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SUMMARY

A small scale vertical tube apparatus and experimental procedure are
described for determining the maximum oxygen concentration permissible to exclude

the possibility of an explosion in flammable dust dispersions.

The results obtained with the small-scale apparatus are in good agreement
with those obtained in an apparatus of industrial proportions. The results are
also compared with those obtained in the standard furnace test apparatué which is
at present used for measuring maximum permissible oxygen concentrafions for

atmospheres in which explosible dusts are dispersed in clouds.

The method of preparing gas mixtures and filling the apparatus has also been

used with the standard dust explosion pressure test apparatus.

It is concluded that a test based on the small scale vertical tube apparatus
can be used for recommendations for the safe working of industrial plant and would

be preferable to the standard furnace test.
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by
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INTRODUCTION

The reduction in oxygen concentration in dust laden atmospheres by the
method of dilution with gases such as nitrogen,. carbon dioxide.and'érgon in order
to prevent dust explosions, is one which can be satisfactorily used in indﬁétfy as

& normal working condition.

H

The method can be convenient and often more economic than some other methods
of combatting dust explosions such as ventlng or bulldlng plant to w1thstand hlgh
pressures. Its use depends upon availability of the inerting gas and the amount of

dilution required for safe working.

The standard small scale furnace test1, which involves a relatively. dlarge:
source of ignition and a heated dust cloud, in current use for measuring maximum
rermissible oxygen concentration for prevention of dust explosions gives results
vhich, in many cases makes uneconcmic the application of the method in-industrial
plant. .

2 have shown that higher

Experiments using apparatus of industrial proportions
levels.of oxygen concentration than those indicated by the standard apparatus may

be permissible with safety under certain industrial conditions.

In previous wqu3 the small scale vertical tube Standard test apparatus has
given -explosibility classification results similar to those obtained in a largefscale
vertical tube. Consequently it was chosen for mocdification in order to ascertain its
suitability as a standard test apparatus for determining realistic meximum
permisaible oxygen concentration values, which can be direct;y‘and economically

applicable to industrial plant, when severe sources of ignifion are absent.
EXPERIMENTAL
MATERIALS

The following dusts were used in the experiments: phenol—fOrmaldehydé resin,
- diphenylol propane, caprolactam, protein 1, protein 2, wood, aluminium and

magnesium.



They had all been previously classified as being in group (a) for

explosibility in the standard dust classificationqtests1. In addition, phenol-

formaldehyde resin and diphenylol propane had been used in experiments.in the
large scale vertical tube apparatus in which the maXimum permissible oxygen

concentration necessary to prevent explosions was determined for both dustsz.

APPARATUS

Figures 1 and 2 show, in diagrammatic form, the apparatus used. Plate 1 shows
the general experimental arrangement with the protective shield removed from the

explosion tube for clarity.

The inert gases and air were mixed in a pressure vessel of 9.1 litres
capacity'(A Fig.1). The pressure vessel was fitted with hand operated needle walves
for separate inlets of inert gas and air and an outlet fitted with a pressure
regulator through which the gas flow was maintained for filling the rest of the
apparatus. The gas mixing pressure vessel was fitted with a staﬁdard test pressure
gauge with scale 0-200 p.s.i.g. and sub-divisions of 1 p.s.i.g; The pre§§ure
regulator was comnected by pipeline to a flow-meter (range 0-1.2 l/min) Which in
turn was connected tc a gas reservoir of 0.46-litres éapécify (B Fig.1); A by-pass
pipeline was provided so that gas could be supplied to the apparatus without going
through the reservoir. The inlet to the reservoir was fitted with a hand operated
needle valve and the outlet with a solencid wvalve. A needle valve was incorporated
in the by-pass pipeline. Suitable pressure tubing commnected the reservoir and
by-pass to the dispersion cup of the explosion apparatus.

The explosion apparatus was a modification of the small vertical tube apparatus

1, and shown in Fig.2. The

with upward dust digpersion described in detail elsewhere
explosion tube was 0.31 m (12 in) long and 64 mm (2.5 in) in diameter.

