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- THE TESTING OF INDUSTRIAL DUSTS FOR EXPLOSIBILITY

P. S. Tonkin and Monica M. Raftery . .. - < -t

INTRODUCTION - SRR B S
. The first apparatus used for testing industrial dusts for explosibility at
‘the Safety in Mines Research Establishment, Buxton, was designed for the.measurement
" of ‘the relative explosibilities of coal ‘dusts(1). The testing of .industrial
dusts for explosibility, 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({ there have been various modifications and additions to the original
apparatus as well as the introduction of a further test(z); 50 that at present
. there are fTour mein test apparatus all of which may need to be used for adequate

- classification of the dust for explosibility. The Factory Inspectorate use the

results and classification in recommending safety measures for industrial plant
handling explosible dusts.

The testing of dusts for explosibility has now been transferred to the Joint

' Fire Research Organization from the Safety in Mihes Research Establishment and the
test apparatus has been constructed at. Boreham Wood. This report gives details of

~thé design of the apparatus, the method of use and a comparison of the results

- obtained on identical dusts at Boreham Wood and Buxton, | ‘ '

- TEST METHODS
Four tests are used to determine the flammability of the dust. The four
forms of test apparatus are illustrated in Plates 1 - L. In all the tests the
“ dust-is dispersed by an air blast over an igniting source in the test apparatus.
_ .A_qumMary of the main features of the different apparatus is given in Table 1.

" Table 1

Types of test apparatus

Direction of |

Appafatus dispersion of Igniting source I1lustration
dust '
Horizontal tube ] Heated platinum
(Wheeler's Test No. 1 Horizeontal wire coil "~ Plate 1
modified) (8mall igniting source)
Inflammator . Electrically heated
(Vertical tube gizz;:iéiy wire coll or electric Plat§.2

apparatus) spark
. (Small igniting source)

Hartmann type . Electric spark
 (Vertical tube Vertically or electrically

apparatus) _ upwards heated wire coil Flate 5

(Small igniting source)
- . Furnacé , s Heated wall.of I
- {Wheeler!'s.Test No. 2 Vertically | eumace . .. . Plate k.

modified) downwards,

(Large igniting source)

It 1s an essential feature of any test apparatus that it should be capable
of giving as good a dispersion as possible of the dust at the igniting source.
The dusts which are tested have a very wide range of dispersibility and it is
therefore necessary that the conditions for dispersing the dust can be varied

in all the tests.. In all four tests it is therefore possible to vary the blast
:hlch causes the dust to disperse, and the mass of the dust which is subjected
o 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 1300°C and 1000°C respectively. Appendices 1, 2, 3 and L
describe the apparatus in detail and 1nc1ude modifications and.additlona éntiroduced
sinte the peview by Brown(1) :

It is sometimes also desirsble 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. : B

. GENERAL PROCEDURE

Before testing a dust sample its toxicify and that of its combustion products-'
is considered and if the material has toxic properties appropriate- safety pre-
ceutions are taken.

Preparation of dust samples

Whenever possible the dust, as received, is tested directly. If, however, .
the "as received" dust is . not readily dispersable because of high moisture content,
its dispersability may be improved by drying the sample either in a desiccator
or in a liquid jacketed oven at 104°C, If the dust sample contains large particles,
which would block the dust holders in the 'furnace’ or 'inflammator® tests, or would
not 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
discarded 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-
particles have been removed or with the "'as received! dust, 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 dried fractions.

Sequence of tests

Usually the flammability of the dust is tested in the four forms of
apparatus in the following sequencer

1. Horizontal tube. '

2. Inflammator. | | | |

3, Hartmenn type. . ' S -
L, Furnace,

Since the formation of explasible 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, non-ignition in the
horizontal tube apparatus is followed by testing in the inflammator and if there
ig no ignition in that apparatus 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 forms of apparatus an attempt is made to
obtain ignition of the dust cloud within the whole range of conditions of dust
dispersion, and temperature of the igniting source available in the. _apparatus,
TIf ignition is obtalned in either the horizontal tube or the furnace test, then
the lowest .temperature at which the dust will ignite is also determined to within
109C, BSince the furnace teat gives lower temperatures for ignition of dusts than
those obtained in the horizontal tube, it is often necessary to carry ocut the
furnace test even though ignition may have occurred in one of the previous tests.



It is sometimes necessary to determine the amount of inert gas required in
the atmosphere to suppress flammebility of the dust. This is determined in the
furnace test. Minimum explosive concentrations for dusts are occasionally
determined in the Hartmann apparatus.

