessel 
8 Shut-off valve 

Fig. 5: GodbertGreenwald equiprnent (schernatic) 

In the so-called BAM-oven, the dust to be 
tested is blown against a vertical irnpact 
surface, the hottest point inside the horizon- 
tal oven. The concentration of the dust/air 
rnixture is varied within certain lirnits through 
the input of different quantities of dust und 
the lowest ternperature, at which ignition 
occurs, is deterrnined. 
The airn of these tests is therefore to deter- 
rnine the ignition behaviour of a dust cloud 
in transient contact with a hot surface in a 
closed ternperature field. The lowest tern- 

perature at which the dust/air rnixture tested 
in the described equiprnent burns with a 
closed flarne, is referred to as the ignition 
ternperature. 

In the case of Sedimentation of the dust 
caused by the horizontal arrangernent of the 
BAM-oven, srnouldering gases rnay arise, 
so that the values deterrnined in this equip- 
rnent rnay be lower than those deterrnined 
with the GodbertGreenwald equiprnent 
[3,13,18,20]. 



Minimum ignition temperature of a dust. 
layer of 5 mm thickness 
(glowing temperature) 

The glowing ternperature is deterrnined on 
an electrically heated plate 185 rnrn in 
diarneter, the ternperature of which is con- 
trolled with an accuracy of rt 2 "C by ther- 
rnostats. The sarnple is spread in a circular 
shape ( 1  00 rnrn diarneter) in a 5 rnrn thick 
layer in the centre of the preheated plate 
and the reaction behaviour observed - 
sornetirnes with the aid of a sensitive ther- 
rnocouple. Signs of glowing phenornena 
are rnade clearer, if necessary, by careful 
fanning. The lowest plate ternperature, at 
which parts of the sarnple glow within iwo 
hours after application, is referred to as 
glowing ternperature [3,6,13,18]. 

Combustion test 

These test checks whether and to what 
extent a fire started by external ignition can 
spread in deposited dust. An atternpt is 
rnade to ignite the dust sarnple heaped to 
form a strip of product about 2 crn wide 
and 4 crn long at one end with a glowing 
platinurn wire with a ternperature of about 
1000 "C. The wire is irnrnersed only briefly 
in the dust sarnple, so that the latter is not 
heated. A 5 rnrn to 20 rnrn thick cerarnic 
plate is used as a base. In the case of rnelt- 
ing substances, a rnodified cornbustion test 
is also carried out on a sarnple to which 
20  % in weight kieselgur has been added. 
The result frequently indicates obvious corn- 
bustion behaviour. The flarnrnabiliiy is evalu- 
ated by the class nurnbers BZ 1 to BZ 6 
according to the following classification: 

Does not catch fire 

Catches fire briefly and extinguishes rapidly 

Local burning or glowing without spread 

Spread of a glowing fire 

Spread of an open fire 

Very rapid cornbustion 

BZ 1 

BZ 2 

BZ 3 

BZ 4 

BZ 5 

BZ 6 



6 Effect of different parameters on the explosion behaviour 

As already rnentioned, various pararneters 
may affect the explosion behaviour of dusts. 
These include, in particular, the fineness und 
water content of the solid material, the pres- 
ence of solvent vapours, cornbustible or 
srnouldering gases und the oxygen content 
in the rnixture. 

the rnixture with air is above the lower ex- 
p/osion lirnit, in general a dust ex~losion is 
possible. In this connection it should be 
noted that abrasion of coarse dust, caused 
by a varieiy of reasons in practice, rnay 
produce fine dust. 

