Chapter V

Results and Discussion

In the past, the causes of dust explosions have been systematically
researched by l|aboratory-testi 0.\ combustion, ignition, and explosion
‘ ' / ' the results and the experience

behavior of combustible dusi
gained have been transfemes '1“-'.7 stri= mette. Yet, dust explosions still
occur, causing major daaaes™s | 'ties.
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results were considered and discussed in detail.

!

ber of pieces of filter papef on top of the explosion

5.3 Effect of the average particle size on the LEL values of flour dusts :
The apparent LEL values measured by this tester were evaluated to see the
effect of particle size.
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5.4 Effect of the moisture content: Most dusts contain a certain level of
moisture which is believed to act as a suppressant because the moisture
requires heat of vaporization to escape. The present research investigated
experimentally the effect of the moisture content on the LEL values of flours.
The results were reported and discussed in this part.

5.5 Effect of the source of flolg)giysts : The same type of flours but
‘ o different LEL values. Therefore

2o the results discussed.

produced by different compgs
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5.1 Improvement of The Dust Explosibility Tester

5.1.1 Installation of silica gel to dry the compressed air

The tester uses a compressor to produce compressed air for
dispersing the dust and form a dust cloud. Generally the ambient air
contains a small amount of humidity. When it is compressed and cooled
down, water condenses out 3% dgulates within the compressor and
pneumatic line. When the e
air may even carry Ssorri=ee

moisture can significang g -a\:‘;-

As shown in Tz W
used to evaluate (cality @ agd . H“x, ester. The concentration
' g to 40 g/m® while keeping
\ the air flow channel at

; podium was then found to

of lycopodium was red:gf
the gap of the spard
6 mm and 2 mm, reyfs
range from 54.5 g/m®

After silica gel wag@Finss line to adsorb humidity from
sent was as shown in Table 5.2.
af 585 g/m’ to 50.8 g/m’.

.. of silica gel in the air

the compressed air, the res
The observed valu :&

Thus it may (g
line reduced the air7 ' BMSr mnition. As a result, the
average value of the -1 easured LEL values (50.6 ‘rj n°) was reduced close to

APPIE's standﬂ ﬁﬂﬁm"g‘n %Jw H’] n ﬁ

5.1.2 Varying the sparking delay time O/
WL 1o d Sidr & P hc vans o
the air taak until the onset of electrical discharges to ignite the dust cloud is
the spark delay time.

According to the standard test procedure (APS002-1991), a suitable
spark delay time should be selected from the following three values ie., 0.1,
0.3, 0.5 seconds. The effect of the spark delay time on the LEL values
are summerized in Table 5.3 (detailed results are given in Appendix 2).
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Table 5.1 Measurement of LEL for lycopodium powder (without drying of compressed air)

Test date 2-Feb | Name | Songchai
Instrument C.U. Explosibility Tester #1
Name of test powder Lycopodium
Type of test powder APPIE Standard test powder
Particle size 25 microns®
Pretreatment Kept in a dessicator more than 1 day
Drying condition no | Temperature: C, Time: h, (Moisture: %)
Atmospheric temperature and humidity J Temperature: 28°C, Relative humidity: 58%
Spark delay time 0.1 seconds
Width of air flow channel 2 mm
Distance of sparking electrode | Y, \” y 5 mm
Compressed air -_— , g/cm’G
Filter paper 1 pieh® "'-; __ Whatman No. 93

Number of measurements | .:-25__ mes
Sample]  Weight of dust sany LA . Limit (g/m°) Remarks
1 0.0673 .
2 0.0670
3 0.0669
Average
Evaluation (reference) |
Note +: Mass-average particl#5i §#

Table 5.2 Measurement of LEL foy,

(after improvement by installation of si "mpressed air)

Test date -Eeb ' 7 nngchal
Instrument ——— - :
Name of test powder :
Type of test powder Sard te f; powder
Particle size 25 micron
Pretreatment S Kept.i icatar, hap 1 day
Drying condition ’ rethrf: ; e: h,d (Moisture: %)
Atmospheric temperatur@jand humidity | Temperature: 28°C, Relative humidity: 60%
Spark delay time_ N 4 0.1 $9eonds __ &J
Width of air flow ‘ _ ) 4
Distance of spark ectrode 5n B
Compressed air 1.8 kglem’G
Filter paper 1 piece(s) | Type: | Whatman No. 93
Number of measurements | 3 Times
Sample] Weight of dust sample (g) [ Lower Explosion Limit (g/m®)| Remarks
1 0.0624 50.8 -
- 2 0.0624 50.8
3 0.0620 50.5
Average 50.7
Evaluation (reference) | Explosibility: High

Note + . Mass-average particle size was measured by micron photo sizer
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Table 5.3 Effect of the spark delay time (duration of sparking = 3 sec.)