Detalled test procedures are given in Appendices 1, 2, 3 and 4.
CLASSIFICATION OF DUSTS

"ThHe explosibility of dusts is classified as follows: (3)

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

CLASS IT Dusts which ignite readily, but require a larger source
of ignitions

CIASS IIT Dusts which do not ignite in the tests.

Dusts which ignite and propagate flame in the horizonmtal tube, inflammator
or the Hartmenn type apparatus either as received or af'ter sieving and drying
ere 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 {lame when the furnace temperature is
1000°C, are placed in Cless III.

\

A classified 1list 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 itwo laberattries,
dust semples, already tested and classified at the Safety in Mines Research
Bstablishment, were again tested and classified at Joint Fire Research Organization.

The results of thesse tests are shown in Table 2 and results .Qbtained at
Buxton, with the same dusts, are included for comparison.

The results given by the new apparatus are in reasoﬁable agreement with those
obtained with the apparatus at Buxton.. The same classifications of explosibility
were cbtained with all the dust samples in both sets of apparatus.
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TABLE 2

. Comparison of results obtained f;rom dust teating carried out at the Safetly
in Mines Research Establishment, Buxton, and the Joint Fire Research Orgenization

Hinimum coil

Minimum furnace-

Inf'lammator

_ temperature for temperature for Hartmann type < s
ignition ©C ignition 9C test test Classification
Dust sample Test 1 Test 2
J.F.R.0, S.M.R.E. J.F.R.O, . S.4.R.E. J.F.R.0, J.F.R.0. J.F.R.0. S.M.R.E,
_ Cork 1040 950 470 470 Not tested Not tested I I
L]
Gocoa and condensed 930 880 385 430 Not tested Not tested 1 1
; Partial
Liquorice dust 1050 igrition only 485 500 Not tested Not tested I I
Hagnesium Oxide No ignition No ignition No ignition No ignition No ignition No ignition II1 111
* Carbon fines s - ’ . s
No ignition No ignition 560 620 No ignition No ignition II 11
sulphur contaminated [sieved and dried) . )
Crushed nutshell 950 960 455 420 Not tested Not tested I I
Wood dust 1005 . 1160 470 %30 Not tested Not tested 1 I
( No ignitio:;t (No ignition)
Aluminiun dust 88 received as received
(Coarse) Not tested Not tested No ignition No ignition No ignition Tgnition I I
(zieved) (zieved)
Magnesium dust Not tested Not tested 600 730 Ignttion _ Not testad I 1
Carbon dust ‘ . - -
with aluginium Not tested Not tested 530 570 No ignition No ignition II II
Stramonium No ignition No ignitioﬁ 400 460 Ignition Not tested 1 I
Bronze dust Kot tested Not tested No ignition No ignition No ignition No ignition III I1I
Bronze dust Not tested Not tested 980 8501000 No ignition No ignition IT I
(sieved)
Bronze dust Not tested Not tested 44O . 450 Ignition No ignition - I I l




APPENDIX, I .
HORTZONTAL TURE (Modification of. Wheeler's Test No. 1)
Apparatus

A sketch of the apparatus is.shown in Fig. 1s The. 3 inch internal diameter,

“Horizontal, borosilicate glass, combustion tube (A. Fig. 1) is in.two. parts.

The left hand part is 18 in long.with a one inch diameter, hole in its wall,. . -
situated 5 in from one énd.and the rlght hand part: 15 36 in long. - Both parts:

are held in adgustable iron. supports. and. butt on to 0pp051te sides of . the asbestos
wood holder (B) for the ignition coil,. The two. parts of the tube are held tightly
L,agalnst the asbestos wood, by “two tie. rods actlng on brass collars. whlch are )
':clampe& externally to ‘the approprlate ends of the tube parts. The butt JOlnts
are. sealed. w:.th soft Jomtlng material. . . e )

N Flg.Z shows the. 1gn1t10n COll unit: . The 1gn1ter con31sts of a platinum
'”w1re coil 0,7 .in long made from an 18 in length of 32 8. W.G. platlnum. .The coil
'is wound around the outside of the certre section of a ceramic tube 6 in long
approx1mately 0.04 in bore and 0,1 in ¢utside diameter. .The turns of -the coil

are spaced to give even temperature along its length. - The ends of -the coll are
commected to the output side of a variable transformer which allows the’.coil ‘to be
‘héated to 13009C. The bore.of the .ceramic tube carries a thermocouple:with its

7 'butt welded junction at the centre ‘of the tube.. The couple is made of pure .

platinum, 13 per cent rhodium-platinum wire, 26 S.W.G. The ends of this thermo-
couple are connected, with compensating leads, to a millivoltmetér. which indicates
the temperature of the ignition coil directly. The igniter is fixed in a groove
3/16 .inch .deep in the asbestos wood holder, The asbestos wood has a 3 in diameter
hole in the centre and when the apparatus 1s assembled the ignition coil lies
diametrically across the combustion tube in the horizontal. plane.

