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III
CONCLUSIONS

Arn analysis of all the investigations-carried out at the Testing
and Research Station, metallurgical examinations made by the
lepartment of Mining amd Metalluraglical Engineering of the
University of Queensland and electron microscopic studies at the
flueensland Institute of Technology sugqest +that an intense
explosion occurred in the flame safety lamp which was recovered
after the Moura explosion. '

The intensity of the explosion in the lamp’ was sufficient to heat
the gqauzes in the lamp to a3 temperature of approximately 900 C.
lluring t(he couse of investigations it was demonstrated that the
average temperature of the outer gauze. far an explosion was . .not
less tham Lthe value shown helow:

L2515 C methane/coal dust explosion

472 . methane explosion

# temperature of 900 C needs to be maintained for 2 very short

time to cause an ignition of any of the explosions referred to

above. This time period is of the order of fractions of seconds
or less. ' : oot

The deposition .pattern of dust particles fused to the inner and
puter surfaces of the-lamp glass and bonnet indicates that the

lamp would need to be at the ignition point of the explosion.

Tt is suggested that a fall of around in the goaf caused =2
methane/coal dust atmosphere which at the position of the flame
safety lamp was above the lower explosive limit for such
atmosphere. Methane and coal dust entered the lamp which was
alight prior to the explosion and caused an intense explosion
inside the lamp. This explosion occurred over a sufficient
period of time to cause heating of both inner and outer gauzes to
approximately 900 C. The atmosphere surrounding the lamp was
5till explosive amd the lamp gauzes provided the ignition source
for an external explosion in the mine roadways. ‘



IV

It is likely that there was a potentially explosive clowd of
airborne dust with methane between the coal face and the lamp at
Lhe time of isgnition. Under such conditions an explosion would
have proceeded rapidly towards the g9oaf and along the edqe of the
qoaf area wherever there was a potbntially explosive mixture of
methane and coal dust. Outbye of the lamp the explosion could
have started as 3 methane/coal dust explosion ard as it moved
outbye changed to 3 coal dust explosion the progress of which was
ultimately arrested by the barrier.
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SUMMARY -

This is 2 report of a fairly compréhensive investigation into the
behaviour of a flame safety lamp in various methane/coal dust
atmospheres which might occur under some circumstances in an
undergrourd coal mine. : o

The investigatiorm was carried out by staff of the Testing and
kesearch Statiorm at Redbank. Iuring various phases of the
investigation all the staff at the Station were involved.
Specialised assistance was also provided by staff and equipment
at the Department of Mimimg and Metallurqical Engineering of the
University of Queensland and the Queensland Institute of
Techrnolony. )

Tne followirng table shows significant temperatures relating to

the flame safety lamp and methane or coal dust explosions.

SIGNIFICANT TEMPERALTURES

Temperature C Comment
2 200 Coal Dust Explosion in Lab (USEM Tests)
2 000 Estimated Temperature in Flameuﬁémp‘Tests
1 000- 900 Moura Gauzes Heated to this Temperature

fichieved Turing Tests in Explosion Chamber

960 Makimum Inner Seam Temperature Recorded

B20 Flame Temperature of Safety Lamp

628 Max Temp Inner Gauze Seam Methane app 3%

370 Metharme Re ignited by Hot Gausze Rench Test
472 Methane Explosion by Heated fGauze in Chamber
434 Max Temp Inner Gauze Top Methane at app 5%
251 | ' Ignition Temp Methane/Coal Dust Cloud

130 Max Temp Outer Gauze Top Normal Air

105 Max Teap Inner Glass 4cm Flame Height

f
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INTRODUCT ION

The flame safety lamp has heen in use in underground coal mines
since its invention in 1815. Designed as £a safe means of
providing illumination in a firedamp atmosphere. it has also found
use as 2 reliable means of detecting the presence of methane in
mine atmospheres.

filthouah coal mine explosions have been attributed to the flame
safety lamp these have wusually occurred when it has been
subsequently demonstrated that an essential part of te lamp was
cdamaged, faulty or had inadvertently been omitted during assembly
of the lamp.

Some observations made during the examinétion of the flame safety
lLamp from Moura No. 4 mine sugqested that 3 detailed examination
of the behaviour of the flame safety lamp should be carried out.
. {
This report is divided into the following sections.
I - Examination and dismantling of lamp.
II =~ Explosion Chanber Tests
IIT - Flame Lamp Tests
IV ~ Miscellaneous Tests L
v - Instrument Calibration

UI - Analysis of Resultis

VII - Appendices
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1.1
SECTION 1
EXAMINATION AND DISMANTLING OF LAMPF
Imitial Examination v .
The flame safety lamp from Moura Nb. 4 mine was examined and
disassembled on 1986 at Redbank Station in the presence of

F. Golledqe Director s
1

T.53. Hislop Semnior Inspector Electrical Testing
~ALG. Evans Germiar Inspector of Coal Mines, Ipswich
5. Bell Senior Chemist

As received the lamp was very dirty externally with loose dust or
snot inside the lamp. The upper part of the metal bonnet and
part of the metal base near the locking ring had been distorted
by the lamp either hittirg another object, or having been hit by
some othe ybhject which would have heern travelling at some
velocity. The distorted base had been subject to some heating
simce the metzl had been discoloured.

" The outer'surface of the g9lass cylinder and the outer surface of

the hornet had beern coated by a f£ilm of dust which had ‘fused’ to
the metal or g9lass. A similar observation was made about the
inner surface of the 9lass and the inner surface of the bonnet.

The glass was not cracked and the top and bottom faces-were
parallel within the tolerance limits permitted by the
marnufacturer. There was no evidence of distortion of the glass
by heat. The sealing washers at. the top and bottom of the 9lass
cylinder were in position and sealing properly 29ainst the glass.
The lamp was closed properly and locked. There was no lamp oil
left in the reservoir.

There was approximately 5 qm of soot particles inside the lamp.

Thellamp handle had been stretched beyond its normal curved
position.

ivamination of Gauzes

fhe inner and outer gauzes showed no sign of physical damage
although closer examination subsequently showed some evidence ofy
‘eyposure- to heat. There appearaed o _be clearence _betwean they
inner and, outer gauzes when they were assembled in the lamp but
when. the gauzes were checked outside: the lamp it ‘was posiible to
rotate the gauzes to.a position where the 'gauzes were in contact.



1.2

fissociate Professor I.Smith of the Department of Mining and
Metallurgical Engineering of the University of Queensland was
requested to metallurgically examine both 9auzes from the lamp
and to compare them with a set of wunused gauzes. He was asked to
investigate temperature effects which are icluded in the Uniquest
report in Appendix 2. '

Examination of Bonnet

Samples of the particle deposit on both the inner and outer
surface of the bonmet were takern amd examined ky Mr. P. Lynch
using the electrom microscope at the Queernsland Institute of
Technology. Electron micrographs and comments by Mr. Lynch are
contained in a Memorarndum to the Chief Engineer in Apperwdix 3.

{irn cleaning a strip of the outer surface of' the bonnet to enpose
the metal surface a visual examination was made for any
discolouration of the metal by heat. No discolouration was
ohserved,

Digscussion

Fvidence from e2lectron microscopic examination of the particle
deposit on both inmer and outer surfaces of the safety lamp shows
guite clearly that the particles have been subject to heating
consistent with 2 coal dust explosion. Hertsberg et al (1) in a
U.S. Bureauy of Mines publication shows 3 series of electron
micrographs of coal particles after an explosion in-a closed
chamber. The characteristic blowhole appearence of the particles
is similar to those obtained during our investigations. Lightman
arnd Streaet (2) have shown that particles heated above 1300 C were
nigly devolatilized. :

Mote: Names and numbers in parenthesis ( ) refer to referernces at
end of this report



SECTION II
EXFLOSION CHAHBER TESTINA

Test 1 - Construect and Check Perfdrmance of Small Scale Explosion

Chamber.
Investiqgators: We Urbanik Mining Engineer.. .
V. DOsborne Minimg Engineer (Part of Time)
J. EBrough Testing COfficer
P. Golledge Iirector (Supervisor)

Test Method 1

A small scale explosion chamber was constructed in the Station
Workshop. The chamber consists of three 1 metres long section,
each of cross sectional area 400mm by 400mm. The Sections have
flanges at each end which permit joining and interchanging of
sections as required. The aeneral layout of the explosion chamber
is shown in Fig 2.1. Imitial experiments were carried out with
Section 1 on its own withoul either the varne mixer or the dust
injector. During this series of experiments gas was introduced by
means of balloons which were inflated from a storage gas bottle
via a calibrated flow meter. The balloon was burst by means of an
electric heating element in contact with the lower surface of tha
halloorn. Another electric heating element in the top of the
chamber was used to ignite the g9as mixture. Propane g9as was used-
for.the inmitial series of experiments. Dust was placed on the
upper surface of the balloon and dlspersed into the air when the
thalloon burst.

