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INTRODUCTION
, ' The first apparatus used for testing industrial dusts for explosibility at

... ' ";the 'Safety in Mines Research Establishment; 'Buxton, was designed ,for t~e .measurement
-: 'of,'the relative explosibilities of coal 'dusts(1). The testing of .industfial

dusts for explosibilitYi done on behalf of the Factory Inspectorate of the Ministry
of Labour! has been, carried .out since ,1913 in similar apparatus. Since the review
by Brown(1) there have been'various modifications and additions to the original
apparatus as well as the introduction of a further test(2); so' that at present

,there are four rna'in test apparatus all of 'which may need to be used for adequate
.' ". classifi'cation of the dust for explosibilitY. 'The Factory Ins:peCtor~t'e lise the

results and classification in recommending s&rety measures 'for~ndustrial plant
handling explosible dusts.

,': .... "

The testing of dusts for explosibili~ has now been transferred to the Joint
Fire Research Organization from 'the Safe~ in'Mines Research Establi~hment and the
te'st 'apparatus has been constructed at, Boreham Wood; This 'report gives details of

" the design of the appaz-a'tus , the mebhod of use and, a c'omparisonof the r~sult s
obtained on identical dusts at Boreham Wood and Buxton.

, ,

TEST METHODS

Four tests are used tbdetermine the flammability of the dust. The"four
forms of test apparatus are illustrated in Plates 1 - 4. In all the testa the

'.< dust 'is 'dispersed by an air bIas"\; over an igniting source in the te~t.app.aratus.
A sUrnrriaryof the mairifeatures of the different apparatus is given in:Table 1.

" ,~ .. . .' .
• ", ." .>

.:'" ...

..

" 'Table 1

Types of test apparatus

: '" {':

. "

.

Direction of
Apparatus dispersion of Igniting source Illustration

dust

Horizontal tube Heated platinum
(Wheeler's Test No. 1 Horizontal wire coil P.late' 1

modified) (Small igniting source)

Inflammator Vertically Electrically heated
(Vertical tube wire coil or electric Plate 2

appar-atus ) downwards spark
(Small igniting source) , ,

. ,

Hartmann type
Vertically Electric spark

(Vertical tube or electrically
apparatus) upwards heated wire coil Plate 3

(Small igniting source)
"

Furnace Vertically Heated wall of . '

:,.(Whee'ler,~s .,Te'st_No. ' :2 furnace Plate'4·
.' modified) , downwards (]I,arge igniting source) .. . .'

It is an essential feature of any test apparatus that it should be capable
o~ ,giVing as good a dispersion as possible of the dust at the igniting source.
The dusts' which are tested have a very wide ran~ of dispersibility and it is
therefore necessary that the conditions for dispersing the dust can be varied
in ,all the tests., In all ~our tests it is therefore possible to vary the blast
wh~ch causes the dust to d~sperse, and the mass of the dust which is subjected
to this blast.
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In the inflammator and in the Hartmann type apparatus the position relative to
the ignition source where the dispersed dust enters the tube can also be varied.
In the horizontal tube and furnace tests the temperature of the igniting source
may be varied up to 13000C and 10000C respectively •.. Appendices 1, 2, 3 and 1,.
desoribe the apparatus in detail and LncIude modifications ancl,.addd.tion8'· cl.nti'oduced
since the review:oy Brown(1) " .

It is sometimes also desirable to obtain an estimate' of the amount' of inert
dust in a sample. This is obtained by examination under a microscope' or by
combustion in a furnace.

GENERAL PROCEllURE

B~fore testing a dust sample its toxicity and that of its combustion products
is considered and if the material has toxic properties appropriate· safety pre­
cautions are taken.

Preparation of dust samples

Whenever possible' the dust,' as received,' is tested directJy. If ,however,
the "as received'~ dust is .nof readily dispersable because cif high moisture' content,'
its dispersability may be improved by drying the sample either in a desiccator
or in a liquid jacketed oven at 1040 C; If the dust sample contains large particles,.
which would black the dust holders in the 'furnace' or 'inflammator' testsi or would
nat be readily dispersed by the air blast in the other tests,· the sample may be
sieved, through an 18 mesh BS sieve to remove the coarse particles which are then
disoarded and the remainder of the sample is submitted to the various' tests.

