Chapter III

Fundamentals of Dust Explosion

3.1 Historical Review

appreciation of their true ciis ' # gelatively slow in developing. In
particular great difficulty W&\ Yperidee® ¥ accepting that an explosion
could be caused by tivess ‘ getneesifie presence of a flammable

For instance, an account
blished shortly afterwards
Mlignition first occurred in

gas to support the eXpic.
of a flour dust expi€Sio:
(Morozzo,1795) in

flammable gas given St “Sithough it was recognized

that the dust itself congdhi €8 P BiB 8 de\explosion. Over 100 years
elapsed before it was™ o @y 120 L 1 s explosions in coal mines
could be initiated and #Us@inedfes ~ie sifaitne, without needing support

from flammable mine ga# G 1k tioh was finally clarified early in

the present centuryr. explesicaby/ v3/; Qus other industrial dusts had

occurred, and the/ Aal Was  apen Mo SNmaENsaEohal assessment of the
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explosion hazard atu E“- S
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A review of Hijle position™gave™lciails df} numerous explosions in
various industrial dusgs. and estimaies of life and economic losses

(Price,1922). ﬂﬂcﬁj’&fﬂuﬁ%‘&ﬁﬂﬁﬁﬂ;? the United States

and Canada sifjffe 1860 (NFPA1957} excluding those in coal mining, gave
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Comparable statistics have not been published for the number of explosions
and loss of life and property in the United Kingdom. The number of
incidents notifiable by law in the U.K., involving dusts, in recent years has
averaged about two or three per month. A technical review, covering data
up to 1959, gave general references (Brown,1962) particularly to dust
explosion in factories. A review of mining explosions in India
(Deshmukh,1966) covered both dust and gas, and explosions involving both.
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The causes and effects of the explosions were similar to those reported
earlier in the West.

3.1.1 Definitions of Dusts and Dust Explosions

What is dust? oy
Dust consists of sdldy L A because of their small size, will
reach a uniform setHFEsweiii in‘-ﬂ, after a short distance of

acceleration. The v,
Bartknecht (1989) dg
and density”. It iy
100 to 300 pm.
designated as fine" d:

e cm/s (0.012 to 4.3 in/sec).
) olid of any form, structure,
dust” if the particle size is
of 100 to 300 pm are
ize of 30 to 100 pm as

“finest dust." The #0ri, W de 30 pm are called “dust in
dust.” (Bartknecht, 1989 | ,..;“}
(Note: NFPA 68 (1988) dflingtadiui: , ely divided solid, 420 microns

(wm) or smaller (less than -L-",Lﬁ

What is a .4 "‘r‘r
If many co un CoMouane SRgSSs are as a cloud in the
air and ignited, a ﬂ will propagate through the cloud. Such dusts

included W%lﬂ%ﬁ Wﬂ%ﬂ ‘inthatic materials such

as plastics, cRgmicals and phamaoauhcais metals such as aluminium and

el mamw W ITHTNL oo

similar clmumstances. For a cloud dispersed in the open air the result of
ignition is a flash of flame, developing litle hazardous pressure. If the dust
cloud is confined as in a plant or a room, then pressure effects would be
expected depending on the size of the cloud, the nature of the dust, and
the ease of discharge to the atmosphere.

In pneumatic conveying, dust is certainly dispersed as cloud, usually in
air, and consideration must therefore be given to the possibility of dust
explosion, should a source of ignition be present (Palmer,1973).
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3.1.2 Occurrence of Dust Explosions

Dust explosions have been known for approximately 200 years, ever
since the wind mill was introduced in 1752-1756 for the purpose of grinding
cereal grains.

The first explosion which was recognized as a dust explosion occurred
in Italy on December 14, ‘ 5 _reported by the Turin Academy of
Science as a flour dust ¥ A £ Bouse in Turin.

Five additional Ti0Mimehs grosmee e . o -11c  oycitement occurred
over the next 100

Table 3.1 Dust expl

Year Location - Damage

1785 Turin (ltaly) Warehouse destroyed
1858 Stettin (Poland)
1860 Milwaukee (USA)
1864 Mascoutah (USA)
1869 Unknown (CHrg f j-ocal damage to mill

1887 Hameln (CGLT iX' Jsilo and building destroyed

Mill building destroyed
Mill building destroyed
Mill building destroyed

.,I T
|
i i¥

In 1887, a g?lia dust exploaign destroyed a silo of the “new

Wesermuhle”ﬂ m’lﬂg anlmt 'BHMMMI of the “Verein
Deutscher Ingepieure™ of November 7 descri explosion as follows :
“This agci is.unjgue. g0 thé copfinept’ S Until ﬂe had no idea
o e Il BANT L) DT b L)

v%ith increasing industrialization and the change from smaller facilities
to large industrial complexes, the frequency of dust explosions has increased
since 1887.

Most early dust explosions occurred in places where production and
dust generation were high due to size and productivity., Up to 1992, the
USA and Canada experienced 217 dust explosions. These involved organic
dusts from mills, grain elevators and silos, starch plants and refineries, as
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well as plants processing aluminum, chocolate, paper, rubber, seasoning, etc.
The muititude of installations affected by dust explosions is striking.

A more recent USA statistic for the time period 1900-1952 lists the
dust types involved in 769 explosions (Table 3.2). The total damage
amounted to 88 million dollars and involved 464 casualties and 1229 injured.

Statistical information o 11'1 ‘ / bsions in Germany is scarce for that
time period. Nevertheles: . /" xplosions were reported for the
time period 1890-1922 MWwesibdeggte “a=m®®ioohic results. One of the
worst explosions oCGum Malrchas - in Frankenthal, kiling 6

operators and causing

Table 3.2 Type of Dus
(Bartknecht,1989)

Ms in the USA (1900-1952)

% Number of e

2 A ANy NeINn
. qmaifanimiiiﬁﬁﬂmé’ ¢

‘l,‘_l i¥

100 769

Nowadays, dust explosions are - in the true sense of the word -
commonplace in the former Federal Republic of Germany, although only a
fraction are recorded, as mentioned earlier (BIA,1982). But not all the mishaps
have such a terrible outcome as the 1979 flour dust explosion in the
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e
Figure 3.1: "Bremer Roland #ill" 'b': K explosion, 1979
SYaidind o 2

“Bremer Roland Mi[i2\(F ' L L17 injured, and property
damage of 100 mill& DM )

Statistics on dB explosie apen are difficult to obtain since only
major incidents are ogwered by the bnr Standards Inspection Offices

(Bartknecht, 19ﬂ 1{‘% ﬁﬁ rj w axplosinns reported
with 93 worker qgleaths and inju uring the past 38 years between
1952 a n 1952 and
po-V Wit i kit il
about 27 pernent of these explosions between 1968 and 1986 arose from
metals. Naturally, industrial processes have been varied with the times. In
concert with that, the dust involved in the accidents also have changed in
Japan. In other countries, the grain elevators and coal mines are the two
most often cited locations where dust explosions have occurred.