Water content 
Fineness 

The explosion behaviour of dusts depends 
to a large extent on the particle size distribu- 
tion. Hence, the latter must be specified at 
the sarne time as values for the explosion 
characteristics. Often only the median value 
is rnentioned as a guide. The dependence 
of the rnaxirnurn explosion overpressure und 
rnaxirnurn rate of explosion pressure rise on 
the median values is plotted for different 
dusts in Fig. 6. 

lt is evident that with dirninishing particle 
size the tendency of the dusts to explode 
increases. Finer dusts ignite rnore easily und 
react rnore violently than coarser ones. The 
increase in the proportion of coarse parti- 
cles in the dust sarnple, e.g. by adrnixing 
granulate not explosible by itself to explosi- 
ble fine dust, leads only to a darnpening of 
the explosion and thus to reduced values of 
the characteristics p„ und K.,or to higher 
values, for exarnple, for the rninirnum igni- 
tion energy or the lirniting oxygen concentra- 
tion. As long as the fine dust proportion in 

Basically, the values for the explosion char- 
acteristics dirninish as water content in- 
creases. This effect plays hardly any role up 
to a water content of about 10 % in weight. 
Only the raisabiliiy of the rnaterials can be 
reduced. Clear reduction of the explosion 
characteristics p„ und K„ occurs only 
above 20 % in weight to 30 % in weight 
water content (Fig. 7). 

Cornbustible gases and vapours 

The explosion behaviour of dusts rnay be 
affected und increased by the addition of 
cornbustible gases, srnouldering gases or 
solvent vapours. Such cornbinations of 
cornbustibles are referred to as hybrid mix- 
tures. In the case of hybrid rnixtures, the 
rnaxirnum rate of explosion pressure rise in 
particular becornes higher (Fig. 8) und the 
rninirnurn ignition energy lower than in pure 
dust/air rnixtures. Hybrid rnixtures rnay even 
be explosible if the concentrations of the 
gases, vapours or dusts are individually 
below their lower explosion lirnit. 
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Fig. 6: Effect of the median value on the explosion behaviour (V= 1 m3, E=lO 000 J) 



6 Effect of different parameters on the explosion behaviour 

Fig . 7: Effect of the water content on the explosion behaviour (V= l m3, E= 1 0 000 J) 

24 

L 

10 
U 

_O 

2 
3 
U) U) 

i 
0 
(D > 
O 5 -  
8 .- 
ö - a 
8: 
X 

3 
0 - 

----- 

\ 
\ 
\ 

\ 
\ 
\ 

0 20  4 0  6 0  
Water contentp? by weight 

- 200 - 
V) 

8 
D 
\ 

!4 .- 
L 

(D 
L 

3 

f 100 
L1 

L+.. 

0 
a, - 
0 
X 

3 
O T  

I I 

Peat (MV approx.48pm) 
Polyacrylonitrile (MV approx.80pmj 

. 
'\ 

\ --- 
0 20 40 60 

Water content/% by weight 



Fig. 8: Effect of the solvent vapour concentration on the explosion behaviour of a pharmaceuti- 
cal substance with different concentrations (V=] m3, €=I O 000 J) 

0 1 2 3 4 
Solvent vapour concentration/% by volume 

200 - - 
V1 
L 

U 
11 
\ 

/ 

% .- 
L 

L 
3 

3 100- 
L1 

LI- 

0 

9 
0 
X 

3 
01 
0 1 2 3 4 

Solvent vapour concentration/% by volume 

/ .  
/ '  / .  

/ '  

/ 
/' 



6 Effect of different parameters on the explosion behaviour 

Oxygen concentration Content of noncornbustible solids 

Reduction of the oxygen content of a com- The admixing of non-cornbustible (inert) 
bustion atrnosphere, e.g. through the addi- solids to a dust/air mixture reduces the 
tion of inert gas, reduces the force of an explosion severiiy und is a iype of inerting. 
explosion. If the limiting oxygen concentra- The proportions of inert substances in the 
tion is not achieved, it is no longer possible entire rnixture of fuel und inert substance, in 
to initiate an explosion [2 1 to 251. which it is no langer possible to initiate 

ignition by customary test methods, are 
specified in Table 2 on the basis of some 
examples. 