Hodifications were made to the first Section with the fabrication
by the Workshop at the Station of two 1 metre long vanes fastened
to the floor of the chamber and running freely in sealed bearings
at the ends. An external electric motor powered the vames throush
two vee belts which rotated the vanes in the same direction. A
dust injector was also added to the roof of the chamber which was
desigqned in such a3 way as to disperse the dust inm a radial
direction above the vanes when the mixer was turned on. A
variable speed motor allowed the time time and quantity of dust
injected to be varied at will. The combined vane mixer and dust
injector proved to be an efficient way of maintaining a dust
cloud in the first Section and of mixing coal dust, methan and
air in varying proportions as required.

A3
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Section 2 of the chamber contains two open sections on each side
of the metal duct. Dependirng on the type of test, these open
‘sections were covered with aluminium foil, translucent plastic or
tramsparent plastic film as required. The edges of the plastic
 film were sealed with masking or other sealing tape as required.

" Section 3 contzins a polycarbonate observation window which
allows progress of the flame to be monitored with the aid of the
video camera.

To retain the gas, dust and 2ir while mixing takes place =
plastic or aluminium foil membrame is attached to the appropriate
section flange as required by the test.

lins is introduced in Section 1 through a fldsh back preventer
attached Lo the gas inlet in the wall of the duct.
i

" for later experiments the explosion chamber was further modified
a5 shown in Fig 2.2. A length of flexible duct was added to the
chamber and the atmosphere withih the chamber circulated by means
ot 2an electrically powered axial flow fan. During such
"experiments the safety lamp was placed in Section 2 opposite an
open section in the wall of the duect. Thermocouple prokes were
“attached to various parts of the lamp and the electirical
“wonnecting wires brought out through the opening and cornnected to
the appropriate instrument. The opening was sealed with
tranparent plastic to permit observation of the flame and the

. gauze by means of the video camera. The telephoto lens of the
‘yideo camera was focussed prior to each test on the flame eof the
clamp. The lamp position was varied between vertical and 43
degrees. The bormnet of the lamp was removed for some tests to
allow direct observation of the gauze. The air velocity was
‘controlled by a3 butterfly valve and varied hetween O and the
"mawimum permitted by the equipment of 2.9 m/s.
i
- Cpal from Mouras No 4 minme was used inm all coal dust explosion
L tests. The. coal was crushed and sieved to produce a size
,fraction less tham 75 micron diameter. Some experiments were also
;, carried out with the size fraction below 39 micron diameter and:

3ﬁelow_20“micron.diameter. It was cosidered that the smallest size

L fractiom may more faithfully represent the ‘float dust¥ produced
!by'conveYiﬁaganquthe:jopgrations-in the mine.
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i

. To test the hehaviour of the chamber some 61 explosion of propane
. or propane and coal dust were made between 26 November and 10

lecember, 1986. During these tests propane concentrations varied

Cbetween 2 and 8% with coal dust coqcentrations between 50 and 700

gm per cubic metre.

. I'he strenqgth of the explosion was crudely estimated hy the noise

produced hy Lthe explosion and the observed length-of the flame.

“With propane only the strenth of the explosion was observed to be
“low 3t the lower explosive limit, to increase as the propane
Cconcentration inereased and to decrease above the most explosive

concentration. A very sirong explosion occurred with 2 coal dust
concentration of S0 gm per cubic metre and 4.2% propane
concentration. -



2.6 ‘
Particle Neposition During Coal Dust Explosions

Test Method

A number of objects were placed in No 3 section of the explosion
chamber where they were exposed t0 a flame front estimated to be
moving at a velocity between 20 and 40 m/s. '

fust concentrations were increased up a maximum of, 10009/m3
fddditional dust was placed on longituding and transverse shelves
to add to the airkorrne dust load. Metharne and propane
concentrations were varied up to the concentration known to
produece the strongest explosion.

Test Kesults _

It was observed in all cases that there was always 3 preferential
deposition of dust on the surface of the object. Dust build up
was always greatest on the surface of the object facing the
explosion with little or‘rno dust on the leeward side. With wvery
heavy dust concentrations the pattern observed produced a sharp
eédge facing the euplosion. :

Im our tests it was not posible to produce any deposit of dust CL..a‘~&£
which was uniform around the surface rim¥ror was it possible %o bnat 27

‘fuse’ dust to the surface of either the g9lass or bonnet of the
lamp.¥



-Bafety Lamp Explosion Tests

. Tegst Method 1 ,

The safety lamp Wwith bonnet wasg instrumented with thermocouples
wach of which was connected to a FUUKE thermocouple amnd a YEU
“multichannel recorder. The lamp was placed approsximately 0.8m
away from the diaphragm end of the explosion chamber. Several
tegsts were carried out with a number of methane/coal dust
concentrations.

Each test was also recorded by a video camera focussed'in close
up or the flame of the lamp.

" In another test a piece of tissue paper was placed on top of the
irmer and outer gauze of the assembled lamp and the lamp place
din the explosion chamber and exposed to theé intensity of =a
- methane/coal dust explosion.
{

Test KResults

The lamp was exposed to an intense flame estimated to be 2000 C
for a3 time of approximately 1 second as measured by analysis of
the video tape during playbkack in slow motion.

. The temperature measured by the thermocoupled probes was 100 C
“or less perhaps due to the relatively slow response of the probes
- compard with the rapid temperature use during a methane/coal dust

T amnplosion.

"Huring the tissue paper test the paper on the surface of the
outer gauge uzs slightly charred estimated to ke 350 C or less.

" There was no evidence of any change in the colouyr of either the
-tinner or the outer gause.

. In one test there was some discolouration of the bonnet after
. gxposure Lo the flame but no obvious discolouration of either
BAUTE . :

"It was not possible to produce a ‘fused’ particle dust film on
{ @either the drmer or puter surfaces:of the safety lamp.

" Tast Method 2

[T:The flame safety lamp was instrumented with thermocouple probes

4 and placed in Section 2 of the chamber with the duct connected so
4 that there was complete circulation of the air current past the

“ lamp. The lamp was sealed into the duct and methane injected into
. the lamp and the concentration of methane .gradually-raised to the

" point of extinction of the lamp flame. The temperature at various

S eritieal points in the lamp was monitore while the gas

C concentratior was imcreasing. The temperatures shown in Table 2.2
below represaent 90%Z of the maximum value recorded on the graph a
sample of which' is shown in Fig 2.3.

.
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MONITORING FLAME SAFETY LAMP
! IN EXPLOSION CHAMBER

Bonnet {(when used)

Bonnet\(w& used)

e 4“‘ I
 a—H

N

S

Positions Monitor‘_ec_i_._

A Inner gauze seam F Inside edge lamp glass

B Inner gauze top G Space above outer gauze

C Quter gauze seam » H Duct air temp.

D Outer gauze top I Ambient temp. outside duct
E Flame "



2.8

Table 2.2

h; Temperature Measurements im Parts of Lamp

X (methane\only) ’

CH4 Air Vel Temperature C and Muration of Heat (secs)

A m/ Inner Seam Inmer Gauze Duter Seam Outer Gause
fauze Top Gauze .- Top

S 5.4 (i 628 C(9s) 434 C(47s) 86 C(110s) 184 C(80s)

;S"4 1 435 C(326s) 391 C(486s) 70 C(l46s) 116 C(240s)

L4 1 406 C(36s) 356 C(39s) 92 C(129s) 94 C(9s)

Table 2.3

¢
fg Temperature Messurements im Parts of Lamp
. : (propane_ and coal dust).

Air Vel Temperature C and Duration of Heat (secs)

AE Inner Seam Inner Nauge Outer Seam Outer Gauze
fauzme ~Top iauze Top

w4 960 C(65s) 616.C(42s5) .364 C(30s) 200 C(35s)°
23 micron 80% < 7% micron -
i 304 C(17s) 212 C(30s) 76 C(93s) 120 C(1808)
2 micron
I ) 232 €(143s) 214 C(205s) 6O e(l6ds) 63 C(120s)

75 micron

.



flame Effects on Objects

{egt Method

jections of the chamber were covered with polyethylerne sheet to
nbserve the passage of the flame during a 39as or .gas/coal dust
2uplosion. &Small pieces of thin cardhboard and barlsa wood were
2160 placed in the centre of the flame. Fieces of polypropylene
rope were algo suspended with the end of the rope~at the centre
ot o the flame.

Tast Results

ne flame estimated to he at a3 temperature of 2000 C was of
insufficient duration to cause . ore than slight charring to the
Cthin strips of balsa or the pieces of cardboard. There was some
evidence of fusing of the individual fibres in the polypropylene
ccupe but it was necessary to expose the rope to three explosions
hefore Lhe stiffriess was similar to that observed in samples from
< btive Moursz No. 4 mine. ‘

. The polythene covering on the chamber shrunk on exposure to flame
Bt was uwsed wsually for 3 explosions before it was mecessary to
replace it.