357 dust explosions have been analyzed and the frequency of
involvement of the various dust categories tabulated (Fig. 3.2).
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Figure 38 Frequency distribution of types of equipment involved in 357 dust
explosions (BIA,1982) (1965-1980)

In Germany, as well as in the USA, most of the dust explosions
occurred in the industries cited above. The percentages given in Fig. 3.2
are therefore representative of both countries.

Figure 3.3 shows the percentage of each equipment category involved
in the dust explosions. Every fifth of these happened in a silo or bunker.
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Such silo explosions are often spectacular, especially if an entire cluster of
silos is involved (Fig. 3.4). Grinding and conveying systems, as well as dust
collectors, participate at almost the same ratio.

In conclusion, Fig. 3.5 represents the frequency distribution of the
various ignition sources responsible for the above dust explosions. Although
it is sometimes very difficult to determine the actual ignition source, it is
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apparent that mechanically produced sparks present the most frequent source
in industrial practice, with 29 %. This includes sparks generated through
friction, grinding, and impact. Therefore, it is not surprising that present
research is concentrated on the effectiveness of such sources in the case of
dust/air mixtures. All the other sources combined participate practically with

certainly not complete, may
serve as an overview Oim oo gers /e been known to exist for
the past 200 years in siGees®l. of hoiiWmencombustible dusts. The often-
voiced opinion that a & ARCESSN ghists is safe bacuase it has
not experienced an ’ =LA, Jeges or decades has been

3.1.3 Apparatugfiof i TaN AtcRee Dusts
The attempt to s, o IR, Cxpls in available laboratory

equipment and to reco .' :” = W explosion in a reproducible
fashion was met with substarme==sss = The prerequisite for such tests
was the existence -9f AMUAIGHT" ar e cmst/aii mixture. Such a
requirement see ;;;—T'_I :- equipment for the

determination of the flom characteristics and the
¥ |

assessment of the 04 ngers of an explosion. e equipment was mostly
made of glas

g “FW 300 (1) () [:i011 itedibes

Vital {13?} was one of ghe first tgs,conduct comparative tests to
s 3 STV TR I DIAE) | B R svvon
gas flamél into a long pipe which had a ball made of elder wood at the end.
From the shape and length of the explosion flame as well as the throw of
the wooden ball, Vital estimated the “relative hazard” of the tested dust. .

Approximately at the same time, R. Weber (1875) ran flour tests using
the equipment shown in Fig. 3.6. The dust was deposited on top of a
sieve. Through shaking action, the product fell into a vessel containing an
ignition source (not shown in Fig. 3.6).
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By changing the speed of revolution of the cogwheel, by adjusting the
stroke of the sieve and by combining sieves with varying mesh sizes, dust
streams of differing densities could be produced. The stream was gradually
reduced to just that volume that barely gave ignition. In such fashion,
Weber determined the lower explosible limit of flour at 25 g/m®.

[[remas== "
1 sanmamad il
lfnseas

4
e T TP
e oL, .

Figure 3.6 Apparatus fof =Mexplosion limit,as per Weber

In 1911, Tifanel -F a ,1989) used a photographic
method to determine the rzi= a few dust types. A pre-
weighed amount © ust w as conveved by 2 4= Jof oxygen into a well
defined gasoline "" dength and size of the
flame. Mainly flour, 'ﬂ- and LCycopoadit . dsted.

Figure 3.7 showsg, the apparafys R. Bauer developed in 1917

(Bartknecht, 19ﬂ L) &?Wﬁﬂq%ﬂﬁmmbla concentration

of aluminium dist. The apparatus cnns:sted of a verhcal tube with an

impeller ource and a
loose mwmmmmMHH motor was
stated and the ignition activated. With this arrangement, the lower
explosible limit of aluminium dust was determined at approximately 400 g/m°.
The apparatus which was developed by Steinbrecher (1968) for the

determination of the lower explosible limit of industrial dusts (Fig. 3.8) differed
from the previously described unit in its singly activated dust dispersion

system through a blast of air. The combustion chamber consisted of a
vertical glass pipe with a hemispherical end and a volume of 0.135 L. The
pipe also housed an ignition source and a thermocouple.
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Figure 3.8 Apparatus for the determination of the lower explosion limit, as
per Steinbrecher
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The dust sample was stored just ahead of the explosion chamber and
then dispersed in the cylinder by a jet of air. These ignition tests often
destroyed the glass tube.

The Chemisch-Technische Reichsanstalt (1933-1935) (German Chemical
Technical Institute) used ‘
determination of the explosiby

The dust was firs™ A- at feesWS¥om of the apparatus and then
swiled up by a jet e iaressdi & od through a nozzle. A
glowing wire was usgs / / 1 B0t test results indicated that

/ ’- - 0 arkedly wide range of

P
o
|

‘\i shown in Fig. 3.9 for the
‘-.,/ P ictures.

Zirconium was espg
concentrations.

queAyElnens

care R AR HBAT LA B

investigatd the explosibility of dust/air mixtures

Until recently, Eckhoff (1981) used an oxyacethylene torch for ignition
in testing the explosibility of dust in order to eliminate the risk of a
misjudgement.

The hazard of a combustible dust is not only defined by its
explosibility and explosible range but also by the pressure and violence of its
combustion. In such a context, the maximum explosion pressure and the
pertinent pressure are of special interest. Closed equipment is needed to
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Figure 3.10 Apparatt explosibility of dust/air

mixtures, as per Eckj
test for these parameter Yuipment shown in Fig. 3.6-
3.10 is unsuited for thi
Mason and Taylor {1 :
the explosion chamber (Eig *47?_-. dust dispers‘on, they employed
Steinbrecher's pri ;E,.,_.-g__;:;:;;@:. ndicator for the time-
: ged to the top of the

