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ABSTRACT

This report compares the relative explosibility
hazards of a few dusts produced in both the mining and .
milling industries, and points out the possible 'dangers

of each. Methods by which explosion hazards may be

reduced or eliminated are also suggested,
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RESUME

'Ce %apport co’tﬁpare les danga;s d'exploﬁbilité’ L | A ‘ Q ‘
de quelqlies pqussiéres obtenues_ dans les indust;ies
c'l'extrac‘:'tioa et de p'r'ép'azfvatiorx ininiéres, et indigue les
risques éventuelys dans ‘chaq'ue cas. On suggére aussi des
méthodes permétt;an.t de réduire ou d'éliminer les dangers

d! explbsion.

-~ % .Chef, Section d'analyses des combustibles solides, Division des
combustibles et du génie minier, Direction des mines, ministére-
des Mines and des Releves techn1ques, Ottawa, Canada. ‘




Abstract o « . .

- P
Resume e e 9 e
Introduction . . .

Materials Studied .

Ores, Tailings and Concentrates

Coal and Other Carbonaceous(Organic) Materials

‘Tests and Test Methods

CONTENTS

iii

.

e

Proximate Analysis (ASTM D 271-58) ,

Particle Size Distribution and Identification. .

Minimum Ignition Temperature of a Dust Cloud

Minimum Explosive Concentration ., . . .

Relative Flammability .

Pressure Developed

Discussion of Test Results

L4

L]

Minimum Ignition Temperature

Relative Flammability .

~ Minimum Explosive Concentration

+

Pressure Developed and Rate of Pressure Rise

ACknOWledgme]}ltS . . . . . . . s . . . "

References « « « &

.

.

Page
. 1
. id
.1
.lZ
. 2
s 3
. 3
. 3
. 4
. 4
o 1
. 8
. 8
.8
.11
.13
.14
.15
.18
.18



iv

TABLES

1.  Criteria of Dust Explosibility . + ¢ + s 0 4+ 4+ o 2 .
2.  Proximate Analysis of Dust Samples ", . C e . B

3. Mineral Compoéitioh of Selected L .
Sulphide Ore D‘ust's‘r_ v e o e 4.0 e a a o o .« b

4, AParticle_SJ{ze Distribution of Selected L
Samples of Sulphide Dusts » « o o« « + « o o« o b

5.  Explosibility Test Results . o o . o . o . . o 12
FIGURES
1. Apparatus Used to D‘étermine‘the Minimum A o Q

Ignition Temperature of a Dust Cloud, . . . p o 4

2. Modified Hartmann Apparatus, Used to , _ A
Determine Minimum Explosive Concentration , .. (s

3. Modified Hartmann Apparatus with Bachrach
-~ Pressure-Measuring Device (Maihak-Indikator) . 9

4, | Explosion Pressure Curves for -325 Mesh ,
) (4:4: Micron).DU.S.ts - . . '.-_ . . . . . . . » 16




INTRODUCTION

In recent years the Fuels and Mining Practice DiViSiOI; has
carried out several investigations into the explosive characteristics
of dusts from both coal and base metal mines. (1)(2)(3) (4) *

This i:eport presents a éompilation of results previously reported,
in order to éhow the relati\;e explosibilities of the various materials
investigated.

Only dusts which are readily oxidized present an explosion
hazard and, of these, those containing reactive carbon ignite more

reladily than most inorganic materials, Two classes of dusts are
involved in this study, namely organic materials--i. e. containing
carbon, coal b.eing a prime example-- and inorganic materials,l such
as metallic sulphide ores. Many dusts falling into these two classes
may be inactive, from.the explosive point of view, as a result of
dilution by inert materials such as shale, sandstone,’ inorganic
-80il, and moisture,

The criteria of explosibility for the two above-mentioned

classes of dusts vary considerably, and may be compared by re-

ferring to Table 1 below:

* References are listed at the end of the report in the order in
which they are numbered in the text.



TABLE 1

Criteria of Dust ExplosibilityY

Coal and other .. Metals.and -

Carbonaceous S Sulphide
. Material L L Ores
1. Explosibility increases with 1. Explosibility increases with
increase of "volatile matter'. 3 ~ an increase of loss on
ignition. )

2. Particles of less than 20 - 2. Particles of less than.200
' mesh (840p) may be air- ~ mesh (74p) may be airborne.

borne. : _ T

3.. Specific gravity from 0.8to- 3. Specific gravity from 3.0

1.80. Large proportion of to 6.5. Low proportion of
volatile or combustible, _ combustible,
4, Readily dispersed By air - .4. Not readily dispersed by
. currents of low intensity., air currents of low
' intensity.
5. Settles slowly.'- S B 5. Settles rapi_diy.