4

Dlsper51on of dust around the coil is effeoted by a blaat of air- -which -may be

: “varled in quantity as required. The air is metered -(C. Fig. 1) at the required
7" flow rate and then diverted for 2 -seconds on to the dust in the combustion tube by

" “the operation of & three-way sonenoid valve (D)... The valve mechanism is operated
by a rélay uontrolled by a cam on the shafting of enn electric clock motor.

Test procedure

About 2 g of” the dist sample are placed in a conical heap in the combustion
tube, through the one inch diesmeter hole in the tube wall, The hole is then _
sealed with a cork and the 1gn1t101 coil is heated to 13009C. The heap of dust
is then dispersed in the dirsction 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 cloud ignites, the temperature of the ignition coil is reduced and the
amount of dust varied until the lowest two temperatures are obtained differing by
10°C 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 temperature of 1300°C the
quantity of dust is increased and further attempts mede to obtain ignition., This
procedure is continued until ignition occurs or until no further increase is
obtained in the amount of dust dispersed as judged visually.



APPENDIX 2 .~
INFLAMMATOR .
Apparatus

The ' combustion tube: (A, Fig. 3) is of borosilicate glass, 3 inches. 1nternal
diameter and 40 in long. It is open at the’ top and closed at the.bottom:withia:
loosely” flttlng rubber. bung. The tube has four side arms one inch internal-/ F

diameter, 2.5 in-long, at ‘intervals of 10 in along the right hand: side &nd: one:
“gide’ arm of like’ dimensions of the left hand side forming a cross 5 1nsfrom\the-
-bottom of thé tube. The ignition coil Yolder or electrode holders fit inte. the: :
bottom ‘side erms and a brass dust holder ‘(B) fits into any of the::side:arms- ahove
the’ 1gn1t1ng ‘source,’ ‘The:dust isi'blown from the  holder with:a ‘blastof-.air: fnom
an. air reservoir (C) of 28 inJ capacity. The dispersion of. the-dust clouk is = -
improved by the deflector plate (E). Ta allow filling of the reservoir to the
requlred pressure ‘and the quick'release of the air, a spring-loaded, clamp:'assembly .
(D) operates on the rubber tublng between\the alr ‘Teservoir and the dust holder.

.y

The source of". 1gn1tion may- be elther a hot .coil or-an electric spark. The
c011 (F) is 7% turns of '20 S.W.G. electrical resistance wire, each turn-being-
) /ﬁ6 inch internal dlameter, éand is heated by a 10 volts 20 -amperes A.C. supply
ThHe electric spark is generated from an induction coil with & Ruhmkorff commutator
and thé energy applied to jts- prlmany clrcult 15 about 70 Watts.» ST RENS
PR Lo T DL SRS
"'Procedure o ' -’_‘ o ; S .
About 2 g of the dust to be tested are placed in the holder (B. Flg. 3)
which 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
ignition is used, either the wire coil is heated to about 1300°C or continuous
'sparking between the electrodes is started. The -air is then released- from. ‘the
reservoir by operatlngthe clamp and observation is made as to whether orinot flame
"propagates in-"the -dust cloud as the latter falls past the igniter, "If no ignition
occurs af'ter three attempts, the quantity of dust, the air pressure anid. the
position of the dust holder are varied in turn in further attémpts..

The actual temperature of the igniting coil is not measured in this test.



"APPENDIX 3

Apparatus

Figure 4 shows the apparatus disgrammatically.  (A. Flg., L) is. a. brass block,
the top of which is a dispersion cup and the air for dlsPer31ng the. dust ‘is
delivered. through a brass tube (B) 0,375 inch internal’ ‘digmeter in the centre of

. the cup, - At -the end of the tube is a mushroom-like &ir deflector (C). . Fitting
* to the top of the' cup, by means of a brass adaptor, is a perspex gombustion tube’

(D) 2.5 inches internal diameter and 12 in long., The tube has five. pairs of

. -diemetrically opposed brass electrode holders; fitted into its wall, . A pair of
. brass electrodes is screwed through the approprlate holders and a spark gep of

about 0,25 in is used. Fitting over the top of the perspex tube-is & brass
locking ring (E), 2.5 inches internal diametér, which, in certain tests, holds a
filter paper diaphragm in position, The combustion tube assembly is flxed to the
dlspezsion cup by clamping bolts and the disper31on cup is fixed. to the wooden
base' \F). - - . :