>-L cylindrical glass vessel as

pressure recording’
vessel. 'l i
Trostal and Ffewart (Bartknech@#989) developed a method which

s m P QRS LD EF B v o

(Fig. 3.12). s the d:sp&rsu)n of the dustfalr rn re occurred in a

RS TN, s

In following Trostel's and Frevert's concept, the “Bundesanstalt fur
Material-prufung” (H. Selle,1957) (German Federal Institute for Materials Testing)
used a very similar apparatus for their dust testing (Fig. 2.13). Initially, lead
strain gages were used for the determination of the maximum explosion
pressure. Once it became obvious that the flame temperature influenced the
results, it was decided to use a mechanical indicator for pressure recording.
As the dust dispersion method generated a slight pressure in the explosion
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vessel, a negative pressure was set at start in order to arrive at 1 bar (abs)
at the initiation of the dust explosion.
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Figure 3.11 Apparatus fogac: =i of the pressure rise of dust

explosions, as petfafosai na e
Yy
[}

AUL NGNS
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Figure 3.12 Apparatus for the determination of the pressure/time behavior of
dust explosions, as per Trostel and Frevert (Volume of the explosion
chamber : 1.4-L)
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Figure 3.13 Apparatus for i
dust explosions, as, pes i e iplogion chamber: 1.4-1)

2

[

ton of the pressure/time behavior of

Figure 3.14 Improved BAM apparatus with a metallic sphere and optical
recording unit for dust investigations (Volume of explosion chamber: 1.7-L)
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Figure 3.15 “Modified H
Lutolf (Volume of the explasicr

for dust investigations, as per
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-
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Subsequen ain, Figure 3.14 shows

the arrangement dEOp-ed in 1957. e spheid

was made out of metal
se of the dust explosion was

i :ﬁﬁﬁan§%ﬂ%ﬂ%eu =

light beam was hatngraphlcally gecorded.

e IR AN VAN UG Y o -

oxygen. This type of ignition was considered extremely powerful since it
also made hard-to-ignite dusts explode. This method of ignition became the
standard for all dust tests in order to maintain equal starting conditions for
dust explosions to be studied.

At approximately the same time, the US Bureau of Mines developed
the so-called “Hartmann apparatus”. The closed explosion chamber was
cylindrical and had a volume of 1.2-L. The dust to be tested was dispersed
into the chamber onto a continuous electrical spark (arc) or a glowing wire
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coil. The values of the pressure and rate of pressure rise were recorded
with either a mechanical indicator or a piezoelectrical pressure transducer
(Anonym,1982).

Figure 3.16 a/b. Apparatus for the determination of the explosion limits and
the rate of pressure rise of dust explosions, as per Gliwitzky; a : equipment
/b:ready for testing (Volume of the explosion chamber : 43-L)
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Subsequently, J. Lutolf (1971) simplified the Hartmann apparatus, a
modification which became known as the “modified Hartmann apparatus”
(Fig. 3.15). It was made out of pyrex glass and the violence of the
explosion was expressed at two levels, depending upon the opening angle of
the hinged cover. The test apparatus resembled closely the one shown in

However, some unag P& aings were inherent in the testing
- -e.g., lower explosible limit,
explosion pressure, anc - pra Mo did not explain the effect dust
explosions had in in . “ ™ere, a theoretical method was
developed which all ‘
a duston a thermo
According to this, o L
to be expected to bg 4 raif \alwage. However, the values
obtained from the smaljffc; ‘ | 50 % of the theoretical value.

N2
A better correlatic H_'-’ ' ed to require increasing the
- "r‘J #

aximum explosion pressure of
temperature (H.Selle,1957).
range of most dust had

size of the explosion vessel*G== -f:::.::.n; i the dust dispersion.
In 1938 Gliwitzkys W ds a larger test vessel

(1933-1935, -—-———- i for his tests (Fig. 3.16).
Impellers dispers _'l- 2 of the first to recognize
that the activation ‘ the ignition source had . I syrmhrunlzed with the

> :‘if'bﬁﬁﬁﬁﬂﬁmﬂﬁmﬁ% e nen s

Such a apparatus was gused to determine the gplosion limits and

re 6 JFFRIH ?ﬁfﬁ%ﬁ@ Wﬁl@ﬁ Erec s s

equipmefjt for the maximum explosion pressure for combustible dusts, e.g.,

aluminum, approached very closely the theoretical ones.

3.1.4 Explosible Dusts and Industries involved (Palmer, 1973)

Past experience in the industry and in the laboratory testing of dusts
has shown that a wide range of dusts can give rise to explosions. Not all
materials that will bumm in air can cause dust explosions, even if finely
divided and dry; that is, not all combustible dusts are explosible. All
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explosible dusts must be combustible. The reason why some combustible
dusts are not explosible has not been definitely established, but it is clear
that it is not related directly to the heat of combustion or calorific value for
the dust. Some dust of relatively high heat of combustion, such as graphite
and some anthracites, are not explosible whereas other materials of lower
heats of combustion, such aa W3 fav dust, are readily explosible. Dusts
| w LS oric temperatures may be able to

which are not explosible_in
cause explosions in a NEStes_:hagbhe S s a fumance or oven. When
combustible dusts & = hal “\M{\\; cessary to either refer to
previous records o \ to decide whether the dust

is explosible.
Over the ye of information on the
explosibility of d n‘ from practical experience

and from laborato

-\ JOW is of great assistance in
assessing dust explosi

&= new materials are involved,

or mixtures of | ﬁ;; 2

old materials, or old maST=: by new processes where their
characteristics mayybe Regmade to further laboratory
testing. :;.;-, Y

The mdustn os factille or handling of explosible
iF |

dusts are numemus m:l further details will be considered later. However,

Sl ‘“@mﬁ‘mrmwm N9
Chemical, includin
¥ AT aaININYaY
Foodstuffs, human and animal
Metals
Pharmaceuticals
Plastics
Woodworking
This list gives only a few examples and consists of those where the
principal products present dust explosion risks. There is in addition a wide
range of industries which produce explosible materials in their processes,
although dusts and powders may not be principal products as they are, for



27

instance, in flour and sugar. Examples of industries where explosible dusts
are present, and have in fact caused explosions, are rubber dust in the
footwear industry, esparto grass dust in the paper industry, and aluminium
dust in the manufacture of refrigerators.

Although the principal product of the industry may not be as dust and
presents no dust explosion ha%e gnsideration must also be given to
intermediate materials usga™ _ ‘ {##7" 4 of the final product, and to
a0, jaclmmmtiese processes may give rise
| plosible, and which in the
in other industries where

the processes involved |
to by-products or

factory may presen
the principal product ¥

3.2 Outline of Praclica @ e -‘ "
3.2.1 Conditionsffo g i186) of sl Explosions
The term * dust Fwif
regarded as combustible AT wj ier which can be airbone and

&plosion and fire, should be

generally has a pafjc Ml [Tjne fibrous materials or
flock from chemical A M D.5-6.0 and lengths of
peiffl dust explosion risks. It

05-15 mm, shuu[lsn . :
was reported that in 193; a tragic Iin@} dust explosion occurred in Harbin,

P.R. of China m ﬂﬁﬂ‘m Wﬂd?f

In gen ustion reachnn requires ﬂ three components of

e jmm P12/ 147104 1710121 i

be neither combustion nor explosion. Dust fires may be initiated when the
fuel is in a dust layer, heap, or deposit on supporting surfaces. Even
though there are obvious differences in dust fires and explosions,
explannation will not be given to the dust fires in this chapter.