.
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2.10

lliscussioin

It was possible to produce methamne of propane coal dust
@xplosions over a3 broad range. Intense flames were observed
during these explosions the temperature of which was estimated to
e 2000 C. Laker et 23l(3) guote 2 temperature of 1960 C for a
wethane explosion and 1980 C for 2 propane explosion. Hetzberg et
21 measured the maximum temperature of a coal dust explosion as
127 C. “.

There are many factors which influence the initiation and
propagation of a coal dust explosion. An additional desree of
complexity is introduced when the explosion is the result of
wethane as well as coal dust. It is not possible to accurately
scale all these factors. Indeed there is now evidenmce that the
progress of an explosion in a3 large explosion gallery is
sigqnificantly different from that of a small gallery.

It is believed that the tewperatures achieved in the explasion
chamber testing at the Station would be not less tham those
experienced during the actual explosion at Moura. It is probable
that the duration of flame would have been lornger at the mine.

1
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3.1
SECTION III

FLAME LAMP TESTS

Test 1 Measure Lamp Flamb'Temperature in Normal Air

Investigators K.Harris Instrument Technician
W.lrbanik Minirng Erngineer
V.0sbhorne Mining Engineer
P.Golledye Directer(Supervisor)

Teet Method 1

A tharmocouple was placed at a position in the flame of the
lamp to record the maximum temperature of the flame. The flame
heiont wag adjusted to thalt normally used in a mine other than
when being used to measure the methane concentration. The
tihermocouple was connected to a FLUKE therwmocouple module
wnich inm turn was connected to a FLUKE meter calibrated to
give 3 digital temperature reading. Temperature readings taken
at 10 second intervals gave an average temperature of 820 C
with a standard deviation of 14.6 C.

Test Resultls
Ine test results are given in Table 3.1 belouw:

Tatle 3.1

Safety Lamp EFlame Temperature Measurements

Time (Sec) Temp ¢ C)
10 sec 794
20 .. 819
30 .. 820
40 .. 824
50 .. 820
60 .. B30
70 .. 833
80 .. 829
90 .. 830

100 .. 838
110 - 799
120 - a01
L30 .- B0
1a0 .. 341
150 - 836
160 .. 829
170 .. 828
180 .. 812
190 .. 799
200 .- 812

210 .. 834

A )



3.2

The 1lame lamp was instrumented with thermocouples to
monitor the outside gauze temperature and lamp 9lass
temperature with the lamp flame height varied between 0.23 and
4 em. With the bonnet on the lamp and the lamp in the vertical
position the results shown'in Table 3.2 below were obtained:

Table 3.3

Safety Lamp Gauze and Glass Temberature
(ambient temp 30 - 34 C, normal atmosphere)
(air vel 2.2 m/¢)

Flame Heinaht Temperature(Clof
om Outer Gauze Glass Inside

0,25 36 : 31 _ ?

N . 47 33 Q,}’WWL

«}

1.0 62 36
[ 88 43
2.0 90 48
2.5 115 88
4.0 130 9%

S 105 ]

4.0 130 105

.



3.3
Test 2 Re-ignition of Methamne by Heated Gauze
Investiqgators K.Harris Instrument Technician
W.lrbanik Mining Engineer
V.0sborne Mining Engineer
J.Brough Testing Officer

F.Golledqe Director(Supervisor)

Test Method 2

The inner and outer gauzes were placed om 3 tripod as in Fiqg
d.1 and heated from below by means of a3 methane bunsen burner
flames. When the g9auzes reached approximately 650 C the
methane 9as supply Lo the bwrner was turned off and or again.
This caused the flame in the bunsen burner to go owut. The
flame was then re~igqnited by the heat in the agauzes.
Temperatures were monitored by means of thermocouples placed
al suilable points and comnected to the recorders by the
module units. All thermocouples, modules armd recorders had
heern calibrated.

After the first three experiments of this type the
thnermocouple on the flame of the bunsen hurner (green) was
cnanme to the inside top of the inner gqause.

Test Results

The first three experiments show evidence of the flame passing
through the gauzes. In each experiment re-ignition occurred
reqularly and the point of fimal cut off of gas is noted by a
sharp fall off in flame temperature.

Irn the fourtnh experiment, where the thermocouple was attached
Lo the immer gauze, as shown in Fig 3.2 anmd connected to the
racorder. Re ignition occurred initially from a hot spol on
the wsurface of the inrer g9auze. When heating of the inner
gauzZe was continued the outer gauze rose in temperature and at
one stage there was a fall in the temperature of the inner
gauze. Therm the outer gauze hecame the source of re-ignition.
A typsical graph obtained from these tests is shown in Fig 3.3.

Q.

bope G55
Plott,
/
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Fig 3.1

MONITORING LAMP GAUZE TEMPERATURE

' (OUTER GAUZE)

TC = Thermocouple
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TC3 Flame




Fig 3.2
MONITORING LAMP GAUZE TEMPERATURE
(INNER GAUZE)
TC = Thermocouple
Top Outer
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T
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3.7

Test 3 letermine Temperature at Which Flame Fasses throwugh
Heated Lamp Gauze.

Investinatars - V. Urbanik . Mining Ergineer
- V. Osborne ' Mining Engineer
- K. Harris Instrument Techmnician
- J. Brough Testing Officer

- P. Golledqe Director (Supervisor)

Test Metho: 3

The inner and outer gauze were heated in a3 Carbolite Muffle
Oven, to 3 selt temperature. The gauses were then quickly
removed and placed on 3 tripod stand under which was 3 bunsen
burner. Thermocouples, pre-set into pesition monitored the
temperature of the gauzes and the surrounding air. The burner
was supplied with methane 9as and lighted. As the temperature
of the 9auzes rose Jue to the burner flame a3 point was reached
where the flame passed‘througqh btoth gauzes to the outside
atmosphere. This point was noted on the qraphs.

The tests were set up as shown previosly in Fig 3.1 The four
thermocouples were placed as shown and connected to the
recorder in the order shown.

The thermocouples were connected to the recorder via four
previously calibratedFluke 80TK thermocouple modules.

Test Kkesults

The test results are in the form of qgqraphs produced on 3 YEW
3655 Analysing Recorder. The graphs show that at about
500-600 C the flame passed through the gauzes to the outside
atmosphere. An example of the graphical outpit obtairmed is
shown in Fig 3.4.
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4.1

MISCELLANEOUS TESTS

Inviestigators ~ Ku.Harris Instrument Technician
- eRowan Laboratory Technician
F.Golledqe llirector(Supervisor)

Test 1 lletermine Effect df Heat on Gauze/Colour

Tests were conducted on:
Stainless Steel (Gauge o
Stainless Steel Strip Lok
Miners Safety Lamp fGauze T

Fquipment Used

Carbolite LMF Muffle oven.

fimaloque leviceg digitial Temp Meter.
Fluke BOTK TC Module & B024B D.M.M.
Kaye K140-4 Ice Foint Reference.
Promac Calibrator.

~Equipment specifications and the method of calibration are
detailed inm Section V of this report.

Test Samples
Three types of test samples were used

Sample A Stainless Steel Gauze
Sample Size 5S0mm ¢ 100mm
Wire Sise
Gauze Size

Sample B Stainless Steel Strip
Gmm o 100mm ¢ lmm

Sample C Safety Lamp Gauze

Sample S5ize 35mm ¢ 110mm

‘Wire Size 0.32 mm

Gauze Size 0.530mm
Each Sample was cleaned in a light solution of HNO3 and
#llowed to air dry before beimng placed in the oven.



Test Methods

The temperature measuring equ1pment was calibrated as
outlined in Section V.

A triangqular support was placed in the Carholite Muffle to
support the test pieces clear of oven floor zs in Fig 4.1.

The tnermocouple probes for the two temperature meters wused
were placed under the support and spaced apart so that their
‘contact point with the gauze was equidistant from each end of
the sample. :

Wner the strip of stainless steel was placed in the oven it
was put on the support so that it wowld ke touchirmg, or as
rlose as possible to the thermocouple tips. '

fi small bucket éf water was kept close to the overn so that )
when the samples were removed from the oven they could be ‘ #
guickly quenched. )

It was determined that the samples should be hesated in S0 C
sLeps beqlnnlnq with 100 C. '

I'ne oven controller was advanced inm small irncrements to avoid
pvershooting the desired temperature., As the oven approached
the desired temperature the controller was backed off and the
temperature maintained with + 1 € of the reading by opening
and closing the furmace door inm small amounts. Whern the
tLemperature rose more tham 1 C above the . .desired value the
door would be . opened until it fell 1 €C helow the desired
value.

The sample was then quickly placed in the oven on the
Lriangular stand so that the thermocouples touched or were as
neasr to the sample as possihble.