Powder name | Spark delay time (seconds) Average LEL (g/m”)
0.1 50.6
Lycopodium 0.3 56.0
0.5 63.9

The above experimepis ) . that a spark delay time of 0.1
seconds gives the best z¥ssale "= quite close to the standard

ipei is necessary to improve
&lair flow channel between
y affects the dispersion

Adjusting the
the performance of i
the dust cup and the
condition of dust in the
Thaairﬂowma Y el by rotating the screw of the
mushroom-like umbrella untifEE=—=== e of LEL has been obtained.

2. 1.5mm, 1.0 mm and 0.5 mm)

5 dix 2).

Test results for various
were summarized

Table 5.4 Effect of Je height of the air flow chadnel
‘o .Y

Powder name| . Fi ﬂﬂverage LEL (g/m")
T 29 o o 506
e T TR T T T 1
9 1.0 47.2
0.5 47.7

Table 5.4 reveals that a decrease in the height of the air flow
channel essentially reduced the wvalue of the LEL down to a constant.
Obviously, a height of 1 mm is the most suitable.
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5.1.4 Adjusting the gap between the sparking electrodes

One indispensable requirement for dust explosion is the ignition
source. An ignition source of sufficient energy to initiate flame propagation
must be in contact with the dust suspension. Therefore, an optimal gap
between the sparking electrodes should exist.

The gap can be adjusted by tuming the screw on each electrode
holder. The APS002-1991 test piekgcure recommends that the gap between
the sparking electrodes ' ,\ ,z:,/: ge of 4 mm to 6 mm.

Table 5.5 showsSSSmelECt of HSamlogléd mm, S mm and 6 mm) on the
LEL. In the range g et oAverage values of the LEL
remained essentially coue® RS above S the LEL value increased.

Table 55 Results St 2 & £/ 4 Dg e "8, Uie sparking electrodes

Powder name “WAverage LEL
(g/m®)
476
Lycopodium 47.2
47.2
\F Y )
A gap of 477 =" that fully conform to the

4

standard value (45 "‘Is m).

Ot in iy i ot | ot B

Filter paper is ﬂanneabie to air.¢ The rate Q?t mmpress% air flows through

the ﬁlﬂ m a @ﬂwaj ﬁﬁ] 63 wwsf de number of

pieces paper, which in turn affects the measured

Table 5.6 Effect of the number of pieces of filter paper (Whatman no. 93)

Powder name Numbers of paper (pieces) Averagz LEL (g/m”)

Lycopodium 1 47.2
2 48.0
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As seen from Table 5.6, one piece of the filter paper yielded a lower
LEL than two pieces of the same filter paper. Therefore, only one piece
was used in all subsequent tests.

5.2 Comparison of the experimentally obtained LEL values with standard
and published values

The APPIE standard testyldfigr (lycopodium) was used to calibrate
the tester. Furthermore, salbeteh It/ #afvles (HDPE, Dextrin and sulfur)
were used to compare e A LEL values with published
values. HDPE powder _as™™ i aine saiyethylene plant, dextrin and
sulfur powders came, ' 3 mistry Laboratory of the
Chemical Engineering

Each test powdegffz ; \

a) Since powdfr ol fiT Tnais\ SinMantly on its particle size
distribution, the test " a standard sieves (sieve
number 45 microns).

b) The sieved tes
least 1 day. Table 5.7 shc
used in this sectio

kept in a dessicator for at
Un procedure of the test powders

L
.

7 Y )
Table 5.7 Preparatiois -l 2re S ,..

) a‘?ﬁﬁﬂfﬁmﬂ el

Lympcdlum 7 o/ Yas

‘ Yes
Bextrin under portion, sieve no. 45 Yes
Sulfur under portion, sieve no. 45 Yes

After the above preparation, the mass-average particle size of each
sample was measured using the Micron Photo Sizer (Seishin Enterprise Model
SKC-2000).
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Table 5.8 and Fig. 5.1 compare the experimental values of the LEL
with the standard and published values for the 4 types of dust.