For an explosion to occur, the fuel must be dispersed in the air as a
cloud in certain proportions and must be ignited. Although there are many
similarities between dust and gaseous explosions, the following three
conditions must be fulfilled together to cause dust explosions;
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Dust deposit

Figure 3.17 Hazard

(A) The du A 5" a8t T8\ Ahdhixed with the air.
. oli - X ust be above the

minimum :
(C) An ignitigh gour Tl \ rgy capatle of initiating
flame propag AR OB &t with the dust suspension.

The condition {;A] is _,ﬂ,.-:- i ability and suspension properties
of the dust. *’L ' QOf jon many factors of the -
dust characteristi -y'

shape and their coff f {sive -” ‘rtfas with respect to each

other. In industries }he dust suspensmn will be formed by mdependant

I 0V 1:16% 1131 (01301 oo
! P RY KR Gtk LYY I

mode cu dust dispersion, the presence of combustible dust deposits in

;.":.' es, their diameters, their

industrial situations will show potential hazards of dust explosions as a
prerequisite leading to the condition (A).

Flame propagation is possible through a dust cloud, when the
concentration of dust is higher than the minimum concentration necessary to
sustain the dust flame, which may be defined as the lean limit of
explosibility. Generally, the dust concentration varies in space and time, and
then the condition (B) largely depends on industrial processes. If the
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condition (A) is met, it will be necessary to take some precautions by
estimating that condition (B) will be fulfiled in some cases. In the industry,
steady dust flows will be obtained in a pneumatic transport system, but it is
inevitable to have dust clouds within explosible concentrations in the top of
the horizontal tube, or at the start-up and shut-down of the system. Many
nsteady dust suspensions and the

concentration of dust s ‘_ WS/ S #arely be controlled outside the
explosible range at all wmessly iéa is the shaking of the filter
pads in a bag filter L s SN0 Oheiis, filter assembly will contain

suspensions of dust g ‘ , almost certainly within the
explosible range. Th d eI NS, s, WB, filter is mostly fine, which
means the smaller the Bz JF P i Ao CRgre the explosion hazards in
accordance with ex#®

The condition . \.\ S@rce and there is a variety
of ignitions having vagdh =™ \ ies, durations, etc. These
include flames, hot \ ombustion and smoldering,
spontaneous heating, weldln srram— -; friction and impact, electric sparks,
and electrostatic dischamé Soc attampts must be made to
—mmonsourees Tomoan T .‘: r handling processes, it

exclude the pussi
still seems difficult - o ",J
arise from a breakd® or may even be introduCed erroneously. However,

vl ﬁﬁﬁﬂﬂ%’ﬂﬂﬂﬂ“ﬁ‘"““
amana»ﬂumw%mm 1

THe mechanism of a dust explosion has not fully been explained on
theoretical base since a number of variables are included in the phenomena.
Complexity may arise from a very wide range of materials, scales in dust
flames and aerodynamic effects. Even though a simple statement of
chemical composition would not be a sufficient guide to the behavior of
materials in a dust explosion, we consider combustible dusts of common

of ignition as they may

organic materials at first.
When the dusts are ignited, there will be the production of volatile
matters from the particles by thermal decomposition rather than vaporization.
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if the rate of supply and the efféctive conceatration of théAolatiles would be
stane) T bR SHEHFEUH YA B ThONre i promors
further pﬂrrn!ysis of the neighboring particles. The process of the mass and
heat transfer between one another particle is referred as flame propagation
mechanism in a dusty system, in which suspended dust particles would
suffer pyrolysis by interaction with its propagating flame. Although the gas
dynamic flow structure generated by the flame plays a dominant role for
propagating dust flames, it is difficult to describe the flame structure in
general, which is strongly dependent on a system apparatus. Likewise, it
may be hard to distinguish which the dominant role is, conductive or
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convective heat transfer, although radiation is important in dust flame
propagation. The effect of surrounding particles in the context of radiative
heat transfer between particles has been recognized as a cooperative
mechanism.

Clearly, the pyrolysis behavior is different with different dusts and
influenced by the heating ) ‘
depend on a particle dianigies o lf /¥ we partial or complete. Thus, the
more coarser particles Wit el s axplnsion hazard unless they

Furthermore, pyrolysis may

of the flame. On the @8 nomspadticles of carbonaceous dusts
would fully valati‘l‘iz \\ ye, causing its gas-phase
e particle size is reflected on
the experimental explosibility with wvariation
of particle diameter,
expected that the lea : ;
to that for explosible gaj \-f_:J-;:'--..-.E"

an extra process of pyrolysiS==—is
S b :U

W\ polyethylzne. It would be
lile particles is almost identical
%s methane-air mixture, although

the dust combustion.

3.2.3 H " s e 0 e —— ’
W, Y )

The dust -.,;"h. 9% —tlepend on the industrial
situations, and indivfdual industrial installation ha€ its specific hazard of the
dust explosi {Iﬁ m 3.19 shows instructive
features of E]Tl ﬂﬁﬁ hﬁ explosion occurred in
1986 causing an estimated totgl damage &f 300 milliong yens and involving
oo RA) BTV B VK] R4 R = oere.
which vlas used to collect wood dusts from a pulverizer. The cyclone was
malfunctioned with its bottom hopper full of dusts. Deflagration in the
cyclone blew up the accumulated dusts and the explosion flame was
accelerated in the duct toward an exhaust fan, in which the flame was
extremely stimed up and the rate of burmning was promoted with increase in

the flame area. A violent dust explosion was created outside the fan and
the blast wave blew up layered wood dust on the belt conveyer in the
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flow induced by the primar ,.; 7 )4,;5;
and ignites the neyi
layer and gene -; |
this process resul [ in ae Mesion. * | The primary explosion is
often small and no m.ajor structural a d matenaf desuuctmns normally occur,

iy “rﬁ“ﬂ‘ﬁ’ﬁ’?‘l ﬁ’ﬂ?ﬂﬂﬁﬂ”ﬁ SEER e

above.