Each sample was held in the oven at the desired temperature
for 2 minutes. After this time it was quickly removed and
guenched inm 2 small conta1ner of cool water which was placed
next to the oven.

The sample was then allowed to air dry then it was labelled
Wwith anm identification letter and the temperature at which it
was removed from the oven.

This procedure was repeated for each sample type.

ot
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- Fig. 4.1
POSITION OF THERMOCOUPLE ON GAUZE TEST STRIP

L Thermocouples

Test Sample

s}
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REGULTS

A table of the samples with corrected temperature reading is
supplied in Table 4.1 below.

Table 4.1

hause Samples and Temperatures

Sample BOTK/AI2051 Actual TempdC C)
a | 402 401 | 400 |
i 451 449 449

c 497 491 . ‘ 492

I 555 546 548

I 605 595 | 596

P 660 650 650

3 705 696 696

H 760 751 750

I 809 800 800

1 828 821 822

K 861 850 850

L. 905 896 896

i 55 950 950

N 1007 997 | 99g

0 | 1001 991 - N 991

P 1003 994 , 994

0 1055 1050 1050

K 1106 1104 1104

3 ‘ 1153 1150 1150

T 1193 1212 ' 1210

® .



4.5

Test 2 Measure Adherence of Coal Farticles on Glass of
Flame Safety Lamp With Runsen HBurner Flame.
i

Investigators ~ C. Rowan Laboratory Technician
- K. Harris Ingtrument Techrician
- J. Brough Testing Officer
- F. Lynch Chemist

- §. Fell Senior Chemist (Supervisor)

Test Method 2
The lamp 9lass was heated in 2 Carbolite Muffle Oven to a set
“temperature and then quickly removed and placed on its side 2cm
helow 3 bunsen burner flame. Coal dust from Moura mine (less
tham 75 micron diameter) was sprinmkled through the flame on to
the surface of the hot gqlass

-l
Test Resultls
The results are outlined in Table 4.2 below:

Tahle 4.2

filass Temperature and Particle Adherence

Gla%s Temperature ( C) v Adherence
Py 80 il
2175 nil
370 \ Conil
506 mil
680X _ partial adherence

A The deformation temperature of horosilicate glass is guoted
im the literature (3) as approximately 6350 C.

On fhe bhasis of 9ravitatiohal force hot coal particles do not
start adhering to the glass until the temperature of the glass
surface is near to the deformation temperature of the glass.
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4.6

Test 3 Measure Kate of Transfer of Hest Across Wall of
Lamp Glass. .

Investigators - fAs above.

Test Method 3

The lamp glass was heated with a bunsern burner flame on its
outer surface 23t 3 temperature of 1150 C. The temperature of
the inside wall of the g9lass was measured by a thermocouple in
contact with the surface and connected to an instrument
adjusted to give a digqital temperature measurement. - Time was
measured with a digital stopwatch.

Test Results
The results are given in Takle 4.3 helow:

Table 4.3

Heat Movement Through LaMp Glass

External Flame B Inside Glass Time to Reach
Temperature : Temperature Kecorded
- C Temp (sec)
1150 270 - 28.8
1150 450 . 50.4 :
‘A relatively long period of time is neessary for the inside “&v**J A
surface of the glass to attaim a temperature where explosion 1o Ob*“’ﬂ o~
particles would adhere to the inside surface of the glass. This ;2 F 3
is particularly so if the heat source is extermal to the flame . E
safety lamp. . . $ﬂ~n Qe
» ’ Zx ploo—mwin~r

S el o daam
anhany podl



(L3

4.7

Test 4 Measure Adherence of Particles omn Glass of Flame
Safety Lamp with Oxy Acetylerne Flame.

Investigators - As above. .
Test Method 4 _ ,
Tests were carried out using an oxy-acetylene flame as the heat
source., Ine flame was passed lcm above 3 lamp g93alss a2t room
temperature and at %the same height above a3 gqlass at 500 C.
Less than 75 micron coal was sieved through the flame and the
temperature of the glass was noted.

The results are qiven in Table 4.4 helow:
Table 4.4

Particle Adherence in Osy Acetylene Flame

‘

Qutside Glass Temperature C Adherence
200 ‘ B : nil-
480 nil

The imner and outer surfaces of the 9lass were coated with coal
dust ( 73 miecron) and an oxy—acetylene flame (approx 2 000 C)
was passed over the glass several times. This procedure proved
to be unsuccessful due to extreme heat provided by the :
oxy—acetylene flame. In all cases the g9lass criacked before any
cogent measurements could be made.



4.4

Heasure Temperature for Explosion in Chamber for

Electrically Heated fauze.:

Test o

|
Test Methaod 5 . :
Section 1 of the chamber was modified by the inclusion of two
nigh cucrrent terminals in the roof of the chamber.

The outer lamp gausze was accurately cut in 2 spiral with the
assistance of the lathe and high speed abrasive disc. High v
current connections were made to the top of the gauze and the

lower metal rimng. A cermic core was used to support the spiral
metal strip.

Thermocouple probes were attached to the position
4.2 and connected to recorders. High current was
Lhrough a variac which was connected to a welding

shown in Fiqg
supplied
transformer.
Methame was injected to the desired percentage by
varme mixer Lturned on 3 weighed amount of
reguired. VYoltage was gradually
Lemperzsture of the gauge.

volume, the
dust injected as

increased to increase the

&

The test wis repéated for varous combinations of methane and coal

dJust o

Test Results

The results of 13
averleat. The results of Lthe tests are shown i Fig 4.3 and
Lypical araphs in Fig 4.4 to Fig 4011, '

Table 4.3

fiaume Temperatures for Methane/Coal Dust Explosion Probe

Prokbe Localion

T8 = Top Hean Coal Dust 100% < 7% micron diameter
56 =  Side of Gause :

kG - Kear of Gauge

RS - Eottom Seam

CH4 {zoal Dust Temperature (c) at Ave Temp
y4 5/m3 15 S RS R

7.0 9 442 460 327 659 472
7.8 _ 0 “l4 675 639 869 749 ;.

3.4 0 790 H62 437 775 631
5.2 150 a0 273 164 334 270
4.2 1350 , 273 239 161 313 25

explosion tests are shown in Table 4.4 and 4.5

C)H



obe  Location
- Top Sean

Dauyze

4.9

Table 4.4

Nauze Temperatures for Metharme Coal Dust Explosion

Coal Dust 100% < 7

i

micron diameter

-  Right Hand Side Gauge

5 = Botbtom of Seam

1

¥

15

LH - Left Manmd Side
J

Coal st
me/ m3

100
100
100
200
200

Temperature (C) at Ave Temp (L)
T5 - LH . RH BS

701 828 831 508 736
721 775 B10 . 496 700
791 830 870 " o961 753
721 8l1 876 482 723
G206 8035 847 @ 484 ' 690

# No ignition of methane/cosl dust cloud

ihe results are very preliminary. Many more tests would be needed

Lo estanlish

ignition

temparature

for

the statisticsl significance and confidence of the

methane/coal dust concentrations.
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Fig 4.2
IGNITION BY ELECTRICALLY HEATED GAUZE
IN EXPLOSION CHAMBER

st Power Terminals

us : o Gas Sampling
—

‘1 Injector é é ~ % Point

T T,
= ¢ :
o 14 Nembrane
i

Hixing Vane

1
!
0
|

Wethane Inlet

Methane Inlet

Wm ElEth‘iCél Connection
A
;;I
:\\\ 1z} Top Seam
!
i
. ! >‘
Side of Bauze —= [0 4 -] L
4 _____
r;\\\\\\*\\‘\ \\\\\ }-- — — Rear Gauze
I
, ] o
N
Spiral Cut In Z lq-]——— Ceramic Support Core
bauze : r;\\\‘\“\““~ l
pa ' B |
| . |
R A B |
:, - =179 Zy—|——— Battom Seam
- Electrical -
“Connection

Section Of Gauze
Cut in Sprial



% eueylopN

0 6 &, Y 3§ 7 I ]

L [an} L
TES B/ 24t

T UOTsOTdxI \“W

sus U3 al

ucT3TUBT ON

007

00¢ wos B
€
UOTSOTd=x= e - suaon
SENC- Teol /suBU3Ian ssno
- Teod
reznNeg Jo
paunsealw asadunijedeadwus] abeda AV o%
03 wejgod STOqWAS sAO0ge sdegunN

O GLNO D700 NG TEn
lﬂlm_ﬂ;_ <PLD,.\/ Sy I NG



P

Cit.

