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Abstract : The minimum ignition temperature at which the dust cloud can spontaneously ignite is considered to be very
important in industries to prevent explosion occurring in hot surfaces. This paper has dealt with the experimental study
of the determination of minimum ignition temperature of Hydroxy Propyl Methyl Cellulose (HPMC) dust cloud. We have
used the Godbert-Greenwald Furnace Apparatus to determine the ignition temperature and limiting oxygen concentration
for dust could.

The experimental determinations on the minimum ignition temperature were carried out with various particle size with
nominal diameters 45, 75 and 106.m. The limiting oxygen concentration of dust cloud was determinated for the smaller
size(45,:m) HPMC. Minimum ignition temperature of dust cloud was at 364°C for the concentration of 2.5g/L in the air
and became higher with the increasing of nitrogen concentration. It was also found that the ignition didn't occur when
the oxygen concentration was below 10%, and the limiting oxygen concentration is at 11%.
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1. Introduction production processes. Powder handling process, such as

grinding mill, dryer, dust collector, transportation devi-

The amount of use of the combustible dusts which ce, etc. is always exposed to the risk due to dust

are polymer substances has recently been increasing, explosion, particularly in dealing with coal, cereal,
and the hazards of dust explosion are always in the metal, and plastic'™.

Dust explosion has been studied experimentally with

To whom correspondence should be addressed. the combustible dusts for several independent items ;
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autoignition temperature, minimum explosible concen-
tration, minimum ignition energy, minimum oxygen
concentration, rate of pressure rise, etc. Also, the mini-
mum temperature at which dust cloud can spontane-
ously ignite is considered to be very important in indu-
stries to prevent explosion occurring in hot surfaces.

The study on the dust cloud has been actively
performed by Manju Mittal and BK. Guha”, Y.S. Mok
and J. S. Kim”.

The dust explosion process has been considered as
follows. (1) Heat is supplied to the surface of a par-
ticle to elevate its temperature. (2) Oxidation occurs on
the particle surface, so that the temperature may be
further elevated. For some materials the promoted reac-
tion produces inflammable gas as a result of thermal
degradation. (3) Inflammable gas thus produced is
mixed with ambient air leading to ignition to produce
flame. (4) Heat generated due to the flame promotes
the oxidation and ignition of other particles”. This the-
ory, the dust explosion process and dust cloud process
are similar to combustible style. From this point of
view, the basis for the autoignition prevention of dust
clouds should be known the minimum ignition tempe-
rature of particle sizes and the limiting oxygen con-
centration. These are important factors at dust cloud.

In this study, the minimum ignition temperature and
the limiting oxygen concentration of the dust cloud of
Hydroxy Propyl Methyl Cellulose (namely HPMC),
which was manufactured at OO Fine Chemicals Ltd. in
Korea, investigated by using the Godbert-Greenwald
Furnace.

HPMC which is widely used in the fields of paint,
food, paper, pharmaceuticals and cosmetics industries,
has not yet been studies about the minimum ignition
temperature and the limiting oxygen concentration. But
we already study out the LEL(lower explosive limit)
180 g/m’ and MIE (minimum ignition energy) 9.8mJ.
Several dust explosion accidents at OOFine Chemicals
Ltd. have been in recent years. However, small
accidents and troubles still be accompanied with the
power handling. So, the obtained data will be offered
in order to prevent the industrial fire and explosion in
powder industry.
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2. Experiment

2.1. Experimental Apparatus

The experimental apparatus for ignition a dust cloud
in this study is the developed Godbert-Greenwald
furnace® and this is composed of an electric furnace, a
combustion tube(quartz tube), the supplier of compre-
ssed gas, a temperature controller and the others.

The electric furnace is manufactured in the capacity
of 4kW and can heat up to 1000C, and the com-
bustion tube( ¢ 4cm XL 26cm) is set up in the center
of the furnace and the inside temperature of the tube is
measured by the thermocouple(1.6mm) which is
inserted in the center.

The temperature control is performed by the PID
controller and the experiment is done after the tempe-
rature of the electric furnace and the inside tempe-
rature of the combustion tube is controlled with the
same value.

22. Experimental Method

This experimental apparatus is shown in Fig. 1 and
the inside of the combustion tube is sustained at the
desired temperature by the temperature controller, and
then sustained by oxygen-nitrogen (N-Oz) mixture gas.

The sample is charged in the sample tube and then
blown down into the combustion tube in the controlled
pressure(O.Skg/cmz) of oxygen-nitrogen mixed gas. At
this time the ignition is distinguished when the flame
is effused from the end of tube as the sample is
ignited.