ama»mmmma J18 Y

3.2.4.1 Needs of Evaluation

On the production and handling of combustible dusts in the
industry, it is necessary to know whether these dusts are explosible, since
not all combustible dusts are explosible.  Explosion tests show the the
existence of the dust explosibility hazard of the materials and degree of
such hazards. The tests are carried out in various countries with certain

points in common.
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When a dust has been tested and found to be explosible, further
measurement of its explosion parameters should be made to assess the
possible risk associated with it. The explosion parameters can be divided
into two factors, the first denoting susceptibility to ignition and the second
denoting severity of explosion. The first factor is called as ignition

sensitivity, consisting of ti"ie ’ i ?atues of explosible concentration,
ignition temperature, ignit U permissible oxygen concentration,
respectively.  MaximunmsesSios 'nd maximum rate of pressure
rise belong to the scoame™™epr, [hai i esmosion severity. They relate to

the methods of prey | Sadhe results of the tests may
be used to decide @ caf #4 - heaSwe, that shall be applicable or
whether a new mater Fal stnal process.

With recdfc £, Tolksio\ Ntard™in a process, it will be
necessary to assess : _“- Sk A8 Mbcess since each installation
used in the process fof A i hazards. Then, the overall
e Nby a combination of the two

5 dust, and the explosion hazard of

hazard in an industrial
evaluations; the explosion pz ' .
the installations inwhiolsf i et
3242 M i ' QA
The lean ¥

)
rt of explosibility is the dust concentration below which

dust will not ﬁm % dust explosibility of
APPIE (The ﬂ'ﬂlﬂb m ﬁMj and Engineering in
Japan) {AFPIE 1991), the value # determineg, in a dust klpw-up apparatus (a
oo A TR HN R R el o
spark the source of ignition. Fig. 3.20 shows the vigorous explosion
flame of a fine metal silicon powder in the blow-up apparatus. The sieve-
tapping apparatus has been adopted because it produces a rather quiescent
or non-turbulent dust cloud.

The criterion for an explosion is to observe propagation flames, 10
cm upwards away from the ignition source at |least. The value measured for
lycopodium, a standard dust for the testing, is reported to be 40 g/m’.
Although the testing is simple but unlikely to give highly accurate figures
because of the non-uniform and turbulent dust clouds in the blow-up
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apparatus, the values obtained in the test are recognized to give realistic
and safe indications of dust explosion. However, if a dust does not ignite
in this test, care should be taken to apply a more powerful source of
ignition to the dust-air mixture. The testing is usually carried out under
ambient temperature and pressure. The direct effect of the these factors is
small up to 100 °C, but
precaution must be taken.

V/ values of these factors additional

=

Figure 3.20 A silicone dust flame

The ‘“true' value of the lean limit of explosibility, measured using
a large-scale vertical tube of 22.5 cm diameter and about 2 m in length is
70 g/m® for lycopodium and some common organic dusts.
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3.2.4.3 Minimum Ignition Temperature

Minimum ignition temperature is measured in an apparatus in which
the dust is dispersed by a small quantity of compressed air. As long as
flame propagation is observed, the furnace temperature is reduced until the
dust cannot ignite into flame in any dust concentrations. The value
dust cloud in flames, and it will

measured is the minimum teqy
represent the ease of igu dusts, and a maximum which

WS
should not be exceedet™mat= plept. /ﬂ.
3.2.4.4 Min
Minimum sw.cloud is determined with

capacitance sparks bg are generated by discharging

condensers. The e P-oi(e g\ the's aplcity of the condensers (C)
and the charging o ) ; misd ' advanced method to give
the minimum energy of g ‘ ) - : «% e integration of current times

voltage across a spark gfp &==¢ ik GWration. However, it will still be

questionable whether the = T '. of electrical energy is a direct
measure for the -gnep T ava ignition. Some dusts have
minimum ignition ':-‘:’_""'“"'—"—"""-‘""—‘ —7- es ( hydrogen 0.02 mJ,

T anthraquinone (18 pm) 2-6
mJ, polyacrylonmle pm] 26 mJ) (Earﬂmecht BEIJ

dust clouds i ted by ¥lectrostatic discharges.

During the movement of dust irf plant the ganeration of static electricity is to
be e@mﬁ'}ﬁaﬂﬂaﬁwﬁ’l% eJidt) N & bonded to e
gmund When the minimum value of the ignition energy of the relevant
dust is extremely low, special precautions should be taken, such as requiring
special clothing and footwear for operators.

methane 0.3 mJ;

3.2.4.5 Maximum Permissible Oxygen Concentration to Prevent Ignition
As oxygen concentration in the air is reduced by the addition of
inet gas a value will be reached at which ignition of a dust cloud is no
longer possible. This value is the limiting oxygen concentration to prevent
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the dust explosion for a given dust. The oxygen is normally replaced by
nitrogen, carbon dioxide or argon, while flue gas and steam will be useful
unless they react with the relevant dusts.

Inerting is one of the most useful methods of preventing industrial
dust explosions even with the appearance of ignition source in the plant,
although it entails some costs jliires good maintenance of controlling
a | sirculating system. In practice, a

. ‘ prevent ignition should be
applied, that is 2 perce e § thi&msasoa. oxygen concentration as a

3.2.4.6 Explog B e S WU Rate of Pressure Rise

The maxi ' DUNEL & LR N ighest explosion pressure
reached in a test ve 16 sEf AR 20 explosion at the optimum
concentration of the dusfft it e g S imum rate of pressure rise
is the highest value for { J_.__ \ icrease per unit time reached
at the optimum dust con maximum explosion pressure is
related to the eneeh S

m."—“- mll'lg rate. 'I'hey. are

g and the maximum rate of
pressure rise will °

determined from thé=y "'l“- n the constant - volume
dust explosion by 4 series of tests over - large range of dust

concentrations. Wﬁm mm a plant to withstand
the full EXplﬂSEII Iﬁ qS'arm-:lg«e_

In Eu pe, the 1-m’ cylindrical vesgel has becomg,standardized for
s QAR SR VAL GEB) v o
(Internatidhal Standard Organization, 1ISO-1985). Turbulence level created in
the vessel seems to be quite high from an industrial point of view and the
dust-air mixture is fairly uniform inside the vessel. However, the testings

using the 1-m® vessel are really hard work involving a high cost.
Consequently, the smallest-size spherical vessel of 20 liters, that gives
comparable data to those of the 1-m* vessel, has become adopted as an
alternative standard in place, as described in ASTM Standard E 1226
(ASTM,1988) . The 20-liter explosion apparatus is now commercially available
and used for dust explosion tests in many countries. A 30-liter spherical
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explosion bomb with a pyrotechnic igniter has been used at the RIIS for
hazard assessment of combustible dusts upon industrial usages, together with
the I1ISO 1-m® standard vessel (ISO,1985).