MATERIALS STUDIED

Or'es, Tailinés ‘and Concentré.tev’s '

Samples of these materials wefe' 'subinitted for e:;plosibiiity
test purposes by three northern Québéc>metal mines, namelj Quemont
Mining Corp. and Noranda Mines Ltd. ’ Nora__nda,‘ .Quebec, and Normetj,al
Mining‘Corp'. Ltd., Normetal, Quebec. The bulk‘san.nple_s y 20 to 25.
1b each were in lump form in the case of ores, and fi_rhlelpowders for
concentrateé.~ Each sample was redugied in pa_rﬁclé :sf:'ize ‘byAcru éhing

and ball rriil_ling, and finally by screening to pass 325 mesh (44}A). |




’\ Coal and Other Carbonaceous (Organic) Materials

In order to cover the range of coals mined in Canada, a.typical
sample representative of each of the four main ASTM ranks (as listed
below) was taken from Division stores, crushed, screened to pass

- 325 mesh (44p), and identified as follows:

Semi-Anthracite - Canmore Upper Marsh Seam,
Canmore, Alberta.

High Volatile A - Dominion No. 20,

Bituminous Sydney, Nova Scotia,
Subbituminous C - Diplomat,

Forrestburg, Alberta.

Lignite - Klimax, oo
Taylorton, Saskatchewan,

. As examples of common industrial non-coal organic materials,
the folloﬁing t\x'ro substances were used: (These samples were also
crushed and screened to pass 3#5 mesh (44p).)

.Starch . - Amer. Che;m. Society grade (soluble)
Soap bark | - A polishing material used by the Royal
Canadian Mint to polish minted coins,

TESTS AND TEST METHODS

Proximate Analysis (ASTM D 271-58)

This group of analyses are standard for coal and coke, They
. consist of the determination of moisture, ash and volatile matter, and
the calculation of fixed carbon by difference. - In the case of samples

from metal mines and agricultural prolc_luc"'ts, . only moisture and ash







TABLE 2

Proximate Analysis of Dust Samples

Sample No, Dust Type and Source Moisture| Ash Volatile Matter | Combustible (Fixed Carbon -
% % % % % i
2617-60 Agricultural product, Soap Bark 7.90 8,13 | == 83,97 v
2616-60 Agricultural product, Soluble Starch - 11,05 0,25 | w~ 88, 70 N
' 3
261360 Coal, High Vol. A Bit., Dominion 1.35 9.73 34,56 38. 86—-/ 88, 9?.‘}‘/- 54, 36
No. 20 Mine
34
261260 Coal, Semi-Anthracite, Canmore i.00 3.10 13,61 14, 19—/ 95.90—1-/ 82.29
Upper Marsh
i
261460 Coal, Lignite, Klimax, Western 12,46 10,45 36,17 46. 90—y 77.09"/ 40,92
Dominion ’
3
2615~60 Coal, Subbit, C, Diplomat, Forrest- [22,40 5.61 33,48 46. 50—/ 71.99-y 38,51
burg Collieries
2216160 | Sulphide Ore, Noranda Pyrite 21-45N 0.06 72,10 | -w 27,842/ “
Stope
52/
224460 Sulphide Ore, Normetal Pyrite- 0.10 75,95 | == 23.9 an
Sphalerite
2093-60 Sulphide Ore, Quemont Pyrite- 0,20 69,79 | ==~ 30.01y s
Pyrrhotite
32/
2246-60 Sulphide Ore, Normetal Chalcopyrite- | 0.10 88,37 | -~ 1.5 -
Pyrite-Sphalerite
221560 Mill Concentrate, Noranda Pyrite Conc, | 0.23 69499 - 29.?8y -
2208-60 Mill Goncentrate, Quemont Copper Conc,| 0.13 83.12 | -- 16. ?S.y -
2243-60 Sulphide Ore, Normetal Massive Pyrite | 0.10 74,80 [ - 28. 10—2-/ -
_y In coal samples,combustible is the total of volatile matter and f{ixed carbon,

E/ More correctly defined as " Loss on Ignition'.

é/ Dry ash free.