@ Heater controller

@ Electric fumace

@ Combustion tube Q, / N, tank

® Sample tube Pressure regulator
@ Solenoid vaive @ O.1. indicator
®0,/ N, chamber @ Nitrogen bombe
® Temperature sensor ® Oxygen bombe

Fig. 1. Experimental apparatus for Godbert-Greenwald fur-
nace of the ignition temperature of dust cloud.
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Fig. 2. Variation of ignition temperature with dust concentration
for particle size 106 um HPMC.

When the flame is not effused, it is regarded as
non-ignition. Then, the experiment is repeated after the
residual dust is cleaned.

3. Results and Discussion

The minimum ignition temperature for various no-
minal particle sizes(45, 75 and 106 zm) were measured
for wide ranges of dust concentration (0.3, 0.6, 0.9,
1.2, 1.5, 1.8, 2.1, 2.5, 2.8 and 3.1g/L). The resulting
data of the variation of ignition temperature with dust
concentration for different particle sizes are shown in
Fig. 2, 3 and 4. The figures show that the ignition
temperature decreases with an increase in dust con-
centration in the lower range where as it rises with a
further increase in ignition temperature.

The curves show the data obtained in the runs of
multiple sets under ignition and non-ignition condition.

The minimum ignition temperature is quite high at
very lean dust concentration of 0.3g/L. This is due to
the fact that at iow dust concentrations, the dispersed
particles are devolatilized rapidly as like as combus-
tible volatile component with the upper explosive limit
value has low oxygen concentration.

Released at lower temperature is not sufficient to
initiate and propagate the flame and hence a higher
furnace temperature is required for autoignition of the
dust cloud in high or low concentrations.

As increasing dust concentration, the vaporization
rate reduces due to a shielding effect on the heat
transfer. Ultimately, this situation is arrived at when
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the combustible vapor concentration reaches stoichio-
metric proportion, and when the oxidation is highest
and the flame propagation is possible at lower tem-
perature conditions.

The combustible volatile materials become the con-
trolling factor for the rate of oxidation, as well as heat
generation. This means that the limiting dust concen-
tration will require a higher temperature.

Preliminary experiments data on minimum ignition
temperature of HPMC is shown in Fig. 5, and the
values ranges are from 0.3 to 3.1g/L for particle sizes
45, 75 and 1064m. It shows that the required mini-
mum ignition temperature increases in proportion to
the particle size.

This behavior may be explained by the fact that for
HPMC dust ignition is preceded by volatilization
which is the controlling reaction step in the process.
The rate of this reaction is dependent on the exposed
surface area of particles.

500

= : Ignition
x : Non-ignitian

a
I3
o

Temperature (T)
-
3
2
xxxguw

xXxAwe

w
@
k3

300
0.0 0.2 o4 0.8 0.8 1.0

Sample (g)
Fig. 3. Variation of ignition temperature with dust concentration
for particle size 75 um HPMC.
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Fig. 4. Variation of ignition temperature with dust concentration
for particle size 45um HPMC.
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Fig. 5. Variation of minimum ignition temperature with dust
particle sizes 45, 75 and 108um of HPMC.
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Fig. 6. Dust cloud autoignition temperature as the change of
oxygen concentration.

For larger particles, the surface area per unit volume
of dust is lower, hence a higher minimum dust concen-
tration is required so that increased volatile combus-
tible products are formed from devolatilization of a
larger number of particle sizes.

Ignition temperature of dust clouds of HPMC with
the concentration of oxygen is shown in Fig. 6.

The minimum ignition temperature of dust clouds in
the air is obtained at 364°C with the sample of 2.5g/L
at particle size 45um and the ignition temperature in-
creases as decreasing of the oxygen concentration. The
minimum ignition temperatures for 18%, 15%, 12%
and 11% oxygen concentrations are 369°C, 375°C, 405
C and 414°C with the sample particle size 45m. It is
also found that ignition doesn't occur when the oxygen
concentration is below 10%, and the limiting oxygen
concentration is at 11%.

140

4. Conclusion

This study was performed by the determination of
ignition temperature and limiting oxygen concentration
with the dust cloud of Hydroxy Propyl Methyl
Cellulose(HPMC) which was used for various purpose
with the development of industry.

The results are as follows:

1) Minimum ignition temperature with dust
concentration for different particle sizes was 364
with 2.5g/L. for 45um, 3757 with 2.5g/L. for 75xm
and 383 with 2.5¢/L. for 106um.

2) The ignition temperature increases as increasing
of particle size. But in the same size, the ignition tem-
perature decreases as increasing of dust concentration.

3) The ignition temperature increases with the
decreasing of oxygen concentration. So, the minimum
ignition temperatures at 21%, 18%, 15%, 12% and 11
% oxygen concentrations was 364°C, 369C, 3757,
405°C and 414°C in the sample particle size 45m.

4) Tt was found that ignition doesn't occur when the
oxygen concentration is below 10%, and the limiting
oxygen concentration is at 11%.
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