Table 2: lnerting of combustible dusts by adrnixing inert solid rnaterials (V=l  m3, E=l O 000 j] 

Fuel 

Methyl cellulose 

Organ~c pigrnent 

Biturninous coal 

Bituminous coal 

sugar 

Median 
value 

pm 
70 

<10 

20 

20 

30 

Inert solid material 

Calcium sulphate 

(CaS04) 
Ammonium dihydrogen phos- 
phate (NH4H2P04) 
Calcium carbonate 

(CaC03) 
Sodium hydrogen carbonate 
(NaHC03) 
Sodium hydrogen carbonate 
(NaHC03) 

Median 
value 

pm 
<15 

29 

14 

35 

35 

Proportion in 
the total weight 

% by weight 
70 

65 

65 

65 

50 



7 Limits oi applicability 

There are lirnits of applicability of the 
cornbustion und explosion characteristics 
specified in these tables. They are based on 
the wide variation possibilities in the nature 
of the dusts (e.g. cornposition, particle size 
distribution, surface structure, moisture con- 
tent), on the one hand, und on the depend- 
ence of the nurnerical value of the character- 
istics on the test rnethods, on the other. 
Hence, the User rnust always be aware that 
the tabulated values can only serve as a 
guideline for the design of preventive and 
protective rneasures. 

Above all, the tables should indicate which 
substances have already been tested, 
whether the substances are dust-explosible 
and on what scale the rnost irnportant data 
can be expected. They frequently illustrate 
the problern involved with cornbustible 
dusts, i.e. that very different values can 
occur for what appear to be the sarne dusts. 
This highlights the need to test the dust to be 
handled whenever it is unclear if certain 
irnportant influencing factors, such as corn- 
position, fineness and rnoisture content, 
coincide cornpletely with the existing condi- 
tions in the case to be assessed. 

This applies also concerning the fact that 
despite careful cornpilation rnistakes can not 
be excluded at this large extent of data. 

In sorne cases where numerous data are 
available, however, it might be legitimate to 
"play safe" in that the assessment is based 
on the rnost critical values. 

The characteristics listed in the tables are 
cornparable both with euch other und also 
with other characteristics deterrnined by the 
sarne rnethods. They are not cornparable, 
however, with values deterrnined by other 
rnethods. 

It should be noted that higher values for the 
rnaxirnurn explosion pressure und the rnaxi- 
rnurn rate of explosion pressure rise or the 
KSf value as well as lower values for the 
lower explosion lirnit, for the ignition tern- 
perature und for the rninirnurn ignition en- 
ergy rnay occur with dirninishing particle 
size und rnoisture; hence the nurnerical 
values of the explosion characteristics vary 
towards the "rnore hazardous" side (cf. 
Section 6, Effect of different parameters on 
explosion behaviour). 

The characteristics in the tables apply to the 
following conditions in the operating plants: 

Pressure from 0.9 bar to 1.1 bar 

O ~ g e n  approx. 2 1 % V/V 

Ternperature frorn 0 "C to 30 "C 



7 Limits of applicability 

lf conditions other than these so-called rnore critical cornbustion und explosion 
"atrnospheric conditions" exist in practice, behaviour. 
Special considerations should be rnade und, The tabulated values do not apply if the 
if necessary, the characteristics deterrnined sirnultaneous presence of cornbustible dust 
under the boundary conditions existing in und gases, vapours or rnists (hybrid rnix- 
the factory. lncreased pressure, oxygen tures) can be anticipated (cf. Section 6, 
content und ternperature also point to a cornbustible gases und vapours). 
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9 Explanatory notes for the tables 

Material 

The individual rnaterials are arranged al- 
phabetically within the product groups. 

Material number 

The material nurnber facilitates identification 
of a tested dust. 

Particle size distribution/rnedian 
value/moisture content 

The fineness und rnoisture content refer to 
the state of the dust sarnple as delivered 
respectively as tested. The "delivered" state 
rnay be identical to the tested state. The 
listed cornbustion und explosion characteris- 
tics always apply only to the dust with the 
conditions described in the sarne line. If no 
data is provided on rnoisture content of the 
delivered state, it rnust be assurned that the 
substance has reached rnoisture saturation. 
Prepared testing sarnples, on the other 
hand, consist of dried dust with a residual 
rnoisture usually of 12 % in weight respec- 
tively 54 % in sorne cases. 