TABLE 3% (5)

Mineral Composition of Selected Suliyhide Ore Dusts

Sample ' ' | % Chalco- :

. No. . % Pyrite pyrite % Sphalerite % Gangue

- 2216-60 91.0 . 1.4 e 7.6
2093-60 90.3 - 2.6 s s
2243-60 ; 95.6 C - - ' ‘ 4.4

TABLE 4%(5)

Particle Size Distribution of Selected Samples of Sulphide Dusts

Size in Microns k‘2216-6o | 2093-60 _22434,601
110-80 . | - | S
80-65 | . 49 .
65-50 S | Y T R . | ’
5040 | 2.5 S 5.9 . - S .
40-32 | 59 9.5 -
32-26 [ 1300 79 3.2
26-19 | 110 1.9 5.2
19-15 ol 12 g2 - 7'.‘;7’
15-13 t06 9.9 6 %
13-10 | | 10.3 9.5 | 9.0 | o
10-6 | | s8 . 89 116 |
6-3 0.8 12. 1 3.0
35 | 60 7.5 12.9
1.5-0 2.3 3.9 3009 | ’
* These data afe- from.vMineral Sciences Div'isvi’on internéi‘Réb;)ft_ ' |
|
|

- MS-60-67, prepared at the request of the Fuels and Mining Practice:

D,ivision,_ April, 1960,






Relative Flammability

: ' - (6)
This is defined by Hartmann et al

' dus.t in a mixture with the combustible dust, r’equired to prevent
ignition.of the mixture by a giveAn igﬁifing source'!, qAndAis Céilct;.iatéd
to.include the moisture:a'nd a:s‘h of- the‘éamplé und'exj' test, - In these
tes'ts, ‘fuller''s earth was used as the ine‘r't material blgcause‘ 'ité
apparent density ié sifriil,ar to that of coal dqs t.

Pressure Developed

In this test a given concentration of dust is dispersgd in the
nﬁdified Hartmann apparatus (Figure 3), to which a Blvach'_rach pres-
sure-measuring device has been added. A graph reéords the pres-
~ sure 'de\.reloped and th;a rate of pre-ssu‘re I;ise .resAuztlt__ing from each
explosion. Tﬁe disperéion pressures necessary to form a unifofm '
du_st cloud vary according to the ea/se. of disﬁersic’m of"the material
under >test and may range from 4 to 40 psig (oxygénl Qi_‘ air)., In
these tests, oxygen only was used, as many of the samples would
not ignite readil;lr in air with spark ignition; a 4.0 ib::cli'spevrsi:ng pres-
sure was used to disperse all samples, although tﬁe Iighter materials
disperse at preSsurés as lov;'f as 4 or 5-psi’gl.‘ This 40 1b pressure

was chosen so that all materials would be -cbmpiete'ly dispervs ed.
DISCUSSION OF TEST RESULTS

By referring to Table 2, " Proximate Analysis of Dust’

Samples', a wide variation is noted. in both the combustible and .

as ' the percentage of inert

L
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a

o contain a high percentage of adso‘r'b_ed water and water of hydration, )
* Small amounfs of surface mo.isture would, on the other hand, render

- these same coals dustless.

As coals inc;ease in‘ 'rank from peat to ijgnite and, ‘on through
. the subbituminous and bituminous 1¢veié, t‘d.anthraci.te: and meta
anthracite, this moistu_re-hoidiné cap.ac.ity,decrgases from ovér

. fifty percent to less than one percent, wﬂich is bound moisvture held

- in the pore structuré of the ;:oal. It ié ther;afo'ré the surface moisture
: tha'_t affec.ts dispersibility,

All s.amples were analyzed by the'methbds.use‘d for coal and
the fix:xdings are therefore empirical, Some ésh:-_forming constitutents
E may have been volatilized or oxidizéd at 750°C, ) thereb};.feducing
the weight of ash, as is, true for py,rite ('F.eSZ)._ The followiné chemi- -
~cal equation ciearly illu.strates‘thils blreduct_ion in weight, aé wAell_as

the large volumes of oxygen required to complete the reaction:

(8 FeS, + 220, — 4 Fe03 + 1650,) .

959.68 + 704.00 — 638.72 + 1024.96

Metals or metal powders,. on the other hand, would show an
increase in weight,

Ca}'bonaceéus materials contain‘ higﬁef' ‘pe.rcen_tage:s> 6f
combdstiﬁle matter, from which one may conclude fhat: thgée ;nater-
ials are more readily ignited arlld. ﬁresent thé- gfeater é_xinlo‘sion

hazard., However; the reactivity of the combustible portion is
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another factor to be considered., The ignition temperature of the
combustible portion is dependent on the chemical composition, which
in the case of the agricultural dusts could contain vegetable oils, or
in the case of coals, methane; both of which are inthemselves
flammable, having a relatively low ignition temperature,

The sulphide ores studied, being inorganic, have no combusti-
ble volatile constitutents, and therefore the explosive characteristics
must be dependent on the ease of oxidation of the metallic sulphides,
An explosion is, after all, an extremely rapid oxidation,

In naturally-occurring materials varying amounts of inert
substances are present. These substances, such as moisture, ash,
and incombustible gases, play an important part in the explosibility
of a dust; in some cases their presence ter.lds to increase explosibility
by increasing dispersibility, or to decrease explosibility by acting
as an absorber of heat or as a diluent,

Minimum Ignition Temperature

By reference to Table 5 it will be noted that the minimum
ignition temperature increases for each group from top to bottom.
For those who are familiar with ignition temperatures of some of
these materials, it should be recalled that the dispersion medium

is oxygen, resulting in values considerably lower than in air.