Table 5.8 Comparison of experimental and published LEL values

Powder name | Experiment/ Mean partida size Lower limit conc.
Standard i ns] (g/m®)

Lycopodium Experimenss W;" 47
== 45
HDPE 26
20
Dextrin 58
60

Sulfur ] F \\\\‘ <
Refafer g ‘m, l\\\ >

EI
Note : 1) See Appendix 2 f;‘ TN
2) The mass-average, 75
photo sizer (Seishin ™§n
3) Referenck’
) n

vas measured using the micron

AiAd from NFPA68 (1988).

.—'—‘m ' -

qﬁ . e
o) ”*:? YERE

Exp. =LEL
O Meaan particle
Sid. sire

Mean panicle gioe (microns) or
Lower Explosion Limet , LEL (g/m3)

Figure 5.1 Comparison of experimental and published LEL values
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Since all the four types of dust samples show LEL values close to
the published ones, it may be concluded that the present Dust Explosibility
Tester (named C.U.#1) was accurate and reliable after the calibration.

Of the four types of dust studied, lycopodium was APPIE-designated
standard test powder, with average particle size of 26 microns. The
measured LEL fully conformed to the standard value (455 g/m?).

¢ size of HDPE is smaller, its
the volatile matter becomes
faster, thus reducing

d \ In fact HDPE powder is
classified as highly € // \\

Dextrin was the gf0: ‘ ; ng the four types. The
sulfur powder had a teyf - SO ': O, izen it contacted humidity in
the air. Chemically# thg o0s ”,\ I flammable and easy to
ignite.

According to T the LEL wvalues show the

following order of increas

easy to explode_ at Ig difficult to explode
HDFE L e ——— e M Dextrin

5.3 Effect of average particle size on the LEL vilues of flour dusts

Most in Eﬁmw offe ‘ ” ' i\ the propagation of
flame in a d ) l: 1 ﬁa cles having roughly

equilateral dlmensmns often appmdximated asmspheres. Tygically the particle

oo PGNP SN HoY b o

there is definite tendency for the LEL values of a monosize dust to
decreases and approaches an asymptote as the particle size becomes
smaller and smaller. The relationship between the LEL value and mean
particle diameter for MMA beads (Enomoto and Matsuda, 1985) has been
shown in Fig. 3.21 (Chapter lll).

As seen from Table 5.9, five types of dust samples, named F1 to F5,
were studied to understand the effect of particle size as well as the different



Table 5.9 Classified flour samples by sieving
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Types of Fraction Pretreatment step Particle size (microns)
dust sample undergone
Cas-1 (a), (b), (c) <45
F1 (Cassava flour) Cas-2 (a), (b), (c) 45-53
Tradename : Tauyaymom (a), (b), (c) 53-75
-~ (b), () as bought (dried)
as bought (undried)
<45
45-53
F2 (Cassava flour) 53-75
Tradename : Dragon Fi 75-106
as bought (dried)
as bought (undried)
106-150
F3 (Rice flour) 150-180
Tradename : Erawan >180
as bought (dried)
........ as bought (undried)
<45
45-53
=, Com-3 as (a), (), (c) 33-75
F4 (Com ﬂﬂ}u ‘ 133 75-106
Tradename : Tafifood Corn-5 (a), (b), (c) 106-150
qw,—]a : 4 ® &) ¢ ' | 150-180
H ey d *=as bought (dried)
Comn-8 None as bought (undried)
Wheat-1 (a), (b), (¢) 106-150
F5 (Wheat flour) Wheat-2 (a), (b), (c) 150-180
Tradename : Wheat-3 (a), (b), (c) =180
Australian Wheat Wheat-4 (b), (c) as bought (dried)
Wheat-5 None as bought (undried)
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source of flour dusts on the LEL values. The particle size of interest lay in
the range of <45 to >180 microns. The LEL values were measured using
the standard test method of APPIE.

Before the explosion experiment, each type of flour was pretreated as

follows :

a) To investigation of the effect of particle size it was necessary to
classify the flour samples using §¢ § andard vibration sifter. The standard
sieves (45, 53, 75, 106, & N ) y were used for classification flour
dust as shown in Tables

b) Classified f! "1 electric oven to dry at 50°C
for approximately 1 Zs Staio. alter the powder properties.

c) The dried ¥5 ReOhda a dessicator.