Lower explosion limit 

lnsofar as no values are available frorn the 
1 rn3 vessel or frorn the 20 1 sphere (identi- 
fiable in that no data on p„ und KS, are 
included), the cited value indicates for in- 

forrnation purposes the appropriate concen- 
tration frorn tests with the rnodified Hart- 
rnann tube. In sorne cases the values are 
calculated. 

Maximum explosion overpressure/ 
Ksf value 

For the design of the properiy of vessels or 
equiprnent, overpressure is usually used in 
practice. This is why the rnaxirnurn explosion 
wpressure pm,is indicated in tables. 
The inforrnation "No ignition (n.i.)" indicates 
that the respective dust in the tested state is 
not explosible. It is not perrnissible to gen- 
eralise this Statement especially to finer or 
drier dust. 

Dust explosibiliiy 

The inforrnation 'yes" to dust explosibiliiy 
refers to tests which could not be carried out 
in the whole scale of deterrnining the char- 
acteristics. But they showed clearly that the 
tested material is dust explosible. The infor- 
rnation "no" (non-dust explosible) is only 
given if the results of tests with fine dusts in a 
closed apparatus produced "no ignition" 
und the result of the cornbustion test is 
"BZ 1 ". Data on the dust explosion classes is 
usually derived frorn the respective KS, value. 
lnsofar as only results of explosion tests in 
the rnodified Hartrnann tube are available, 
classification only in the dust explosion class 



9 Explanatory notes for the tables 

St 1 is regarded as certain und is shown 
without reservation. Other results frorn the 
rnodified Hartrnann tube, on the other hand, 
appear in brackets, e.g (St 2), und, apart 
frorn indicating the presence of a dust- 
explosible substance, only act as a rough 
guideline. 

Limiting oxygen concentration 

Usually Single values are given. They repre- 
sent the highest oxygen concentration at 
which - under described test conditions with 
step width of 1 % V/V - no ignition occurs. 
If an interval is given, the additional upper 
value represents the lowest used oxygen 
concentration with ignition of the rnixture. 

Minimum ignition energy 

Usually a pair of varieties in the logarithrnic 
graduation is given. The lower value refers 
to the energy which caused no reaction 
according to the specified test conditions. 
The higher value refers to the lowest used 
energy which led to ignition. If only an 
individual value is indicated, the addition 
"<" rneans that the dust rnight ignite if the 
indicated energy is sparked. If ignition was 
not possible with the indicated energy, ">" 
appears. Values for the rninirnurn ignition 
energy deterrnined with no inductivity in the 
discharge circuit are given with the rernark 
"n.ind.". 

Minimum ignition energy values 21 o5 rnJ 
corne from tests in closed test apparatus 
according to the procedure described for 
the deterrnination of p„ und Ks,but using 
chemical igniters producing the ignition 
energy. 

lgnition temperature 

The values specified in brackets for the 
GodbertGreenwald apparatus (GGJ refer 
to an older test equiprnent with a slightly 
longer tube. They are lower than the values 
deterrnined with the 400 rnrn tube. The 
abbreviation "n.i.u. . . ." rneans: no ignition 
up to ... "C. 

Glowing temperature 

The glowing temperature applies by defini- 
tion to a 5 rnrn thick layer. With thicker 
layers the ignition partly rnay occur at sub- 
stantially lower ternperatures. The abbrevia- 
tion "n.g.u. ..." rneans: no glowing up 
to ... "C. The inforrnation "rnelts" means that 
the substance rnelts or Sinters in such a way 
that the dust character is lost before a glow- 
ing ternperature is achieved. 

Combustibiliiy 

The values specified in brackets refer to the 
rnodified cornbustion test with rnelting sub- 
stances after adrnixing 20 % by weight 
kieselgur. 
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