When the igniting source was an electric spark and the explogion tube was of
perspex, the modification consisted of an outlet pipe (for the gas mixture) near
the top of the explosion tube. When the igniting source was an electrically heated
coil the egplosion tube was of borosilicate glass fitted at its top with a brass
adaptor which permitted closure with a filter paper diaphragm and to which was fitted
a gas outlet pipe (Fig.2). ,

When the igniting source was a continuous electric spark it was provided by
a 15 kV high tension mains transformer. The electrically heated coil ignition source
wag as described elsewhere1. The temperature of the coil during experiments was
adjusted to 1,00000 as indicated by an optical pyrometer. )

The oxygen content of the gas mixture was measured by a polarographic metheod
and the values were recorded by a strip chart recorder. Figure 3 shows the method
used to bring the gas mixtures to the oxygen analyser sensor from both the gas mixing
vessel and the explosion apparatus. The gas mixtures were pumped to the sensor with
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a small diaphragm pump.

The gas-mixing apparstus was also used, with the necessary procedural"
modifications, with the standard dust explosion pressure test apparatus1'fc"
determine maximum explosion pressure and maximum rate of pressure rise’ for :

dusts in a closed vessel with oxygenflnert gas atmospheres

‘For the wark w1th rhenol~formaldehyde resin and diphenylol propene, dust
ccncentratlcns were not measured in the small scale vertlcal tube but welghed
quantltles of the dusts were placed in the dispersion cup at .the beglnnlng of
each experiment and the assumptlon was made that when dispersed the dust would.
unlformly fill the explosion tube the concentration thus being calculated 1n
weight per unit volume. Such values were designated 'Nominal dust
concentrations' and were used for compariscn of maximum permissible ox&gen
concentration values with those obtained in a large scale apparatus in Which‘_
dust concentrations were measured in the explozion tube3 For the other dusts
used no attempt was made to assess dust concentration in the small scale tube,

and the dust was dispersed in accordance with the standard pract1ce1.

PROCEDURE

The gas mixtures were made up in the mixing vessel by the method of partial
- pressures. A final pressure in the vessel which would give sufficient gas
nixture for the experiment in hand was decided upon and the proportions of each
constituent gas were calculated., The amount of inert gas required to raise the
pressure in the vessel to the required value was passed into it and the final
pressure was then attained by the introduction of air. After the first mixing
the gas was discarded and the whole process was repeated. After the third
mixing the gases in the vessel were analysed for oxygen. The required value for
oxygen concentration, within the accuracy of the gas analyser was usually _
achieved with the third mixing but if not the whole procedure wasg repeated as

often as was necessary to obtain it.

The dust being tested was placed in the disPefsion cup of the explosion
apparatus either in weighed or random quantities according to whether or not
nominal dust concentrations were required. The gas mixture was allowed to flow
through the explosion tube via the gas pressure regulator, the reservoir B and
the by-pass (Fig.1).

The flow rate was adjusted to about 500 ml min~!. A low flow rate was used
to avoid disturbing the dust in the dispersion cup. The gas emerging from the

top of the explosion tube was continuously analysed for its oxygen content.

._.3 _



The dust could be dispersed in one of two ways - either by a sudden release of
pressurised gas mixfure from the regservoir B, or by a.fast continuous siream.
of gas., For the sudden gas release tebhnique, when -the desired oxygen. .. -
concentration had been achieved, the solenoid valve and by-pass valve were. . .
closed and the reservoir B charged to the desired.dispersion pressure. . After,
this the flow of gas through the explosion apparatus via the by-pass was
resumed the ignition source was energised, and the solen01d valve opened.

When continuous dust dispersion was necessary the reserv01r was by-passed by
u51ng the appropriate valves in the asystem, 80 that the flow rate of ‘the gas
‘mlxture could be varied at will by use of a hand operated valve to dlsperse the
dust and to maintain the dust cloud around and above the igniting source. Wlth
both methods of dispersion observation was made as to whether or not flame
propagated away from the source of ignition, and if so the distance the flame
propagated up the tube was noted., These two methods of dispersion wefe employed
because in standard classification tests a variety of dispérsidn methods is’

sometimes necessary before a self-propagating flame is obtained.