If ignition does. not occur with the dust sample from which the coarser'
p~rticles have been removed or with the 'as received' duab ,. even after· drying,'
or if it 'ignites only in the furnace test,; the sample may be sieved through
various mesh sizes down to 240 BS and the test procedure repeated on the sieved
and clried fractions.

Sequence of tests

Usually the flammability of the dust is.tested in the four forms of
apparatus in the following sequence:'

1. Horizontal tUbe.

2.' Iriflammator.

3. Hartmann type.

4. Furnace.
".

Since the formation of exp16sible dust clouds depends to some extent on
the direction of dispersion of dusts and since ignition of such dust clouds' may
depend upon the type of small igniting source present,' nan-ignition in the
horizontal tube apparatus is followed by testing in the inflammator and if there
is no ignition in that appar-atus testing is carried out in the Hartmann type
apparatus.

Metal dusts are not tested in the horizontal tube as they' may damage the
platinim-igniting coil. In all four farms of apparatus an attempt is made to
obtain ignition of the dust cloud within the whale range of conclit'iona of dust
dispersion, and temperature of· the igniting source available in the· apparatus.'
If ignition is obtained in either' the horizontal tube or the furnace test,: then
the lowest .temperature at which. the dust will ignite 'is also determined to"within
100C. Sinoe the' furnace test gives lower temperatures for ignition of dusts than
those obtained in the horizontal tube',. it is often necessary to carry out .the
furnace test even thOUgh ignition may have occurred in one of the previous tests.
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It is sometimes necessary to determine the amount of inert gas required in

the atmosphere to suppress flammability of th~ dust. This is determined in the
fUrnace test. Minimum explosive concentrations for dusts are occasionally
determined in the Hartmann apparatua.

Detailed test procedures are given in Appendices 1, 2, 3 and 4.

CLASSIFICATION OF DUSTS

, :'The' explosibility of dusts is classified as follows: (3)

CLASS I

CLASS' II

CLASS III

Dusts which ignite and propagate flame readily, the souroe
of heat required for ignition being small.

Dusts which ignite readily, but require' a larger source
of ignition.·

Dusts which do not ignite in the tests~

Dusts which ignite and propagate flame in the horizontal tube, inflammater
or the Hartmann type apparatus either as received or after sieving and drying
are placed in Class I. •,

Dusts which ignite and produce flame'in the furnace test, but not in the
other three tests" are placed in Class- II.

Dusts which do not produce flame in any test,. or dusts which ignite in the
fUrnace test and produce a very small flame when the furnace, temperature is
10000C, are placed in Class III.

A classified list of the dusts that have been tested for explosibility is
published at intervals (3).

TESTING THE APPARATUS

To test the new apparatus and to obtain correlation between the two labm-atbr.ies,
dust samples, already tested and classified at the Safety in Mines Research
Establishnient, were again tested and classified at Joint Fire Research Organization.

The results of these tests are shown in Table 2 and results_obtained at
Buxton, with the same dusts, are included for oomparison.,

The results given by the neW appar-atus are in reasonable agreement with those
obtained with the apparatus at Buxton.- The same classifications of explosibility
were obtained with all the dust samp.Lee in both sets of apparatus.
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TABLE 2

. Comparison of results obtained from dust tasting oarried out at the Safety
in Mines Research Establishment, Buxton, 'and ~e Joint Fire Research Organization

Minimum ooil Minimum furnace'
tempera.ture for temperature tor Inflammator Hartmann type ClassUicationignition 0C ignition °c tast test

Dust sample Test 1 Test 2

J.F.R.O. S.M.R.E. J.F.R.O. S.M.R.E. J.F.R.O. J.F.R.O. J.F.R.O. S.Y.R.E.