The aspparatus 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 1nflammator test, R

The test apparatus may be modlfled to enable dust to be dlspersed ‘upwards over

. & different igniting source, the source being an electrlcally heated wire coil,

The perspex tube is repiaced by & 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 L 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. 1nverted thus .allowing the 1gn1t1ng coil to be

. used ‘at two different helghts above the dlsper31on CUPe

- Procedure

About 2 grams of dust are placed in the dispersion cup, the combustion tube
is fitted to the top of the cup ‘and the clemp, acting on the air line, is closed,.
The air pressure in the reservoir is raised to a value’ knowri to give good dust
‘dispersion, as judged v1sua11y from the previous dispersion tests with the same dust,
and the igniting source is energlsed . 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 cloud°

When propagatlon does not occur with one set of condltlons the test 1s repeated-

‘ fwice. If there is-still no flame propagat:on the quantlty of. dust -the air

pressure and the position of the igniter are varied in turn., The above procedure

is used with both forms of the apparatus. o -
The apparatus is also used to determine minimum explosive concentrations of

dusts,s A weighed amount of dust, known to explode, is placed in the dispersion

cup and a filter paper diaphragm, with a /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 propasgation of flame, sufficient to £ill 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 smallest quantity of dust with which explosion occurs is divided by the volume
of the tube to give the value of the minimum explosive concentration.



. APPENDIX L
FURNACE (Wheeler's Test No. 2 modified)
Apparatus

The apparatus is shown diagrammatically in Fig, 6 and consists of .an air
reservoir (A) epproximately 28 inJ capacity, a quick release, spring loaded clamp
(B), dust holder (C) and furnace (D). A’pyrex glass adaptor (Eg connects the
holder to the furnace, The furnace tube (F) is of ‘vitrecsil 8% in'long, 17/16.inches.
‘inteérnal diameter, and the heating element is of 20 S.W.G. electrlcal registance
‘wire (1ron-chrnm1um—alum1n1um type) wound in external grooves which ere,spaced to
glve even temperature throughout the tube.length. -The furnace temperature is
controlled .thermostatically with a temperature controller which is governed by a
19 S.W.G. chromel/hlumel thermocouple cemented - into the' “wall of the furnace tubhe
;at is midpoint. The entire heating element is :covered w1th the cement and lagged

" with asbestos tape. The tube is fitted :into a furnace’ box., ‘interndl dimensions
6inx 6 inx 9 in, madé of asbestos wood and filled’ w1th‘K1eselguhr "The

" furnace box is ‘held in a thin sheet metal casing and is supported’ vertleally on
‘four legs. :

iTest'pr%cedure ,
‘In cases:where 'no 1gn1t10n .occurs in the previous tests the furnace tempera-

ture is raised to 1000°C, otherwise a lower tempersture may be used. About 0.2g

‘of dust is placéd in therdust holder which is then c¢losed, The spring loaded

. «clamp’ is applied to the air line and the pressure in the reservoir raised to about

5 pes.i,g. The spring loaded clamp is released and thé 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 iB

lowered. until two ‘temperatures, differing by 109C are obtained, such’ that ignition

takes place at the higher temperature only.. When ignition deoes not occur in

three consecutlve tests, at a particular temperature, the quantity of dust dispersed

and the air pressure are varied and the test procedure is repeated. In this way

the .lowest furnace tube temperature at whlch 1gn1t10n occurs is determlned.

Thé apparatus may be modlfled and used to deteérmine 1gn1tlon temperatures of
dust clouds in atmospheres .other than air. . ‘The modification is effected by
fitting a pyrex glass adapter with a gide arm: (A. ‘Fig. "7); between the dust holder

. and the top of the furnace and fixing a borosilicate glass tube '(B), .3 inches
internal diameter and 6 in long, directly under the furnace so that -the same
“atmosphere is mairntained inside it as in the. furnace tibe:-itself, "During tastlng
the whole .of the apparatus is filled with the required gas mixtuyre, While the
‘reserv01r is being filled te the required. pressure; and throughout the testing t-
period, the furnace tiube and the borosilicaté. glass ‘tibe below it are kept fiilled
by passing the" gas mixture ‘through the side arm of the pyrex gless adapter.;

- Otherwise the test procedure “isrsimilar to that with air)
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