If no explosion occurred at the first attempt further attempts were made
under the same conditions. If necessary, additicnal attempts were made to
explode the dust using both metheds of dispersion, varying the gquantity of dust
to be dispersed, varying the pressure of the dispersing air in the reservoir and,
in the case of electiric spark ignition source, varying the gap between the
electrodes,

RESULTS

Figures 4, 5 and 6 are plots of the results from experiments in the large
scale vertical tube and the small scaele vertical tube in which phenol-
formaldehyde resin was the fuel and nitrogen the inert gas. Each point on the
graphs represents a group of three tests in the apparatus and where the extent
of flame propagation varied within a group the point shown indicates the most

extensive flame propagation.

Pigures 7 and 8 are similar plots for the experiments in which diphenylol

propane was the fuel and nitrogen the inert gas.

Figures 9, 10 and 11 show the curves obtained when carbon dioxide was.the

inert gas and phenol-formaldehyde resin was the fuel.

In Figs 4 to 11 inclusive distinction is made as to whether flame
propagated away from the igniting source for the full length of the combustion
tube, part tube length or not at all.



Table 1 gives the lowest maximum permissible oxygen values from the
experiments carried out in the small scale vertical tube apparatus and the.
corresponding values obtained in the large scale vertical tube experiments
and the standard furnace test for scome of the dusts. Nitrogen was the inert

gag used in.all the experiments.
Table 1

Maximum permissible oxygen determinations

Maximum permissible oxygen concentration
(per cent vol. using nitrogen.as inert_gas)
Dust T

Small scale Large scale Furnace

vertical tube | vertical tube
Phenol-formaldehyde resin 1.9 12.6 5.4
Diphenylol propane 9.8 9.3 ) 5
Caprolactam 11.4 - 8
Protein 1 2.9 " 5.5
Protein 2 12.9 - 5.5
Wood 12.5 - 5.0
Aluminium 12.3 - 12.0
Magnesium 2.5 - -

¥When related tesis were carried out in the standard pressure test apparatus
with magnesium dust in atmospheres with oxygen content reduced from the
 atmospheric value by dilution with inert gases the maximum permissible oxygen
‘value wag greater and the explosion pressures lower with oxygen/nitrogen mixtures

than with air/argon or oxygen/argon mixtures.

-For the tests in the small scale tubes the oxygen concentration values
obtained from the anlayser did not vary by more than : 2.0 per cent from the
values calculated from the gas mizing data (e.g. 10.0 * 0.2} >« 1.

DISCUSSION

Jince the object of the work was to investigate the possibility of
establishing a small scale vertical tube standard test to determine maximum
permissible oxygen concentration in which dust expleosions will not occur and
give results which can be directly and economically applicable to appropriate
industrial plant, it was necessary for the resulis obtained to be compared with

those obtained in the furnace test1 and the large scale vertical tube?.
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In the standard smell scale vertical tube classification test the
criterion for explosion was whether or not -flame in the dust. cloud detached.
itself from the igniting source!. With the present results obtained with the
small scale vertical tube, distinction is made between flames propagating full
tube length, those propagating part tube length and no propagation at. all .
(i.e. no flame detached from the igniting source). In the large scale vertical
tube similar distinctions were made but flame propagating less than 0.61 m
(2 £t) was considered to be under the influence of the igniting source and was
not considered to be self supporting. . Such flames are recorded as non-

propagating on the relevant graphs.

" In-the small scale vertical tube apparatus there were differences between

the results obtained with each igniting source.

Figures 4 to 11 show that there are considerable differences between the
values of the oxygen concentrations at which full tube length propagation took
place in the small scale vertical tube apparatus and the values for similar
‘propagation in the large scale vertical explosion tube. There was, however,
reasonable agreement between the oxygen values, obtained in both apparatus at
which no propagation of flame occurred. These values have been taken to
constitute the maximum permissible oxygen concentration for prevention of

explosions.