Cork 1040 9;0 470 470 Not tested Not tasted I I

Cocoa and condensed •
milk 930 880 38; 430 Not tastad Not tastad I I

Liquorioe dust 10;0 Partial 48; ;00 Not tastad Not tasted I Iigriition only

Magnesium OXide No ignition No ignition No ignition No ignition No ignition No ignition III III

. Carbon tines
.

sulphur contaminated No ignition No ignition ;60 .. 620 .Iil No ignition. No ignition II II
sieved and dri

Crushed nutshell 9;0 960 4;; 420 Not tested Not tested I I

Wood dust 100; 1160 470 430 Not tastad Not tasted I I

No ignition No ignition
Aluminium dUB t Not testad Not tasted No ignitlon No ignition (as reoeived) (as reoeived)

I I( Coarse) No ignition Ignition
(sieved) (sieyed)

llagneeium dust Not tested Not tastad 600 730 Ignttion - Not tasted I I

Carbon duet Not tasted Not tasted ;30 ;70 No ignition No ignition II IIwith aluminium

Stramonium No ignition No ignition 400 460 Ignition Not tasted I I

Bronze dust Not tested Not tested No ignition No ignition No ignition No ignition III III

Bronze duet Not teeted Not tastad 980
1000 No ignition No ignition . II II8;0

(sieved)

Bronze dust Not tasted Not tested 41,.0· 4;0 Ignition No ignition . - I I
.
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APPENDIX I:·'
HORIZONTAL TUBE (Modification 9f:;Vlpeeler's Test No.1)

Apparatus

'. A sketch of the apparatus is. shown in Fige • h ..The";3, inch JI1~.\,rI1al9-illlJ1eter,

'horizontal;' bori;>silicate glass, combuat.Lon tube' (li.. Fig~ .1) is.. in. tlIoparts.
The l!3ft heild.pert.is '18 in.long\Vith,aone inch.diameter,J;1?,le, in its wall,..,.
situat,e!! 5 in from one end, and .the right hand p~t..is 36 in long.· Bot)1par:j;s: .
are"he}d in adjustable iron.suppo·rts:and butt on to opposite.sides of.the asbestos
!r:o,?d holder (B}ror tl).~.ignit:ion coil.: The 1;wo parts of the, tubs ar-e held tightly

. ,a'gainst th~ asbe sbos wood by -two tie, rods acting on brass collars. which are " .
.-' ',R~ampe(i' externallyto~heapproJlriate ends of the tube.iJarts. T)1.11 butt Joints.

are,.sealed with soft jointing material. ' .-, ..
. • I, .' .. , ", '

". Fig;2~'hows. the. ignition coil unit,· . The igniter consists of a piatinum.-
: \tire coil O~ "lin long made f'r-om an 18 in length of. 32 s.w.c. ,platiri1Jlll~ .The coil
'is wound around the outside of the centre section' of a ceramic tube 6 in long
approximat~ly 0.04 .in bore and 0.1 in outside diameter. ,The turns of the' coil
ar~ spaced to give even temperature along its iengtl).•.·The ends. of·the coil are
connec'ted to the output side of' a variable transformer which allows the .ced.L ·to be

.heated to 13000C. .The bore. of the ceramic tube carries a thermocouple 'with its
. butt welded junction at the centre 'of the tube •.. The couple is made- of pure
platinilm, 13 per' cent rhodilJin.:.plat;.num wire, '26 S.W.G. The' ends of this therino­
oouple are connected, with compensating leads, to' a millivoltmeter:,. which indioates
the temperature of the ignition ooil direotly. The igniter is fixed in a groove
3/16.inch .. deep in the asbestos wood holder•. The asbestos wood has a 3 indiametel"
h91e in the. centre and when the apparatus is assembled the ignition coil lies
.diametrically aoross the ccmbustLon tube in the horizontal, pLana;