B
™
o]

THETTALTZE
SELF TEST

MODEL 3654 LIST
MODE = MEMORY
SAMPLE RATE 3 100.00 ms
LI T T S E R ANGE LI ]
INPLIT RANGE ’
1E M K
. TEMP K
TEMP K
[EMEP K
R ON SET TRIUGGER L
TRIGGER LEVEL : 0X
TRIGGER SOURCE 2 A
TRIGGER St.OPE : POS
PRE TRIGBER H (054
/ SOMPLE CLUCK H INT
RUFFER MEMURY H 6000
AVERAGING H OFF
L SET PRUOGRHAM LI
PRUGRAM ¢ UN
UNIT
C
C
'C
'C
= 0,000 W = 0.000 1 = 0.000
=o.000 M = 0.000 N = 0.000
0.000 R = 0.000 S = 0.000
S ET DrsePLAY FORMABT
DISFLAY MODE STMGLE
! Y1
2 Y2
3 Y3
A Y4
oMo oX on 0 v E-R [V G 4 LI
HO L UF CHANNELS i
BUFFER MEMORY : 32000
[ETaE B¢} H YES
DATA MEMORY MODULE YES
APPLTCATION MODULE = FFT MODULE
LI S ET M I SC * o oA
DATE = 8)/02/16
TIMF = N9:34
ALAIRM BEFP & ON

L]

OO OO0

FILTER
.80z
.50z
175Hz
1.5H2

N

»

LOwW HIGH
000 1200
.000. 1200
.000 | 1200
.000 1200

J = 0.000

0 = 0.000

T = 0.000
Y

¢ 3659-20 O



) e - Wr3s dol -}
sl SR
_ h ) _ _ . 2000
T 0000
0000
000°0
co_mo“L.xm
o
W) %L
J.00¢CH
J. 00¢!
3. 00¢!
J. 0021
SW 000013 TdRYS le:tGlL EL/C0/L8
eler 9/ S$ 8101 0W

| - | | |



5 b1

°

FQ/S - ¢ WYIS doL - T
SgtLbt S50 £° L6
././ | 5
/ /
IR -
T € / \\\\\\
: L/(\\N
i [ Y
Vomg _c.m m,_a_u»w,. 4.4 _u._h_
suw oo,OOFHMszaM LEISL €1/20/L8
€/t 9 ,'S91010WN
T T L B
b

¢ LoS
000°0
00070
000" 0

S £7199

J. ¢ it
J. 00!
J. 0021
J. 0021



7]
]

o
o
0

XY - P wyzs log - 7

Fas -~ & WYES J - T

co_molxm .
:IU o\o &L |
su 00'001:31dWHS  ZG5:i60 91/20/L8
42 9 /sd101 0W
8/ 2/90

vlel

L
94 by |

ﬁo.o
000" 0
000" 0
000°0

3. 00¢C1
J. 00¢Ct
3. 0021
3. 00214



yrIX -~ 7

, WY2S H0g - 7
T Fans - &g WIS cau -
- sLTIEL Srek! T
cTgc/
000'0
000°*0C
0000
.
..//
//

ixa ]
/
[/
%9 -

pabkviug }a_.o,w §.¥ m._n_,

[9}]

(S R S
OO Oouw
OOoO

N NN LD
— = =

suw 00°"001:31dKWYS 2G:60 m—\NO\hw‘
v/el 5 /S d 1010 MNW

, | LM m.i ,_ (2/2/9)
D | | 2/ 2
A



23T - 7 WIS 10g - 7
Ia/s - € AP ES QL - F
S0008 h 0t 0
: . _ i . ‘ 000°C
, . 000°0
000°0
0000
co.aolxm
4snQq ) bogi
"H) % %S
3. 0021
J. 002t
3. 0021
J. 002 |

SW 0000l s31dWYS GE«l{ 8L/20/L8
oz 9/ S8I1010WNW



FEE -2 LyIS dal - ]

s{t Ly 6'%8 it Ll
| 8 14e
, , 000°0
I o /| 000°0
T . WWNHM - / \ 000°0

/< = ,// ﬂ\

4 &x\
— ltgee
¢ I f
Wmu\rc\ ,..m m_sn??.w m..: Em

3.8 16Y
3. 0021
3. 002 ¢
3. 0021

_ Sw 00 00l:31dWH8S GE:ll 91/20/.8
g/es 9 /7 Sd8d1010HNW



gV -7 Wv3s t1og -2

Zc/s - £ WIS 404 -
sn:008 0°0
X . ; ; . 0000
_ y 000°0
| /J /] 0000
. ¢ / / 000°"0C
. :
Vi
4ol pu % T N
sng 70y Soor
1 % IS -
J. 0024
3. 0021
3. 0021
3. 002t

SwW 00"0014:31dWHS bb=Cl 31/¢0/L8
44 9 /58101 0MWNW



12/7

M

(o]
(o]

<
(]
N

1206 °C

L

B NaTa i
"

Z-J

i

Fie L-?’.O Gfap‘ﬁ Enlcwqeq/

—
|
|

(e8]

[@N]

™).

OO
OO -
OO oOr
o a8 ()
(@l e en g}

[$2]

oINS



Sal
SECTION V

INSTRUMENT CALIFRATION
Investigators K.Harris Instrument Technician
i.Hislop Senior Inspector (Supervisor)

Equipment Used v
Iwo instruments were used for calibrating the other measuring and
“recording instruments used in many of the tests carried out at

Lhe Station.

They were the Kaye Kl140-4 Ice Point Referernce and the Promac [HT
P B20 Calibrator.

- The Kaye K140~3 Ice Point Reference was used as the 0 C referernce
proint for calibration purposes. '

- The Promac DHT BZ0 Calibrator was used to inject a varyimng range
of temperatures into the test equipment for calibration purposes.

;: “# separate calibration procedure was used for each type test and‘
L was suited to the rannge and type of tesltl equipment used. '

- Ypecifications of the Calibration and Test equipment is given at
. bihe end of this Secltion.

Conditioms for calibration

Temp ' 24.8 C .
Rel Humidity S2%

llew Point 14.7

YEW [igital Hygrometer
Temp 25.0 C
far Pressure 1008 mbar

Sude Franmblin
Standard Barometer



5.2
Test 1 Calibiration of YEW 3655 Récqrder for Temp Measurements

Four Flulka 80TK thermocouple modules were selected and rumbered
RB.C.I. These modules were then turned on and allowed to
stabilised for 1 hour. ‘

Each Module was then connected im turn to a thermocouple which
- was placed in the Kaye 140-4 Ice Point Referernce and the zero

adjustment on each module was set to give the best p0551h1e
reading at O C.

i Fluke 80240 I'MM was selected amd turred 6n, then %he 80TK

modules were in turn plugged into the V.DC. input sockets of the
nieter . : . .

Each BOTH module was then connected to the PROMAC INHTB20

Calibrator and injected with a2 range of temperatures.

Felow is a2 list of the test results.

-

BOTK Module

i Temp A R C I
E 0 C ~.84 0.79 0.85 : 0.73
; 300 C. 303.7 304.0 503.7 304.0
: 790 C 761.8 761.9 761.8 762.2
- 1000 C 1007.7 1007.7 1007.5 , 1008.1

After this procedure, the 80TK modules were then plugged into the
- YEW 3655 recorder with module A in channel A etc. . The recorder
was turned orm and allowed to stabilise for 1 hour. When the
parameters of Lhe test set up on the 3655 had heen proqrammed in

# test chart was Jdome by injecting 2 ramping tpmperature into the
recorders four charnel simultarneously. |

The ramp Step for each of the tests was 100 C starting at 0 C 2
top range of 1300 C. A chart of the Kecorder/80TK module
response is attached to this report as the result of this
calibration procedure.

nee this calibration was completed the B80TH modules remained im -

Lheir respectlve channel throughout all the tests involving the
YEW 3695 recorder.



9.3
Test 2 Calibration of HIOKI 8801 Hi Corder for Temp Measurements
The same procedure was carried out for calibrating the Hioki

recorder.  Four 80TK modules were gelected and calibrated using
the B024F IMM. PRelow is a3 list of these resultls.

Temp E E G H
9 C 0.72 ‘ 0.86 0.74 0.79
- 500 C 503. . 904.0 . 503.8 503.7
750 C 761.7 761.7 762.0 761.9
1000 C 1007.6 1007.7 1007.5 1008.0

(ince calibrated the modules were placed in the HIOKI 8801
Eecorders in the following order and remairmed in this position
throughout 211 tests involvimg the HIOKI 8801 recorder.

Channel Mark
1 E
2 r
3 G
4 H

’?,The recorder was turmned on and allowed 1 hour to stabilise. Thei

Fromac UHT 820 was programmed for a temperature ramp from 0 C to
1000 C in 100 C steps. This ramp was fed inmto all four charnels
of the recorder at the same time. @A chart of the recorder/80TK

module response is attached to this report as the result of these

b e e
tests.
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Test 3 Calibration of Arnalogue Devices & Fluke B8024E/80TK meters for
Temperature Measurements . :

© Conditions for Calibration

Temp. 25.2 C
Kel. Humidity 46.0%
llew Point 2.3

YEW Diqgital Hygrometer

Temp 25.3 C 25.3 C
Lar Pressure 101 0mbar
&.J. Franmklin

Stamdard Barometer

Each inmstrument was prepared with its.own thermocouple, which it
retained throughout the tests, and 3llowed 30 minutes to
sLabilise at room temperature.