Fléme propégéfigﬁ for pért tube 1engtﬁ obtained wifh fhe small scale
vertical tube apparatus showed that the criterion for.explosion as defined above
is correct for application of the results to large scale plant since .such flame
propagation corresponds to that obtained in the large scale explosion tube, It
is known that significant explosion pressure values can be obtained with dusts

which give partial propagations in the large scale vertical tubezi

The dust concentrations at which the maximum permissible oxygen values
occurred differ in the large and small scale apparatus and this may be
attributed to the different methods of determining dust concentration in the

two apparatus as described above.

The work carried out in the standard pressure test apparatus1 with
magnesium dust showed that the method of msking the oxygen/inert gas ﬁixtures,
used with the small vertical tube test appratus, was readily adaptable to the
pressure test procedure. Consequently, the method is now used as routine when
it is required to measure maximum explosion preséure and rate of pressure rise
for explosible dusts in atmospheres with oxygen content different from that in

air.



The results in Table | show that for all dusts other than metal dusts,
the values for maximum permissible oxygen content are much lower when
determined in the furnace test. Other workers have algc found this to be the

case?. The fumace test, ag described previously1

incorporates a large source
of ignitioﬁ which operates in the dusl capacity of heating the dust cloud to

a relatively high temperature and igniting it. For the majority of industrial
dust handling systems and procesges where such ignition sourceé do;not exist,
the furnace test gives oxygen values which are low and unrealistic anq not

economidally applicable.

The difference between the two values for maximum permissible oxygen for
.diphenylol propane in vertical tubes shown in Table 1 may be accounted for by
reference to Fig.7. The lowest point for partial propagation represents one

partial propagation in three experiments, the other two experiments produced

- non-propagation. The point represents the worst conditions in the group of

three experiments as explained above. In the one partiéi propagafion; i.e.
propagation in excess of 0.61 m (2 £t) from the igniting source, the distance
above the demarcation mark that the flame reached before self-extinction was

so slight as to be designated and recorded as '0.61 m plus (2 £t plus)'.

Figure 7 shows that this accounts for most of the difference between the values
obtained in the large and small scale apparatus. In the application oT such
results to industrial plant the wvalue for oxygen concentration-used in the plant
would ensure a safety margiﬁ which would automatically take such relatively

small differences into_account.

In all cases with both nitrogen and carbon diocxide as the diluent gases
the ‘lowest values for maximum permissible oxygen content, obtained in the small
scale apparatus, may be considered to agree sufficiently well with those
obtained in the large scale vertical tube to be used as a basis for the
application of oxygen levels in industrial plant that will ensure safe and

economic working.
CONCLUSIOKS

1. The small scale vertical tube explosion apparatus can be used to determine

maximun permissible oxygen concentration to prevent dust explosions,

2. Results obtained in the small scale vertical tube apparatus were in
reasonable agreement with those obftained in the large scale vertical tube
apparatus when phenol-formaldehyde resin and diphenylol propane were the

.explosible dusts and nitrogen and carbon dioxide were the inerting gases.



It was found necessary to use bHoth.typés of ignition v

source in the small scale vertical tube apparatus to obtain results in

agreement with those obtained in the large scale vertical tube -apparatus.

It has been shown that the values for max1mum perm1351ble oxygen '
concentratlon as determined in the furnace test are unnecessarlly low _
when considered for application to many industrial situations in Wthh.
large sources of ignition are absent. E . '

The method of obitaining oxygen/inert gas mixtures has been used

successfully with the standard test apparatua1

for measurlng maximum
pressure and rate of pressure rise with exp1031b1e dusts in reduced

oxygen aimospheres.

‘The results obtained in the small scale vertical tube apparatus may.be

used as a basis for defermining oxygen levels in industrial plant that will

ensure safe and economic working.
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