. . Dispersion of dust ar-ound the. coil is effe.oted by a blast' ofaii-.,w¥oh ·may be
..varied in quantity as re qutr-ed , The air is met.er-ed -(C. ,Fig. 1.) at the required
, .. /low rate and then diverted for 2 -seconda on to the dust in the combustion tube by

. the operation of athl"ee-waY sonenod.d valve (D) •.. The valvemechl¥lism is operated
by a relay oontrolled by a oam on the shafting of ail eleotric·clo~ motorw

Test .procedure

About. 2 g of' the· dUst sample are placed in a conical heap in the combustion
tUbe, through the one inch diameter hole in the tube wall. The hole is then
sealed with a cork and the ignition coil is heated to 1300oC. The heap of dust
is then dispersed L'1 the direotion of the coil. by the air flow directed at its
base. Observation is made as to whether or not propagation of flame takes' place.
If the dust cloild ignites, the temperature of the ignition coil is reduced and the
amount of dust varied ll.'1til the lowest two temperatures are obtained differing by
100C such that the dust ignites at the higher temperature only. The test is
carried out three times with the coil at the temperature at which no ignition takes
place. If the dust cloud does not ignite with a coil t emper-a'tur-e of 13000C the
quantity of dust is increased and further attempts made to obtain ignition. This
prooedure is continued UL'1til i~~ition occurs or until nO'fUl"ther increase is
obtained in the amount of dust dispersed as judged visually.
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APPENDIX' 2 . - . ;

INFLAMMATOR .

Apparatus

The:' combustion tube' (A~Fig~ 3) is of borosilicate glass,: 3 incheS"internal
diameter and 40 in long. It'is open at the'top and closed at the·.'bottom .•:withLa·; -:
loosely fitting rubb~r bung. ' The tube has foUr side arms one inch internal" " ,''':

. diameter" ?~5: in"long,' at 'lntervals of 10' in along the right hand. side Imd; one· ':.,
"'side" arm of like'dimensions of the left' hand side forming a cross 5· in, frOm, the; '.
. ·liottom of the tube.' . The ignition coil holder' or electrode holders fit into'. the, i

bottom' side arms and a br-ass- dust holder '(B) fits into' any of the,ci;ide'.arms· abov.e
the·'igniting·,source.' 'The: dust is"blown from the'.holder with', a ·blast"'of·a1r. f'110ll1'
an air reservoir' (C) of 28 in3 capacity. The dispersion of. the".dust cloud is "'X'

improved, :bY the' .deflector plate (E). To allow filling of the' reservoir to the
re:qUfreCi. presSUre'ana the quack 'release' of the air, a spring 'loaded" cUuIIp:'Rssembly
(D )'opez'ates;cin: the rubb'er tubing'oetween 'the' air 'reservoir and the -duat 'holder:;:

~e sour-ce Of ignition may' be either a hot .cod.Lvcr, an' electric spark.:" .The .
con (F) is' He 'turnsof'20 S.W.G. elec'trical resistance wire, each turn·being· '.'.'

'~5/16 inch internal diameter,· and is neated ·by a 10 volts 20 .amperes A·;C •. supply"
Tlieelectric splirk' is generated from an induction coil'withe: Ruhinkorf'f ·commutator
and the energy: applied' to·:i.tfi primary circuit is' aboutiD watts. " ,.... '.

: ','.. , ~'

.Procedure
r- ..

Ab.out 2 g' of the dust to be tested are placed in the holder .(B.:Fig. '3) .. ___
whicli'is then closed and the air'pressure in the' reservoir is raised to ·a·value .
sufficient to blow all the dust out of the holder-; .According to' which source:Of
.ignitioI) is' used, either the wire coil is heated to about 13000 C or continuous
·spa.1'king between the electrodes is started. The air is then released 'from,'the
re'servoir by .operatingthe clamp and observation is' made as to whether. or 'not f,lame
propagates in:thedust cloud as the latter falls past the igniter~ 'If' no ignition
occur-s after'three attempts ,·the quantity of dust, the air pressure and :the '.,
position of the dust holder are varied in turn in further attempts •.