After the abovgf g £z anha been completed, the test

samples are ready##or
Table 5.10 lig
Cas-3 for Type F1

‘¥alue for Cas-1, Cas-2 and
fction of the nominal average
particle size (see deta, . Adix 2). As expected, the LEL
concentration increased = : Micle size, which was presented
graphically in Fi 5, ' The average particle size
ranged from 22!
flour was nearl},r . i“ or particles finer than 49

|
|

e value rises remarkably *&r particles larger than 49

‘, L value of F1 cassava

microns, whereas
microns. ¢ o o |
Simn%.uﬂ S’Jm&mw%’m’lﬂie nominal particle size
of F2 cassava flour on the EEL mncerﬁtiun (see dwi’ls in Appendix 2).
s QYNGR I ANLTNY AR R 1= v
steeplyibetween 49 and 64 microns (Fig. 5

Figure 5.2 clearly illustrated that even cassava flour samples of the
same nominal average size could had different LEL values (Cas-1 vs Cas-6 ;
Cas-3vs Cas-8). There are two possible explanations for the difference in
LEL concentrations. Fig. 5.2 (b) reveals that type F1 had a much narrow
particle size distribution and a smaller average and mean particle size than
had F2 because of certain difference in their production equipment, especially
the product classification specifications. Thus it is reasonable to assume that
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Table 5.10 Effect of particle size of F1 cassava flour on the LEL value

Tradename Powder name | Nominal particle size Average LEL
(microns) (g/m?)
Cas-1 225 161.6
F1 Cas-2 49 164.1

207.2
121.9
165.6
289.7
307.5

—{—Type F2

u ‘ .‘_, I
y | (Cassava) | -
0 20 40 607 8D 10C 0 40 80 120 160 200

R TN SN T

s 350

E

o 210 Ay
E 140 —d—Type F1
= 70

s

ARIANTAUNNINGINY

Figure 5.2 (a) Effect of particle size of cassava flour on the LEL
(b) Particle size distribution of cassava flour

fraction Cas-6 of F2 had a higher proportion of finer particles than fraction
Cas-1 of F1, though their nominal average sizes were the same. As a
consequence, the LEL value of Cas-6 (121.9) was lower than Cas-1 (161.6).
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On the other hand, Cas-8 of F2 had a higher LEL value than Cas-3 of F1
because the latter had a higher proportion of rougher particles since its size

distribution was very broad.

The second possible explanation attributes the different LEL values to
the assumption that F1 and F2 might have different chemical compositions
because they came from different sources. However, it can not logically
L in Cas-6 and a higher LEL in
@ concluded that any difference in
chemical properties, * . e id be quite samil or had much
less effect on the LEL _Sie > e, = abution.

Table 5.11 sumza®", 'l i size for, the cases of rice
flour (Type F5) (detailed

results recorded in Ap;

Table 5.11 Effect of gfr gl Fsiz¢ e e for each type of flour
, £
Type Fracti - : size Average LEL
== ns (g/m®)
Ri 103
F3 ‘ — ——— 1226
142
155.9
: 1586
F4 1 " Se 166.3
A - Som-4 ¢ 90,5 o/ 180
AR IEZLIE ARG
9 Com-6 165 189.1
Wheat-1 128 162
F5 Wheat-2 165 1889
Wheat-3 >180 190.1
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As is well known, the effect of particle size on the LEL exhibits a
rising trend for all the cases (Fig. 5.3 (a)). Fig.5.3 (b) shows the particle size
distribution of the three types of flour obtained using the standard sieve.

Fig. 5.3 (a) and (b) reveal that for the comn flour (Type F4) with a very
broad particle size distribution (22.5-180 microns), the LEL value shows a
rather steep increase in the size range of 49 to 90.5 microns. Below 49
microns, the value is essentially sedrifept at 155-160 g/m®, which conforms to
the fact that the LEL valu, "',g. ] ,- o an asymtotic minimum as the
particle size becomes fimeseand finer. “«= e other hand, as the particle
size increases there woi_ we= ‘tafe-cif™wegarain which the LEL value

The mesured LEL

0 40 80 120 160 200
Nominal particle size (microns)

(b)

Figure 5.3 (a) Effect of particle size of rice, com and wheat flour on the LEL
(b) Particle size distribution of group F3, F4, and F5
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rises steeply, unti a maximum size is reached beyond which explosion
cannot occur. The experimental results for F4, which shows a gradual rise
in the LEL as the nominal particle size increases from 90.5 to 165 microns,
imply that the observed LEL of each fraction was mostly determined by the
portion of finest particles existing within each fraction.