- The Kaye K140-4 Ice Point Reference was turned on 24 hours hbefore
. the calibration took place. :

The FPROMAC Calibrator was turned on for one nour and allowed to
s«tabilise at room temperature. The required stabilising time is
60 seconds for all ranges to rated accuracies.

Eoth meter thermocouple probes were placed in the Kaye Ice Foint
Feference both alonmg with a standard capilary type thermometer.
The thermometers range was ~-40 C to +350 C.

After tenm minutes amd with the Ice Point stabilised, readings
were takern on the meters as below.

BOTK 001.3 C
AD2051 000.0 C

The B80THK Module was adjusted so that the meter read
+000.7 C. '

There was no adjustment of =ero 0 C setting done on the ANZ2051.

fnfter setting the ICE POINT on hoth meters they were in turn
cornnected to the PROMAC calibrator, and injected, via
thermocouple cable with temperatures ramging from 30 C to 1200 C.
The meters were fournd to be within specifications and the results

are listed in the Table below.

o




[
ot Wl

Table 9.1

Results‘of Calibration of Analogue Devices and FLUKE Meters
con - ) ,

fnaloque TNlevice FLUKE Meter
fnput Reading Input Reading
0 ‘ -001 - o 00.5
50 +.49 - 50 49.3

100 +098 100 99 .7
150 4149 150 : 150.0
200 +199 : 200 198.8
250 - +249 250 248
300 +299 - 300 298
350 +349 350 349
400 . +400 400 401
450 +499 450 452
500 _ +499 , 500 504
550 +549 55 556
600 +599 ' 600 608
650 - +649 : 650 660
700 +699 700 711
750 +749 750 762
800 +799 800 813
850 +849 : © 850 862
900 - +899 900 912
950 +949 950 960
000 +999 1 000 3 1 008
050 +1049 1 050 1 055
100 +1099 1 100 1 102
150 +1149 1 150 1 148

L 200 +1199 1 200 1 193

1250 : +1248/9 1 250 1 237
300 +EEE 1 300 1 280




9.0
Gpecifications of Equipment used in Tests

(Jven
Carbolite Muffle Qven
Type LMF 12/3 + 103. , :
Temperature Range Ambient - 100 C
Comtroller Urotherm Type 103

~Temperature Meters

arnaloque Devices ALR2091

Range =90 to 1250 C _ _
thermocouple Type K Pin Junction TC. Accuracy + 9 C + 1/2
LSD. &

& Includes All Conformity Errors,
JC Errors, Gain Errors
and Gain Errors.

Fluke 80TK Thermocouple Modules

Ranqe 0 to 1000 C.
Thermocouple Type K. Pin Junction TC.
Aocuracy 272+ 2 C.

[Flubke 8024R Digital Multi-meter
Range 0-32V 1C

Acouracy 1% of KReadinmg +1 Digit
keference Calibrators

ttaye K1l40~-4 Tce Point Reference
ficcuracy at 0 C + 0.01 C
Stability + 0.025 C
Ilrift with Time None
Total Imstrument Error 0.02%
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Fromaec Calibrator

Type K Thermocouple Kange
kange ’ O - 1316 C S
faoedracy + 0.033 C
{iold Junctiorn X20-CJTS
-20 to 45 €

Accuracy + 0.1 C at 25 C
Iteviation + 0.0l C/ C
Keadout 0 - 10 000 :
Accuracy +  0.013 +]1 Iigit with 10 000 Displayed
Overall Accuracy of Temp KRange + Comp + Readout + 0.03%

Repeatability im All Kanges ' + 0.03%

i




6.1
BECTION V1
ANALYSIS OF KRESULTS OF TESTS

. o
From all the evidence gathered during the investigations at the
Testing and Research Station the following facts have emerqed:

1. The flame safety lamp involved in the Moura No 4 mine
- explosion was Jdamaged externally during the explosion.
At the time of examinatiorn of the lamp the critical
safety compornents of the lamp appeared to be in a safe
condition. :

2. The inner and outer qauzes of the Moura lamp had been
- subjected to a source of heat of sufficient intensity

and duration to have raised the temperature of the outer

Jurfsce of the wire to a temperature of about 900 C. An bijf‘
identical assembled flame safety lamp, when exposed to -

Lhe flame of a methane or methane/coal dust explosion in couaiugagﬂ'
the explosion chamber y showed that the intensity and
duratlon of heat was insufficient to completely char a
small piece of tissue paper which had been placed on top
of the outer gauze prior to re-assembly of the lamp. A
piece of tissue paper placed akbove the inner gauze of
the Lamp during the same test showed no dlscolouratlon,
or evidence of charring.

3. It is sugqested that the even coating of dust ‘fused' to
the internal surface of the glass and bonnet of the
Moura lamp would only occur if an explosion or severe
neating had occurred inside the lamp. Evidence obtained
from investigations carried out at the Station shows
Lhat when an object is placed in an exploded dust cloud
gven as close as 2m from the igqnition source the pattern:
of dust deposition on the surface of the safety lamp is
asymmetrical. There is always more dust on the surface
facing the flame and little or no dust on the downstream
surface. From any external coal dust explosion there
was no  evidence either visually or at the submicroscopic
level of any deposit of exploded dust on the inside of
either lamp alass or metel bomnet. For even deposition
of Just to occur on the outer surface of the lamp hbonnet
the lamp must have been im such 3 position that the
flame velocity was at or very close to zero. This very
stronqly. sugqgests that the lamp was the spource of
igqnition.




6.2

The bornnet from the Mours lamp was not discoloured by
ovPosure to the heat of the explosion at the mine. A

similar bonnet was not discoloured during two of the dlSca/(O"‘C\ ((0"

‘t:Llon explosion tests but there was some
discolouratlon during a third explosion test. In all
three Station methame/coal dust explosion tests the
flame was present around the lamp for almost ore second.

Efficient mixing of the mine atmosphere, coal dust and
methane is unlikely to be achieved in the minme due to a
number of factors. For this reason the temperatures
experienced at Moura during the explosion could he lower
than those achieved under controlled’laboratory

conditions. However the flame lemnqth would probably have

been. Ionger and the time for its passage therefore
increased. Time in this context relates to 2 few seconds

ratiner than the one second of the laboratory. This could :D

account for the absence of discolouration in the Moura
Lamp. .

Electron microscopic examination of dust samples from
the inner and oulter lamp glass surface shows quite clear
avodence that the dust has been exposed to very high

Lemperature with particle surface characteristics

typical of ex ploded coal dust.

kepeated experiments have demonstrated that methane/coal
explosions can occur within the flame safety lamp. Such
gexplosions can occur with the boernrnet orn or off anmd with
the lamp inm any position between vertical and 45 in a
cdust comcentration as low 2s S0 gm per cubic metre and
with a methane concentration 3s low as 3%. Explosions
¢can occur within seconds of exposure to a methane/coal
dust, concentration ard can céontinue withim the lamp for
some minutes after the flame of the lamp has heen
extinguished ..

Kepeated experiments have demonstrated that small

- explosions occurring inside the lamp appear to have the

same flame intensity as occurred in experimental
metnane/coal dust explosions in the explosion chamber.

Hueh explosions cause heating of both innmer and outer

gauzes to a3 temperature in excess of 900 C for time
perinds far in excess of that necessary to imitiaste

“eéither a methane, coal dust or methane/coal dust

explosion.

<. Rl

conln
f%locﬂ
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6.3

It would appear from our investigations that fusing of

the dust to the cold surface of the lamp glass or bonnet HLQT cond i li
will only oceur if both dust particles and the glass and

metal surfaces are at fajirly high temperature albeit for 0RuwonsﬂhJat
@ relatively short period of time. : :

There is no experimental evidence from our
investinations 3t the Station to support any hypothesis
that the intermnal surfaces of the Moura lamp were coated
by dust from an external explosion.

It has been determined from our investingations by '
different methods that the lamp ngauze will inmitiate a T;%Je 4“3
metname explosion if its whole surface is heated to a “* @bgaaan
Ltemperature between 630 and 700 C. For a mixture of 4.2%
methane amd 1509/m3 of Moura coal dust the averaqge 9auge j:é%r-~rg7
temperature was between 251 and 270 C.

. Cityy
There is ample evidence both from direct temperature
measurement and video tape records of flame lamp
explosions that the metal strip which joinms the mesh
together acts as a3 heat reservoir and provides the heat
source for continuous coal dust explosions inside the
lamp. FPassage of the explosions from within the inner Eimﬁﬁf wa
gauze t0 the superincumbent space hetween the inner and . .
vuter gau es has heen demonstrated.

T49%

With methane concentrations up to the point of

extinction of the flame, the outer qauze temperature did gky
not exceed 105 C while the maximum recorded on the inner

arzuze was 435 C at the metal strip.