TPe actual temperature of the igniting coil is not measured in this test •. '.

."

'""

. r.

-- .

'.
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APPENDU 3

HARTMANN TYPE .APPARATUs'

Apparatus
or'·'

Figure 4 shows the apparatus 'diagra.mmatfcally. , (A.~.ig.",,4};:i.s, ..a ,~,z:ass block,
the top of which is a dispersion cup and "the air, fC)r dJ:s,Persing the,duet.'is'
delivered through a brass tube (B) 0.375 inch, internal':d:j"ameter iIi the ,centre of

, ,the cup; ,At the end of the tube' is' a mushroom-like air'aeflector (C). , Fitting
to'the top of the'cup, by means of. a brass adaptor"is ,a perspe~ 90mbus~ion tube'
(D) 2.5 inches 'internal diameter and 12 in long. The tube has fiv~',pairs of
diametric'ally opposed brass electrode 'holders, f.itted ~nto,its wall:;' ~ A pair of
brass electrcides is' screwed through the appropriate holders, and a .spark 'gap of
about 0.25 in iaused. Fitting over the top of the per-apex bibe: is a brass
locking ring (E), 2.5 inches internal diameter" 'which" in certain tests, holds a
filter paper diaphragm in position. ' The 'combustion tube, assembly is fixed to the
dispersion cup by clamping'bolts and the dispersion cup is' fixed, to the wooden
base' (F). " ' ' '

The apparatus used for providing the air blast for dust, dispersion is similar
to that used in the inflammator, and the apparatus used for producing the :induction
spark is the same as that used for the inflammator test, "

The test apparatus may be modified'to enable dust tO,be dispersed'upwards over
a ,different igniting source, the source being an electrically heated wire ,coil.
The perspex,tube is repiaced by a borosilicate glass tube which is of. ,larger out-

,side diameter. Consequently, the dispersion cup is modified by attaching a brass
annulus, (A. Fig. 5) outside diameter 4 inches, on which the glass tube (B. Fig. 5)
is clamped. This 'tube has a' side arm, 5 in from one end; to accommodate the'
igniting coil holder, and may be inverted, thus .allowing the igniting coil to be

, ,used:attwodifferent heights above'the dispersion cup~ ,

Procedure

About 2 grams of. dust are placed in the dispersion cup, the combustion tube
is 'f.itted to the ,top of the cup and the clamp, acting on the air line, is cIoseds .
The air pressure in the reseiioir is raised 'to:, a value' known to give good dust
'dispersion, as judgedvisuaily from the prevf.ous dispersion tests with the same dust,
and the igniting source is energised•. Upon releasing the clamp the air disperses
,the dust upwards through the igniting source and observation is made as to whether
or 'not flame propagates'in the dust 'clciud~

';. ,"
When prOpagation does notoccuf with'one set of conditions th~ ~est~s repeated'

twice'. If there' is 'still no flame propagation the quantity of: dust, the' air
pressure and the position, of the igiliter are varied iri turn., The above, procedure
is used with both forms of the apparatus;

The apparatus is also used to determine minimum explosive concentrations of
dusts. A weighed amount of. dust, known to explode, is placed in the dispersion
oup and a filter paper diaphragm, with a 1/16 in diameter hole in the centre is'
held over the top of. the combustion tube by the brass locking ring. The testing
procedure is the same as described above but the criterion for indicating explosion
is propagation of flame, sufficient to fill the combustion tube, accompanied by
the bursting of the filter paper diaphragm. When this occurs the quantity of
dust is reduced and testing continued until no explosion occurs. The weight of
the smal~est quantity of dust with which explosion occurs is divided by the volume
of. the tube to give the value of the minimum explosive concentration.