The maximum explosion pressure usually remains constant as the
volume of the explosion vessel, V, is varied, but the maximum rate of

pressure rise, (dP/dt )mex changes bling to the following :
Ky factor has been dows aébusﬁhl& dusts for explosion
venting purposes and (oGS K maseaiding to the Ky values are

shown in the Table 3 2 (it EOes N Mg8iaub in German; dust)

Dust Explosion
Class

Sto
St
St2
St3

I
i
r

T
i¥

By classifying a given ‘dgt into an ewsmn class, safe relief area of the

explosion vam ?mw ?DI guideline 3673
(VDI,1983) or (APPIE, 1933}

?mmgml in its
appncath Wlmmuﬁ?j level of the

dust-air mlxtures and is not necessarily constant. So, when the K value is
used to evaluate dust explosion hazards in a plant, care should be taken to
consider the turbulence level and the influence of scale. The explosibility
data for some dusts are given in the Table 3.4, referred from the work at
three German laboratories ( BIA, BA and IES) using an ISO 1-m® vessel
(ISO,1985) to determine the lean limit of explosibility, the maximum explosion
pressure, and the Ky value. When data on the explosion parameters are
referred to, precaution must be paid that process conditions can largely affect




most of the parameters. Different test methods also can give different
evaluation of explosibility.

The published data refer only to the sample materials tested and will
vary even for the same material if the particle size, agglomeration or
moisture content changes. Therefore, the use of literature data requires
careful interpretation and i for the relevant dust will be

necessary.

Table 3.4 Summary of - atio] o'Emmes “am the tests

Dust Mean 4 Minimum  Limiting
particle « - Wigni ignition oxygen
size energy conc.

(um) o Aaeioe 2R ] (n]) (vol.%)

Starch 295 -

Sugar 14 =

Cellulose ‘ a - 250 11

Naphthalene - Wl <1 -

Anthracene V] - -

Polyvinyl alcohol Ei 1 - -

Polyacrylate . >1800 -

Polyethylene = 10

Aluminium ﬂgﬂ%?‘ H%‘ng’]n;% 29 -

Aluminium 6

Hagne shun allo 3
ﬁ'@\anqmgmgwﬂaﬂ -

Coal, Brmnq 12

Note : Published data reference and explosions properties of dusts are shown
in Appendix 1.
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3.2.5 Influence of Factors on Dust Explosions

3.2.5.1 Effect of particle size and nature of material.

As an example, of the effect of particle size of material on the
LEL, a plot of the lower limit of MMA beads against particle diameter is
shown in Fig. 3.21 {Ennmctn,1 This shows that above a certain
fineness, the limit =:_ ‘1 ¥ i/ / ependent of fineness, and when
the MMA beads are cgg &S “airation is required for ignition
but above a certain coXNas WT0t ignite.  From Fig. 3.21 the
LEL of MMA beads is lant of fineness for particles
finer than 80 pm.

Figure 3.21 Lower Exp nsmn Limit of MMA beads as a nction of particle size

Fi‘lJEl’J‘VIEWIﬁWH']ﬂ’B'

. carbnnacauusf dusts co in volatile atter Ishihama

plotted ﬁﬂ?ﬁﬂﬂhe ﬂ;m rrm 1@ at the same %

volatile, coarse particles are more difficult to emit the volatile substances in
the dust than finer particles. Therefore a decrease in the particle size will
reduce the value of LEL. Furthermore, at the same particle size (D : 200-
270 mesh) in range of % volatile 25 % to 45 %, an increase in % volatile will
decrease the LEL, and the LEL may be thought to be independent of %
volatile if % volatile is more than 45 %.
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Figure 3.22 Influen ) #e \ i X the LEL of coal dusts
(Ishihama,1961) : ;.
A : 80-100 mesh, B : i TA0N00 Wissh, D : 200-270 mesh;
a: Kayanuma No. 50 : ffape ik AB) ayanuma Nos, 384,

d : Ohyubari, e : Nissg®| ¢, ¥ AW,

3.2.5.2 Effect
In 1985, Van Laa
moisture had a llh-"

1985) reported that flour of 14 %
m A G °C, whereas dry flour
had 440°C. For §Z A khe dry powder and 460
°C with 13 % moistuli. i

Influence of water r.:nnte t, of dusts upon the MIE is shown in

Figure 3.23. ﬁ.ﬂ g’;ﬁJ mﬂﬂ:ﬁ:ﬂ \Hé’]ﬂa t of dusts the value

of MIE will ter 1Is much more effective in the

o oal W TNy Ay o -

Figure 3.24 illustrates how the explosion violence is systematically
reduced with increasing dust moisture content. The ignition delay
characterizes the state of the turbulence of the dust cloud at the moment of
ignition in the sense that turbulence intensity decreases as the ignition delay
increases.

The specific role of moisture in reducing both the ignition sensitivity
and explosion violence of clouds of organic dusts is complex. First,
evaporation and heating of water represents an inert heat sink. Secondly,
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the water vapour mixes with the pyrolysis gases in the preheating zone of
the combustion wave and makes the gas mixture less reactive. A third
factor is that moisture increases the inter-particle cohesion of the dust and

prevents dispersion into primary particles.

Vamch—1 ' 50 ms IGN. DELAY

HINIHUM IGNITION ENERGY, MIE [mJ)
\

L] !

] 1 '] 1

IR 0 3 3
MR URE CONTENT IN STARCH ft. %l

Figure 3.23 |nﬂﬁiuuaﬂgm&law %w :H:}ﬂa@ of moisture content

content on mim um electrical qurk in ma stamh on |rnum rate of

ignition 4 ﬁ QQIﬂ\%@@J ‘Tﬁnﬂ bomb for
ar and Zeeuwe various |gn|t|un delays (time from dust

(From vag
dispersion to ignition) (From Eckhoff
and Mathisen, 1977/1978)

3.2.5.3 Effect of hybrid mixtures
The behavior of the LEL of hybrid mixtures is very important for

practical safety audits in manufacturing plants. Figure 3.25 shows the
correlation of the LEL of three combustible dusts with the content of propane
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Lower explosible limit LEL 1 dusts [g/m

LEL i Propans
|

Figure 3.25 LEL of hybrigt #feid o bustible dust and propane

AUEINENINEINg

AN ILUATING W

Volume % methane

te ol

Figure 3.26  Rate of pressure rise data for hybrid mixtures, PVC/CH, /air
(Bartknecht,1989)

42
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in air. A linear decrease of the LEL of the solids can be noticed with
increasing gas content.