Owing te the difficulty of mainmtaining an airborne dust
cloud above the lower explosive limit and the imability
to monmitor dust concentration continually during the
experiments it has not been possible to demomstrate an
explosion in the chamber with the lamp as an igqnition
source. This probably could be achieved at the Station
bt would require redesign of the explosion chamber
which time and other resources did not permit.
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6.4

The thickriess of the particle film ‘fused® to the irner

surface of the lamp g9lass suggests that the coal dust

concentration prior to the explousion in the flame safety )
Lamp was relatively high. Some light fusing of dust on vCiwwAWvaa‘_
interior surface of the glass was achieved during the : ﬁ,4~54

“investigations but rnowhere rear the density observed in 6 #0°C.

the lamp from the HMoura mine.

The flame safety lamp at Moura mirme was found in a béqu.ﬂﬂace.ﬁdﬂ'
position very close to the area which showed the lac ce od cvuuh
greatest loss of volatile content of the samples of P e

coal dust. It is usually accepted that the flame in Lo VAot leg

A coal mine explosion has maximmum exposure to the coal

particles in the area of the ignition source where the ]Dag[° afﬁo :

Flame velocity is initially zero. .- rovar omd  1G
| N adeesiule

84 am wokia Vo

‘D-c nat— L%v\,ope_

othoe tndicad s,
of fhou/ pre

hoak”,
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Fxtract of Statistical Analysis



STATISTICAL.INTERPHETATION
CHEMICAL ANALYSTS
FOR

MOURA MINE TIUST SAHPLES

Prepared by
Arme e Corso
Statistician, S.l.M.T.A.RK.H.

Or

(LS Y

26 Mowvenber, 1980

w)



v

26
SECTION 4
L SUMMATRY ’ '

The analysis of datms must be conducter separately for floor and rib samples
incorder Lo remove the possibility of wisinterpreting effects due to the
different sample composition as effects due to a coal .dust explosion.

The lack of conclusive evidence from ZIC should not ke surpriceing, because
the ZIC in each sample is heavily influenced by how recently the area,
where Lhe sample was frow, had bheen stone dusted.

k A priori, it is expected that % Ury Ash Free Volatile is fairly uniform
L and that variation in ZDARY is due to extensive heating. When the
coal dust is subjected to a form of extensive heating Lhe ANAFY of the dust
decreasec. ‘ .

The particles sized <250  were most sensitive i reflecting variation in
ZDAFY. For these particles we found
# close correlation between increasing XDAFY and the
increasing distance from the coal face for
' Floor samples from - Belt Road
- South Returrn
~ Supply Road
Rik Samples from - Helt Road
= Bupply Road

S Farticles sized <250« from the Rihk were Lhe most sensitive indicalors of
the dirffering intendity and deqree of variability of XUAFV for each roan
whilel at the same time strongly reflecting Lthe correlation between

Y]

inereasing ANAFY and increasing distarce from the coal face.

4

Homogerneous qgroups of ZOAFY of particles sized <2%0 for the floor anc rils
samples nave heen mapped to depict the intensity of the heat effect on coal
dust esamples, by showing Lhe locations of groupirigs of low ZDAFY vialues
relative to fthe higher ZUAFY values. .

G A complete picture of the changing heat intensity throughout the mine
o cannot ke congtructed because it was not possible to qel samples from
certain critical areas within the mine.

CPONCLUS TON

“Hhen taking the data from the Chemical Analyses into comsideration to determine
Lthe possitile path of the explosion,. the %DAFY values for rib particles sized:

Lo )

x“q//yshould yield the most reliakle information.
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1. INTRODUCTION

Two gauzes from a flame safety lamp recovered after the explosion
at Moura No. 4 Mine together with two new gauzes for the . lamp
were supplied for examipation. It was requested that the
following questions be addressed :

(a) Were the gauzes exposed at any time to a high temperature?
(b) Can this temperature be determined? |

(c) Was there any difference in temperature between the inner
and outer gauzes?

(d) Can microprobe analysis identify the product of the gauzes
involved in the explosion?

{
2. ELECTRON MICROPROBE ANALYSIS

A section of the top of the gauze taken from the lamp recovered
from Moura No. 4 Mine was examined in the electron microprobe.

The results of this analysis showed the major elements present on

the surface of the gauze in addition to iron was calc1um —_ kvaC;ﬁp

Addltlonally minor amounts of . manganese, 5111con, sulphur,
chlorine, aluminium and potassium were detected.

3. METALLOGRAPHY

Cross-sections of the inner and outer gauzes from the lamp
involved in the explosion and the new gauze were cut and mounted
for metallographic preparation and examination.

Figure 1 shows the section cut from the new gauze. This shows a
longitudinal and transverse section of the wire in the gauze
which appears to be a ferritic steel. The grain size is uniform

across the section of the wire.

Figure 2 shows the section cut from the outer gauze from the lanmp
recovered from the Moura No. 4 Mine. In this case the grain size
is non-uniform across the section. Grain growth has clearly
occurred on the outer regions of the wire while the 1nterlor of
‘the wire is unaffected.

Figure 3 shows the section cut from the inner gauze from the 1amp
recovered from the Moura No. 4 Mine. Agaln the grain size is
non-uniform with the outer regions of the wire showing the larger

grain size.

UNIQUEST
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4. DISCUSSION

The metallographic structures are consistent with the wise having

been exposed to a very high temperature up to about 900 °C for a conclub

very short period of time, - This temperature flash has allowed
grain growth in the outer regions of the wire but has not been
sustained for a sufficient period to raise the temperatuse of the
interior of the wire to above a temperature of about 500 C.

A comparison of the inner and outer gauzes is complicated by -a
difference in the quality of the wire used to manufacture the
gauze. The wire used in the inner gauze contains many more
inclusions and precipitates which would inhibit grain growth.

'With this complication it is only possible to say that both inner

and outer gauzes were subjected to a temperature flash but not to
identify any .difference in temperature achieved.

5.  CONCLUSIONS

(1) The dark product on the surface of the gauzes retrieved from
the flame safety lamp at the Moura No. 4 Mine has a major
content of calcium.

(2) Other elements in the dark surface layer are manganese,
silicon, sulphur, chlorine, aluminium and potassium.

(3) The gauzes show a structure consistent with exposure to a
]_ very high-temperature for a very short time.

- b
e

6. TERMS OF REPORT

UniQuest and University staff operating with UniQuest make
reasonable efforts to ensure an accurate understanding of client
requirements. The information in this report is based on that
understanding ad UniQuest strives to be accurate in its advice.

‘While reasonable care has been taken in the preparation of this
report, this report and all information, assumptions, and
recommendations herein are published, given, made, or expressed
without any responsibility whatsoever on the part of Uniquest,
whether arising by way of negligence, breach of contract, breach
. of statutory duty or otherwise. : ;

No warranty or representation of accuracy or ?eliab;lity in
respect of the report is given by UniQuest or its directors,
employees, servants, agents, consultants, successors 1n title and

assigns.
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If liability is not, by law, capable of exclusion, then UniQuest
accepts liability to the minimum level set by that law.

This disclaimer .shall apply to 1liability to any person

- whatsocever, irrespective of how such liability arises, whether by
use -of this report by that person or you or any other person or
otherwise.

UniQuest is not responsible in any way whatsoever for the error,
neglect or default of others upon whom it has placed reliance in
the preparation of this report.

You shall indemnify UniQuest and its directors, employees,
servants, agents, consultants, successors in title and assigns
against any claim made against any or all of them by third
aprties arising out of the disclosure of the report, whether
directly or indirectly, to a third party.

A laboratory certificate, statement, or report may not be
published except in full, unless permission for publication of an
approved abstract has been obtained in writing, from the General
Manager of UniQuest.

Samples will Dbe destroyed within 30 (thirty) days unless
collected by the client.
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uniform grain structure

Figqure 2: A metallographic section of the outer gauze of the
lamp from Moura No. 4 Mine showing grain growth near
the surface of the wire

N

Figure 1: A metallographic section of the n
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Figure 3: A metallographic section of the inner gauze of the
lamp from Moura No. 4 Mine showing grain growth near
the surface of the wire ( x 120).
]
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APPENDIX 3

Particle Adherence and Electron Microscope tvaluation



s

Department of Mines 2
Testing and Research Station g
Redbank :
9th February, 1987.

File Ref. No....Lab. No. 86L-565/567

Memorandum 10! .o Chief . bngineer.........cccoovvvvennn, S

Re: Moura Investigation .

Prior to further physical testing on the Flame Safety Lamp retrieved from
Moura No. 4 mine, dust samples were taken from various areas on the lamp
for electron microscope analysis. These samples compliment those analysed
during the initial investigation. '

86L-565:  dust from outer side of flame safety lamp bonnet.

negative 7105 shows a rounded coal particle past off gasing but prior to the
cenosphere stage.