- 7
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"APPENDIX 4

:FURNACE '(Wheeler.'"s Test: No .' 2 modif'ied)

Apparatus

The apparatus is ,,~hown diagrammatically in Fig. 6 and co~~ists ofc,~ air
reservoir (A) approximately 28 in3 capaci:t;y, a quick release '" s~,r¥?-g loaded; clamp
(B),,- dust holder (C) and furnace (D). A 'pyrex glass adaptor (E) connects the
holder to the furnace. The furnace tube (F) is of 'vitreosil ~i ":i,ri 'l,ongrr" 17/16:iiJlb3s,
:'internal di~meter, and the heating element "is of ,20S.W .G~' electrical rl1~istance

"wire (frori..,chromium-aluminium type) wound in external grooves whioh .are ,space'd to
give e,jen temperature 'throughout the tube ..length; "The "ftirnacllt,~m.~er~tiie is
controlled :.thermostatically with a temperaturecoiitroller which is &?:ve;ned by a
1,,9S;W;G.chromel/alumel thermocouple cemented"intothe'waJ:l of tne f'urnace tube
at is midpo'iIit.' The entire heating element is .'cioverecl:'wiih ,the cement' and lagged

, , , with asbe atos :t!lpe. Tlie ,tube is fitted into a furnace""bc?x,':ll1ter.na:l J,imensions
6'inx 6 inx "9 'in, made of asbestos wood and filled with' KieseIg4hr. ',The

,. ,f.Urnace box is 'held "in a thin sheet metal casing and is supported" vertically on
'four Iegs. ", ."

:'l'est procedure
, , ,

',,'

"In cases·where'no,ignition ,occurs,in the previous tests the furnace tempera­
ture 'is raised to 10000C, otherwise a lower temperature'm8y be used , About O.2g
of dust is placed 'in the dust holder which is then closed. The spring loaded
(clamp: is applied to the" air line and the pressure "in the reservoir raised to about
5 p.s,.i.g. "The spr.ing loaded clamp "is released and the' dust is blown through the
:furnace"'tube". ,Observation is made as to whether or'not flame appears at'''the
'bottom, of the furnace. When ignition takes place the furnace temperatUre is
lowered, Until two 'temperatures, dif'feringby 100C are obtained; such" tJiat, ignition
takes place at "the higher ,temperature only." When ignition do es 'not occur in
three consecutive tests, at a particular temperature, the quantity ,of" qust dispersed
and the air pressure are varied and the test procedure is repeated. Ln' this way
the "lowest furnace tube temperature at which ignition ~ccurs is" dete~ined.

ThS apparatus may be modified and used to determine 'ignition temp'erat'ures of
,dust clouds in atmospheres ,other than air. ,,:The modaf'Lca'td.on is effecte'd"'by ,
"fitting apy-rex glass adapter with a .sd.de arm (A. 'Fig. '-7); between tne' dUlitholder
and the top of the furnace and fixing a borosilicate 'glass tube '(ll)" ,,3 Lnche s

,-,' internal 'diameter and 6 iillong, directly under the furnace "SO tlia:t;,::the saIllS
" ' ,,":"atmospherEiis mailitailied inside it as in the" furnac'e tilbE,,'itsel.f'~'"Duriiig 'testing

the whole ,of the apparatus is filled with the "required gas mixture. , While the
"reservo1ris .bedzig. filled to the "reqUired pressure; 'and tbrougholit the testing

, ,""', period', the"furii.ac~ tube and the borosilicate:,glasstlibe below'it are !<E!lJ:l:t ,filled
,by paS,SiIJ.g' the' gas' miXture "through the side arm of the pyrex glass:adapt~r~,

-.. ' "Otheryds's" tlie test 'procedure Ts'similar to "that with air'; , ,,,' ","

v-
.i .

",
• ._ 1 _ ~. • •

" :
r:

""'.

• '.,1'. "
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Ignition of cork dust

PLATE 1. HORIZONTAL TUBE

16nition of aluminium
dust

PLATE 2. INFLAMMATOR ...
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(a) Showing continuous
electric spark

(b) Ignition of aluminium
dust

PLATE 3. THE HARTMANN TYPE APPARATUS

Ignition of cork dust

PLATE 4. FURNACE




