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Throughout the chemical process industries (CPl), substances such as

plastics, fertilizers, fuels and ph Tiebd jicals, are routinely dried to powder or
dust. When suspended in SIS 8t l 7 xidants, these dusts are capable
of producing a dangerougmaie-testly e eiee s

While it is difﬁcu"' el defme :a‘.-h. plosion risk created during
the handliing of potenist 7 migothe risk is ever present.
Explosions should be =Ty / ;,/-- Buohtvesmeasures must be taken in
the design and selEctiy / ‘5"'_ B equipment, such as dust
collectors, conveyo Misize-reduction equipment,
such as grinders, crusfi
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apparatus developed at the

maximum explosion pressure pressure rise of dust samples.

Improvements in dust exple be desirable. Many study of
dust explosion testftmwe Soon s “Hd development of test
apparatus, are sumi :

Vital (1875) wefs one of the first to corefict comparative tests to

determine the rds Grﬂanuus dust Ha bl dust cloud through
a gas flame trﬁza alder wood at the

end. From th shape and Ienqth of ﬂ'ne Iusmn ﬂarnt,as well as the
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Appmmmateiy at the same time, R. Weber (1875) ran flour tests using
the sieve shaking equipment. The dust was deposited on top of a sieve.
Through shaking action, the product fell into a vessel containing an ignition
source.

The apparatus which was developed by Steinbrecher (1968) for the
determination of the lower explosible limit of industrial dusts differs from the
previously described units in its singly activated dust dispersion system

dust.



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.

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-Technischeyifdighganstalt (1933-1935) (German Chemical
Technical Institute) used e o’
explosibility of dust/air o

_ 3 of the apparatus and then
swirled up by a jet L@#*® FEI\R SWie™maraed through a nozzle. A
glowing wire was use ffiticd SPurcs e test results indicated that
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\“‘ markedly wide range of

Zirconium was esper;
concentrations.
Until recently ptylene torch for ignition in

testing the explosil:iil‘r eliminate the risk of a

misjudgement.
The hazard of a is not only defined by its
explosibility and e u.- 2 Fange-lbiuy i e pressure and violence of its

combustion. In “:'r—-—-u e SION pressure and the

pertinent pressure 2 ":i;" equipment is needed to
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test for these parameters. thuusly, the test equrpment as mentioned

above :: ':';: (3 'ﬁiﬂcﬁ nﬁ ﬂﬁmﬂin called “Hartmann

apparatus” . e closed explgsion chambgr was cylinggcal and had a
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onto a cntinuous electrical spark (arc) or a glowing wire 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) .
Subsequently, J. Lutolf (1971) simplified the Hartmann apparatus, a
modification which became known as the “modified Hartmann apparatus”. |t
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 that which was used by the
“Chemisch Technische Reichsanstait”.

W. Bartknecht (1989) studied the influence of temperature upon the
LEL and found that an increase in temperature will reduce the value of the
LEL. Furthermore, he studied the effect of initial pressure and initial
temperature on the maximum explosion pressure. He observed that a
3 _doubling of the maximum explosion

doubling of the initial pressur

pressure. The elevated Bx ; ’g only be obtained at relatively
high dust concentratiofsmss plggio ot possible below about 1
millibar (absolute). Se ‘ b Tl temperature, he found that

explosion pressure e &‘* glue of increasing absolute
initial temperature. // ) \ "\-\\\\
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combustible dusts ag@ b ary to rely on test data to
determine if the dust #e .- :;
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dusts are accompanied ¥ f wae ; sikalled hybrid mixtures, they can
be much easier to ignite _fyr_ : of flammable vapors. The lowest

minimum ignition speraiNERMIET OF ¢ d j= the least spark energy
required to pmdu ’, .'F' in a 30-cm long
test apparatus, volufe F .:vh‘ as a profound effect on
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LMIE; fine dust is ch easr&r to tgmte than coarse dust.

values ) of "tiﬂﬁﬂ’: mm ; wglﬁm ::l tr(‘a:olt:t?lamfn:::

approxim 35%] range from€5 to 310 des not really mean
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a wide nge. but it is believed to be a matter of accuracy of measurement
and also of the criteria of the explosion limit applied.

Tapping sieve method is a technique which was developed by
Ishihama (1961) more than 20 years ago and has been used to obtain
reliable data on the LEL of dust clouds. With this system Ishihama carried
out the research work on the measurement of LEL of coal dust clouds as a
function of particle size, coal rank, methane concentration, and rock dust
percentage mixed. However, unfortunately, the system is open, so that the



pressure generated by the explosion cannot be measured. Furthermore, the
concentration of dust cloud that the apparatus can produce is at most 350
g/m®, which is not high enough to camy on the investigation in the whole
explosion region of dust clouds. Then other equipment is required.