The rate of pressure rise may be considerably higher for a hybrid
mixture compared to the dust by itself. Figure 3.26 shows the rate of
pressure rise of polyvinylchloride (PVC) dust as a function of the amount of
flammable gas (methane) in the mixture.

Remove.
-Vent exp!ogft
Lead the \S\sale _atmosphere in order to

protecidPer; N
- Explosion #uf i
Suppressigt < % _.[' : Pt e #on of dust cloud immediately,
prevent propdfatiss—:— Mah discharge rate extinguishers
- Explosion confingm
Euildi = 0 wilhis! jaxizaum explosion pressure
- Isolatic 07

- Prevent ¢ l

W e Frﬁﬂ“?‘vmmwmm

3.3.1 Raasnns for T

@e‘ﬁ TN 300 H9A90 VYN B 1
mduslry. is necessary to know whether these dusts are explosible. At
present there is no reliable method of predicting the explosibility from the
composition or heat of combustion of a dust.  Until further information
becomes available to enable this to be done, direct tests of explosibility have
to be carried out.

Laboratory tests have been set up in various countries to enable
investigations of dust explosion properties and these tests have become



formalized. The test procedures accepted at present differ between countries
because they have been developed independently, to some extent, and
international standardization has not yet been made.

The tests in the various countries have certain points in common.
Those concemed particularly with explosibility properties provide for a small
sample of dust to be dispersed in the presence of a source of ignition. In
#  dust deposits are also undertaken.
gade to study factors affecting
ions of dust explosibility are

some countries tests of
Although some large SCRIB

propagation and cont

generally made in the = ey, Whi waw wsmall samples of dust to be
investigated. This i ac&use some dusts are
expensive or are progfc ol s \l\\ 2s. In other cases at the

time of testing, o "-\ piant or test rig may be

available. By workij Slime required for testing is
minimized, and pre aadust is toxic or has other
obnoxious properties. »

The dust explosib L 23 3 rafid

the hazards to be expe -‘“f-"f’ ¥ materials, mixtures of materials

assessment to be made of

previously tested, or existin actured_by new processes. The
results of the tes .,_.,...;:-;:a-‘-:-:—-.-—;-'-:-:—-’--"-;-'—-'—-- ‘ tly, or may be used in
comparison with resfys oz haterials whose explosion

|
characteristics have 5'- en established in pre*.fious S dustrial experience. The

tests may also e usaﬁﬁ dauda ial should be used in
an industrial mﬁp smn precautions be

necassa:y ﬁ'la se of that rnataqei could be unac.nnumlc_

ﬁlﬁ gu ﬁmaﬁsults obtained
from thecp have refore to extrapolated to the full scale for use in the

industry. The extrapolation introduces a measure of uncertainty, because the
theoretical background for such scaling up is not yet available. Past
experience in the interpretation of the tests results has given confidence that
they are realistic,c and that scaling is permissible; there have also been
laboratory investigations leading to the same conclusion. The present
practice is to regard dusts which respond vigorously to tests as presenting
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definite explosion hazard in industrial scale plant, and wusts which do not

respond to the small scale tests as non-explosible on the large scale.
Because the test methods wused in various countries differ, it is
convenient to consider practice in these countries separately, although some
of the tests are common. In the United Kingdom, the United States, and
the Federal German Republic there are comprehensive ranges of tests which
ive countries. Some other countries

use tests from these rangeg N 2ild nsideration has not been given
here. Some miscellansms ¢ ﬁc explosion properties from
countries other than thoco epe WEmaie aof technical interest and have

Py

been included. A suge® o o/ u\ = mi-obtained from the tests is
‘ \ i for those concemed with
the design and operatiyf PR 30, T, aetailed consideration of a

particular dust, referd tion is recommended.

3.3.2 Selection ¢

To ensure the usefi
dust should be representatiVie—
properties of particular

)
important that the sample of
Sterial concemed. The explosion

ed under controlled conditions.

The chemical J«f’““‘-‘*"“"“m_}' from the supplier.
The sample taken forie small part of the total dust

present, and the "l- Ity in obtaining a represe Tative sample under these
conditions is I £ a i Ii i if e dust is known to
be a mbdurﬂmgtm gmi wmahjh developed for the
withdrawal of quepresentaﬁve saghples fromglarger amougts by mechanical
moses S VRV 89113 T Y Y o e
resorted %o if other facilities are not available, but it is very dependent on
the operator. Where a dust sample is to be taken from an industrial
process in operation, a further composition can arise because a fine dust is
likely to be more explosible than a coarse material. In general the dust
from which the sample is taken should be representative of the process or
condition in which it is present and also most likely to be explosible.
Examples would be fine materials rather than the standard product, freshly
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prepared materials if the explosibility is likely to be reduced by ageing (due
to oxidation of particle surfaces), the product after milling rather than before,
the product after drying rather than before. Where coarse materials are
handled in bulk, considerable amounts of fines may be produced by attrition
and these fines may be present in sufficient quantities to enable a sample
of them rather than the coarse material to be taken. Usually a few
kilograms (about 5 Ibs) of dug dopired for the testing, although the

quantity may be less £y / ly divided and well mixed.
- lection of the dust sample

"‘- pmposition of the dust, and

Considerable care shouM

the collection of the e _ , ‘w L hes by parsnnnel engaged on
the testing but by oth® _ \\ \\x

If there is doubig S \\Q\ Whld1 the dust is likely to
be most hazardou “ flar \\- wleS from several alternative
positions, and then & 2 ”’; sl u\ psted. A similar situation

may arise if the com o changed during processing
through the plant, whe :;_—.-' .' a5 Maken at various stages of
manufacture should be teste ‘ . the importance of ensuring that
dusts submitted h:n' are” faprése per- advice should be taken
in cases of duubt. ed from the laboratory

where the testing is l 2 i

| i) (Vi) ()1 ip

THE UNITED KINGDOM ¢

ﬂ AU I AR resor
Station, reham Wood, Herts. A detailed account of the test apparatus
and methods has been published, together with a summary of the explosion
properties of a considerable number of dusts (Raftery, 1968). The tests use
methods agreed with H.M. Factory Inspectorate. All the tests are concemed
with assessing the explosibility, or measuring explosion properties, of dusts in
suspension; the tests do not include measurements on layers or deposits of
dust.
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The basic scheme of the tests is outlined in Fig. 3.27. With a dust
which has not previously been tested, the first step is to classify the dust
for explosibility. The classification tests determine whether or not the dust is
capable of propagating a dust explosion. If the dust is explosible, then
subsequent tests may be camried out to measure particular explosion
properties. If the dust is already known to be explosible, then
measurements of its explnsmn ‘ jes may be undertaken without prior
classification. :