In the cases of rice flour (Fa} and wheat flour (F5), both of which had
rather narrow size distributiongy WEIF £ values were found to increase
rather steeply in the rang . . icmns. the so-called "take-off”
region. —

comparable fractions e o/ \\?‘w\ f:-“?

are the LEL wvalues of
rr Table 5.10 and 5.11
spncentration :

High LEL value

— » Cassava flour

Low LEL value

Rice flour —————»

each type of flour (see
qualitative correlation may be

Appendix3 for detailed data]
summarized in Tabjeys may e that the chemical

Table 5.12 Qualitati 7l cd “parties and LEL walue
(Comparable particle srz?]
‘o Y
(o eINAS
Flour type %# ratés pfoteifls ' [V &= jipids ¥ | LEL value
¢
Cassa |y 1laveato ." ” ighest
Com 9 ia : ¥ highest
Wheat 2™ lowest 2™ highest | 2™ highest 2™ lowest
Rice Lowest highest highest lowest

composition of a flour type has a controlling influence on its LEL value.
The higher the percentage of lipids and proteins, the lower the observed

LEL walue.
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So far It is still unclear whether or how the protein and lipid contents
of each flour type really influence its LEL value, which is beyond the scope
of the present work.

Since the LEL is an indicator of explosion sensitivity, it should not be
dependent of the calorific (heating) value of each flour type because the
heating value should affect the explosion severity (maximum explosion

AUt INENINeINg
ARIANTAUNINGA Y
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5.4 Effect of moisture content

In this section the effect of moisture content on, the LEL value for
each dust type, namely cassava flour (Tauyaymom), cassava flour (Dragon
Fish), rice flour, com flour and wheat flour, was investigated. All of the test
samples were taken from their containers for use within any subsequent size
classification. Therefore, the particle size distribution was rapraéentative of

the products on the market.
Dried test samples W27 according to the described

é test samples were taken

gkserved LEL value of the
For example, the
average LEL values of : A “'».\j_. ly 0% free moisture) and
moist com flour ( 3.7#%5% f§ 4 o SUI 18 356.8 g/m® respectively
(detailed results reco a Bie5.13 illustrates how much

the moisture content suil-#5& T

Ly

procedure in Table 5.9.
directly from the bag couie
As expected, f

dried sample was 2!

V =3
Table 5.13 Influence of moisim===s the LEL

- e e —

Type
(Average size)
F1

(52 microns)
F2

(57 mil::mns‘
F

(140 mim'ans}
F4 Com-7 0 192.8
(60 microns) Com-8 3.7 356.8
F5 Wheat-4 0 165.1
(138 microns) | Wheat-5 48 183.0
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Generally not only the LEL value but also the explosion violence is
reduced with increasing dust moisture content because of the specific role of
moisture in reducing both the ignition sensitivity and explosion violence of
clouds of organic dusts (Van Lamr and Zeeuwen, 1985).

5.5 Effect of the source of ﬂnur dust
Cassava flour Type F1 ai
effect of a different source & :
As discussed in sectionwmietnd partics fistribution seems to have a
dominant effect on ths ’//'*/ S -.. seasible difference in chemical
3 N

e from two different sources. The
was summarized in Table 5.10.

iy

composition seems to uf ,// \ N her words, as long as the
particle size distributiog®ha® FIF <

the same, the source oy ~I A
the LEL.

\ A, as moisture content) are
"‘\\: should have minor effect on
5.6 Comparison be "\\ ew) toner and used (once-
through) toner

The toner used in a E’ﬁi" an organic dust. In the step of

copying part of 400 apee while the excess toner
is skimmed and ccj ;"“"""—""‘_—f‘ is the so-called “used
(once-through) toner". -}l _ c' in is to see whether the

LEL value increases & demaasas hafore and after the toner passes through

" " Ut AN SN e e e

the procedure mentioned in sectibn 5.2. they wereqsieved to obtain

oo 10 T B IS Bl M VY BH] DI o

observed 1EL values.
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Table 5.14 Comparison between fresh toner and used toner

Powder name Average particle size Average LEL
(microns) (g/m’)

Fresh toner 19.4 40.3

Used toner 228 47.5

The LEL of the [mesmesn: _ hian the used one, while the
former had a slightly sgame ‘ ‘ than the latter. Because
the excess toner could.m#" . /2% Meggffect of melting, the used
toner has slightly laroega & 406 Fpe | the fresh toner (detailed
results shown in Appeny : S toner had a slightly higher
LEL value.

5
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