Ishihama, Okada and Yoshida (1964) investigated experimentally the
effect of solid incombustibles on the LEL. Generally coal contains the
inherent solid incombustibles ||
powder is the same as tha ot Al ttion to which it is added. The
difference of the effectmis
natural ash contained v ;

Ishihama, Enonge reported that the upper
explosion limit (UEL) abtained as a function of
volatile content and p . “'-. (UEL) varied very widely
with fineness and F qr 3 Yo cMlimit, but the upper limits
of most bituminous ; nost 3,000 g/m>.  This
concentration 3,000 g.-' _ 28 UEL, compared to those of
plastics, agricultural prod L powllers.  For example the upper
limits of potato starch (Ishifte= “aluminum powder (Ishihama,1975),
and magnesium powdesgl sighez. than 8,000 g/m®, and

they could not be P Simber  equipment.
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coal by Ishihama amd Enomoto (1980). that an increase of

percentage of Ej ﬁ &%’ ut reduce the value
of UEL. mﬁﬁi ﬂﬂm ﬂ‘m'ﬁaiamal data between
the explosion I| it and percentage of rock gdust in coal lyy suggesting was
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NFPPA 68 (1988) evaluated the test results by dividing them into three
Explosion Class, i.e., Class St1, Class St2, and Class St 3, and showed the
relationship between Explosion Class and K. Dusts are sometimes
described by the Class to which they belong. Class St3 includes dusts that
can have very serious dust explosion characteristics.

Variation of the volume of enclosure will cause the variation of the
rate of pressure rise while Pne remains unchanged. In general experiments
are done with small scale laboratory egipment. For the application of results



obtained in such small-scale tests to large-scale industrial systems, the so-
called cubic law is used. This was first experimentally obtained by
Barknecht (1971) and later theoretically by Tanaka (1981).

Most of the experimental data on the flame propagation in the dust-air
mixtures in large dusts are concemned with that in large-scale coal mine
galleries such as those 2-m in diameter, and although the information is not

strictly relevant to dust explc pneumatic transport some of the
conclusions are likely to e # In those studies (Rae,1973 ,
Grumer,1975 and Richmeimtsr®), i practice for a length of coal

dust deposits to be laic " ] Sheweaof the mine gallery. A strong
‘ swder or an explosion of a
volume of natural g Jfods Ve satilsted near a closed end to
raise and disperse the iU v LS A A0 the resulting cloud. The
turbulent airflow in the dust further and the
expanding turbulent : _ just-formed mixtures, then
continuing the pmcéss o 2 tha'” Sty of the gallery until dust is
exhausted. Since the Fplosiess i by dispersing the dust from
mine surfaces, the local d =
fluctuates continuously _is "‘9,” ,u is-~respect it can be seen
that phenomena :m::f dimensional in nature
(Richmond,1979) .

0 T
Nettleton, M.A {19??} investigated dust expfosions in small ducts and

pipes. In s w f difficult to initiate
such coal d ﬁ&ﬂ m Wﬂﬁlﬁﬂmat only low flame
speeds have n obtained with laboratory, flames in dygts. Use of an
s RV AFOLHN TR DR e o
velocity Wave front in a small duct.

Matsuda, T., et al. (1982) observed dust explosions in a pneumatic
transport system. A pneumatic transport line is an enclosed piping system in
which, depending on the utilization of air at greater or less than atmospheric
pressure, pressure - and suction-type systems or a combination of both are
principally used for transporting dusts in suspension and a very wide range
of phenomena is involved in the two-phase flow.

ahead of the combustion front



Experimental data on flame propagations in pre-existing dust-air flows
may be limited to those in small pipes 5-10 cm diameter. They show that it
is unlikely that the flame can be accelerated into higher speeds similar to
detonation. Furthermore, Matsuda indicates that explosibility limits, especially
upper limits are narrowed as air speeds of transportation in a pipe are

increased up to a critical levely. g ich no flame is propagated at any
dust concentrations, with 2 Vg s ot ignition such as a spark or a
gas torch (Matsuda,19G6as p&

Lunn, G.A Aelimnsnta  of aspinin dust explosion
characteristics %fy explosion violence (dP/dt),

Data were from a

re content of 1.2 %. The

maximum pressure; =
20 - liter sphere, and
highest value of
Class St 2.
D'Shaughnesée._

is material is in Explosion

pr many dusts the dust cloud
is barely visible at the = ' 3 At the LEL concentration the
ignition energy may be :?- m— 's of magnitude higher than at
EELT.

stiochiometric concentrati and rate pressure rise, if there
is an explosion, 'rm T‘. alsc found that at the
stoichiometric concestra s l,'. hick that one can barely
see one's outstre cloud. At the stoichiometric
concentration gnﬁ rﬂ/ um value and the
pressure nsﬁ.‘u m m‘fiﬁ“ are below their
maximum valu s. The maximgm explosiop, pressure ang, rate of pressure
s QG IQGFT RS VAR VR b socnons
concentfation. The ignition energy also decreases above the stoichiometric
concentration. The LEL concentration of many industrial dusts is between 15
to 60 g/m®. The stoichiometric concentration for many industrial dusts is in
the range of 100 to 300 g/m’. From a practical point of view, it may be
concluded that if a cloud of an explosible dust is very transparent, it is not
much of a hazard bacause it will be hard to ignite. If it does ignite the
pressure rise and rate of pressure rise will be small, although the potential

‘. hand if one is in the dus

for serious burns exists. If a cloud of an explosible dust is quite opaque, it
may be a serious hazard.
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