Tests for evaliugs Madusts were devised at the
laboratories of the Fe nDepartment of the Interior,
Pittsburgh, Pennsylvani, are extensive and include
investigation of dus#® s &4 Jor 5, with a wide range of

ignition sources unde#f J& €ty £ D ‘ dispersion. A full account

of the equipment and £ _ A% published (Dorsett,1960) and
a short summary of ,::r 2 asull§ has appeared (Marks,1958).
Detailed results have apps== the explosibility of agricultural
(Jacobson,1961), c3 LA, actal (Jacobson,1964), plastics

(Jacobson,1962), 'C;,__“ e \-f eous dusts (Nagy,1968).
prevention of dust

Explosion pressure _" =d

|

explosicns by inertings Nagy,ﬂﬁd] have been the™Subjects of further reports.

The ba::e s:h uﬁw ﬂwmnﬁi dust sample is to

screen it thmu a No. 20 U.§¢ mesh sieyg; the fractiog,not passing the

s QIAGANTFRI LTI AR e o

referred as the “as received" dust, is further screened through 100 and

200 U.S. mesh sieves to evaluate the particle size distribution. For a pure
substance a through 200 mesh fraction is obtained by sieving, whereas for a
mixture a representative sample is ground until it passes the 200 mesh.
The complete range of tests is then camied out on the through 200 mesh
fraction, with a few tests on the through 20 mesh fraction. The moisture
content of the “as received” dust is determined by heating in a drying oven;
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if the moisture content exceeds 5 per cent the dust is dried before it is
tested for explosibility. The dust is also dried if the moisture content is
below 5 per cent but the dispersability is affected by the moisture. The
sample is examined under a microscope before testing, and other physical

properties are measured when relevant.

FEDERAL GERMAN
The principal estahls

laboratory testing of dusts for
explosion and fire p - Fticn Institute for the Testing of
Materials, Dahlem, Berli_ e Josidmswa. fire hazards section does not
include investigations pazards which are undertaken
in other sections of { _ : he hazards associated with
coal dust are invesligaid Jace A B\ atmund.

A detailed

explosion and fire ha,
published (Leuschke,19
observations and measuy,

used in assessing the
olel Institute (BAM) has been
wide ranging, and include
sensions, dust layers, and the
combustible volatiles produce®t= g of dust layers.

The basic _schem "9“"%- own in Fig. 3.29. It is
recommended thak u—.m;m:._—_.::;:-.—lg;f dust that is as fresh
Siias been found to be the

and dry as pDSSib
most dangerous. " the preliminary tests the™article size of the dust
sample is eﬁm ceijved contains particles
greater than ﬁﬁﬂﬁ{%ﬁm or ground to yield
particles be‘lqu'lhas maximum sige. The d t is then dn for 24 hours at

e ﬁﬂﬁﬂ’ﬂ'ﬂﬂmﬁm@ NERE

OTHER COUNTRIES

In the USSR a test is used in which the minimum ignition energy of
dust suspensions is defined in terms of the discharge energy of electrical
condensers capable of igniting the optimum concentration of dust, with the
optimum characteristic of the discharge circuitt The gap between the spark
electrodes is such as to exclude any flame quenching effects (Smelkov,1968).
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The apparatus consists of a steel box containing a dust hopper with a
perforated base; on vibrating the hopper a column of dust falls through the
box to a dust collecter in its base. The electrodes, which are pointed, are
caried in insulators on opposite sides of the box; the number of spark
discharges is counted automatically. A control unit synchronizes the
operation of the hopper, the sparking circuit, and the counter. The voltage

of the condenser is measured tg qnd after the discharge
The test procedurss W S F e firstly the optimum  mixture
concentration, then the RSN INduct et o resistance of the circuit, and

finally the minimum gé SN T to prevent quenching. In
as the number of ignitions

divided by the tntal‘ lisg \\ mber of ignitions must be
not less than 10. vadgbies the maximum ignition
probability is meas e TOMEsp 0, Sperimental conditions used

in the test.
The minimum i Wred by plotting the ignition
probability as a function . ®nd the minimum is taken as

. 5
that at which the pmbabimy

s test the particle diameters must
be less than 75 micron:
The minimOfir e coneenason oot limit of explosibility, of

magnesium powder 2, U—ising a 2-L closed steel
|

b |
sphere (Propov,1968) The dust is praoad in a skl bowl at the centre and

dispersed by ram a powder, and spark
electrodes arﬁn lfi j]h ed by observation
through pnlnts in the wall of the sphere mum  explosible

o) B PRSP 1) B =

experiméht is repeated five times. Dust / air mixtures with a minimum
explosible concentration of 0.065 g/| or less are considered explosible, and
those with a higher minimum concentration are flammable.

3.3.4 Special Methods

In addition to the test methods recognized nationally within different
countries, special methods have been developed by industries, authorities etc
in various countries. The purpose of the special methods has usually been
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to provide ad hoc information for specific industries, processes, or materials,
which enables comparisons to be made between materials more rapidly than
by the national tests. They are particularly useful for rapid comparisons
within a series of similar materials, e.g. a range of dyestuffs, where the ad
hoc approach is often helpful.
An outstanding example of special test methods is the series adopted
] ‘ in the Federal German Republic
artaining those dusts which were

by a group of chemical 1
(Lutolf,1971). The tests_ysie:
particularly hazardous
into use have led Jje _cubbtayhe™meaigase in the incidence of

¥ _operations, and since coming
W the series, as follow :

decompositions and C4 :
1. A flammabi} tush & Awire at 900° C is applied to

3. A decomposib : ‘ & "Aust, contained in a tube, is
inserted in an aluminium e > of which is raised in stages,
and signs of exothermic

4. A drop- #aht is dropped about 75
cm onto a stee ﬁm—‘”‘; on the dust which is

deposited on a stgs mmte for flames, sparks or

explosion.

s h.,,gmmmj A LT fatia B

measure of exp nslhtltty

ﬂW']ﬁNﬂ‘iﬂJiJWl’mﬁl']ﬁﬂ
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Figure 3.27 Basic scheme of tests in the United Kingdom (Palmer, 1973)
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Figure 3.28 Basic scheme of tests in the United State (Palmer, 1973)
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Figure 3.29 Basic scheme of tests in the Federal German Republic (Paimer, 1973)
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