4;”,5/ No off gased coal particles were observed; most were rounded indicating moderate/
severe heating.

o 0 il
i BOmAL coad 56;'

20KV %608 7165 186U QITGU

MAG - ¢ LAl SR - fol -~ Tl

B6L-566: dust from the top of the flame safety!lamp bonnet.

Negative 7106 shows numerous cenospheres together with an off gased coal
particle (mid left).

Overall, many lacy agglomerates were observed as well as cenospheres, indicating
moderate to severe heating.

/2~
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B6L-567: dust from inside the flame safety lamp bonnet.

negative 7103 shows a coal particle just past the off gased stage.
negative 7104 shows an almost formed cenosphere (centre) and a part cenosphere
(right centre). '

No off gased particles were observed,again indicating moderate to severe
heating.

Sol o=
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. Department of Mines
’ Testing and Research Station :@
Redbank

30th January, 1987.

File Ref. No........ e

Memorandum t0: oo JBREEE ENGIDEEL

Re: Moura Investigations

The following preliminary report deals with the adherence of coal particles on
to the Schott Glass (Borosilicate) of a flame safety lamp.

The lamp glass was heated to a known temperature in a furnace and then quickly
removed and placed on its side 2 cm below a bunsen burner flame. Coal dust

(less than 75 micron) was sprinkled through the flame on to the surface of the
hot glass. The temperature of the glass was monitored by means of a thermocouple.

The results are outlinmed in Table 1.

A further short study was carried out to determine the rate of heat travel
through the lamp glass (Table II),

Table 1 ‘
Glass Temperature(°C) Adherence
80 , nil
175 nil
370 .- nil
500 ©nil —
680 * partial adherence (Rt L*jﬁ
: 14;r 2o ror lan
* The deformation temperature for borosilicate glass is guoted in the
literature (1) as approximately 650°c. . L Meura:
Table Il External Flame Temperature 1150°C
Inside Temperature Time to Attainment
270°C 28.8 sec
4500C - 50.4 sec

On the basis of the above results further tests were carried out using an
oxy-acelylene flame as the heat source. The flame was passed lcm above a lamp
glass at room temperature and at the same height above a glass at 500°C.

Less than 75 micron coal was sieved through the flame and the temperature

of the glass was noted. The results are listed in Table III. '

Table 111
. Outside Glass Temperature °C Adherence
200 nil
480 , nil

The inner and outer surfaces of the glass were coated with coal dust (<75
micron) and an oxy-acetylene flame (approx 2 000°C) was passed over the glass
several times. This procedure proved to be unsuccessful due to extreme

heat provided by the oxy-acetylene flame. In all cases the glass cracked before
any cogent measurements could be made. ‘

. /2=



Coal dust samples containing different percentages of limestone (stone dust)
were sprinkled through the oxy-acetylene flame onto the lamp glass. These
samples and a selection from the prev10us experlments were examlned by electron
microscopy.

Electron Microscope Observations on Flame Safety Lamp Experiments

BeL-447: Dust off inside of glass
Surface of F.S.L. Expt 5 Test 1

No signs of off gased coal particles; part and full cenospheres observed:
negative 0002 shows lacy deposits on unaffected coal particles - X-ray analysis
indicated the presence of cerium as a maJor component of these lacy deposits;
contamination?

86L-459: Dust off the inside glass v
Surface of F.S.L. Expt 5 Test 3

No censopheres observed: most coal appears unaffected; only a small percentage
appear slightly pockmarked as if starting to off gas. (neg 0003)

Negative 0004 shows coal particles - top right and bottom left: mid right
showed iron as major component by X-ray - gduze7 mid left appears to be a
dirt or dust particle.

B6L-461: Dust off the inside glass
Surface of F.S.L. Expt 5 Test 4

Some part and full cenospheres observed along with sections of lacy deposits
(Cerium no detected)

Negative 0005 shows slightly off gased coal: . X-ray indicated sulphur still

present - mild heat only?

Negative 0006 shows lacy deposit on left and part cenosphere on right, both

with Si,. Al major and S. minor.

86L-561: Coal Dust inside F.S.L. glass - Oxy flame up to lZOOUC on the
outside glass surface.

Off gased particles not predominant: most particles were rounded and several
part and full cenospheres were observed.
Negative 0007 shows an off gased particle.

B6L-562: 25% stonedust/coal heated on the side of the F.S5.L. glass surface.

negative 0008 shows off gased coal surrounded by coal covered with stonedust

adhered to the surface: no cenospheres were found but coal was generally rounded.

/3
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86L-563: 50% stonedust/coal heated on the side of F.S.L. glass
na photograph

no cenospheres were found; a few particles showed off gasing beginning: most
coal particles were angular and covered with stonedust. :

86L-565:  75% stonedust/coal heated on side of the F.S.L. glass

no pholtograph v ‘ :
no visible signs of heating observed: stonedust covered most coal
particles and appears to stop the coal particles agglomerating.

S. Bell,
Chief Chemist,

Research and Technical
Services Branch.

o4k
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APPENDIX 4

Analysis of Moura Rock Samples



6th February, 1987.

Chief Enginser

Moura Mo, 4 Quertr Analysis

Three (3) samples of roof rock from the Goaf area of the Moura No. 4 Mine
were analyssd for quertz utilizing s Fourier Transform Infrared Spsctromster.
Ten (10) analyses were carried out on esach sample.

% Quartz Semple ﬁtandard
: ‘ Deviation
Sample MO 42 (L) | 19,56 1.03
Sample 10040~3 (M) 16,91 0.89
Sample N (SIMTARS sample) 29,02 : 1.73

Roak containing the above lovala of quartz would not be regarded as being of
an -invendive nature.

A fut

S. Bell,

Chisf Chemist,
Regeerch end Technical
Servicos Brench.
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Further Analysis of Moura Rock Samples
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16th Fabruary, 1987.

Chief Englinsor

Re: Furthor annlyses carried out on Mourm Roof Rock

Rock gemples L, M and N (see provioue memo 6/2/87) were annlysed for quartz
using o difforont technigim from the previous onalysin, A total dust sample
rather than a respireble dust enmple wam usad for form the potessium bromide
disc. The disc was then analysed by Fourier Transform Infrared Spectrometry
and the results are listed below.

' : ' % Duartz
L 10,2
N 9.1

The nbove results are significantly lower than the respirable dust annlysee

and thin 1o explained by the fact that in the infrared gpactrum both intensity

and. reanlution are influenced by particle eire. As the particle size decreases
the intensity of shmorption and resolution increase, The elutriated respirable
samplea contain more smaller porticles and thus tend to resd highser.

| Semples of the rocl wore alap submitiod to the Govornmont_thémical l.eboratory
(GCL) for annlysis hy X-ray Fluocresconpe Spectrometry. See attached report.

Tt should ho emphasized that the 69.0% result in tha GCL Report reprosents all

forma of eilicon contetlned in the sample and does not refer to guartz alone.

A Lt

8. Boll,

Chief Chomiat,
Rensarch and Technical
Services Branch.
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13th February, 1987

Department of Mines

Safety in Mines Testing and Research Station
2 Smith Street
REDBANK Q 4301

Re: Analysis of powdered rock material
Attention: Mr., S. Bell
We received from you on 11th February 1987 three (3) samples associated with the Moura

No 4 Disaster Enquiry. They were labelled L, M and N. The samples were analysed by
X-ray fluorescence spectrometry. '

EEEylts:
L M N

510, _ % 69.8 ‘67.5 :
AL 0, . , % 14,4 17.1
Fe,0, % 1.2 1.1
MgO % 0.7 0.6
Cao , % 1.0 0.3
Na,0 ; % 2.8 1.8
X,0 - : % 4,2 5.8
TiO, % 0.51 0.61
9205 % L0.13 0.18"
MnO % 0.02 0.02
S0, % 0.06 0.03
LOL (1000°C/2 HRS) % 5.00 6,82
TOTAL % 99.82 - 99.96 99.86

Further to our telephone discussion, the following note regarding the silica (Si0,)
content applies. The silica figures quoted above represent the total silion (expressed as
% Si0,) present in each specimen and this includes free forms of silica such as quartz,
cristobalite etc as well as silicon derived from silicate matrices (ie silica which is
bonded with other elements). Some examples of silicate minerals are feldspars, olivine,
clays, garnets etc.

Yours faithfully,

% ' Jo_ r. J. BECKMANN
- ' DIRECTOR
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Dust Pattern Downstream of Bolt
after Dust Explosion

Dust Built upon Explosion Side of Bolt
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Dust Deposit on Lamp Glass
Dust Loose

Dust Deposit on Bonnet
Dust Loose
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End of Rope Sample Fused by Heat

Rope in Position in Chamber
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Views of Explosion Chamber
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Lamp in Test Position in Duct
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Gauzes Discoloured by Heat in Lamp
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