. Oxygeh is used for comparative purposes only. Starch, for example,

is reported by Hartmann and co-workers, of the U,S. Bureau of

Mines, to have a minimum ignition temperature of 380 to 510°C,(7)



. TABLE 5.

"Explosibility Test Results
- Minimum Reliative" gMlmrnu.mt Pressure Developed (psig)
Sample Ignition - Flammability Explosive | At Min. At 1 oz At 2 oz
No. Mark Temp.,°C % Inert { Conc., oz/ |Expl. per cu it per cu ]
) fon it Conc.
2617-60 | 1 | Soap Bark 150 75 0.3 54.1 109.5 139.4
2616-60 | 2 | Soluble Starch 140 | 15 0.6 - 61,2 . 109.5 132.3
2613-60 | 3 ‘Dominion No. 20 Mine Coal :160 80 0.3 1113.8 51.2 31.3
p 2612-60 | 4 ‘Canmore ﬁppér Marsh Coal | 200 ' .50 0.94. io9. 5 99.6 92, 5:
l2614-60 | 5 | Klimax Lignite ' 160.. |, - - 85 0.3 | 66.9 . 125.2 139.4
2615-60 | '6 | Diplomat Subbit. C 180 | 75 13| 341 88.2 62.6
2216-60 | 7 | Noranda Pyrite 21-45 NSt. | 375 851./1 3%{4 1.3 34,1 3.5 5.6 | 0%
2‘244-60 8 N;eretal Pyrite-Sphalerite 400 84.6 35,5 ‘ 1.1 471 | 17.1 32,7 .
. 2093§60 9 :Quemontv Pyritg-p‘y}rhbtite - 520 81.8- 39.4 1.0 Nil 38.4 45.5
12246-60 | 10 Normetél c:hg;lcopyrite.Pyrite-_ 460 92.1 ©31.0 0.9 11.4 .' 10.0 21.3
: Spha.lerite : ) T
: 2215‘-60 i1 Noranda Pynte Conc. 410 182.5 41.2 1.1 39.8 . Nl 44,1
2208-60 | 12 | Quemont Copper Conc. | 480 88.0  28.6 2.0 28.5 “ Nil‘. 31.3
2243-60 | 13 . Normetal Massive Pyrite 430 [83.0 39.4 | 0.9 18.5 18,5 . 45.5. ’

1 / Relative ﬂammablhty calculated to include moisture and ash of sample as for agncultural dusts and coal,

_/ Calculated as an additional percentage; for example w1th Sample 2216-60, 0. 394 of inert was added to the

1 g test sample to prevent explosion.
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bituminous coal dusts 610°C,.(8) and sulphur 190°C. (8)-' The ignition
temperature may also be infl'\;enced by concentration;"-(g) Again these
tests were carried out using one concentration only, i, e, the standard
I g sample,

Ignition sources of low intensity may be encountered in many
‘industrial plants, from.-overheated motors or bearings, frictional
sparks, overloaded wiring, etc. These sources may be sufficiently
strong to initiate an explosion in the first group of dusts.

Similarly, in coal mines frictionalyspark.s could ignite m.ethane,
which in turn could raise enough dust and produce enough heat to
propaéate a dust explosion throughout the mine. However, ignition
may be more frequently caused by blown-out shots or by the mal-
function of electrical equipment damaged b‘y rock falls or othér
underground accidents,

Ignition temperatures of the sulphide ore dusts are consider-
ably higher than those .of the other dusts, and may be in reality in
excess of 1000°C in air, It is probable, then, that only sources of
great heat, such as blown-out shots or exposed explosives uncovered
by millisecond blasting, could ignite this type of material, Dust re-
duction during major blasting will undoubtedly lessen the probability
of explosions, but only by reducing the sizes of blasts along with
dust reduction will they be prevented,

Relative Flammability

By further reference to Table 5 it is found that the inert
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' 'mé.tevrial_‘requiréd to i)revent; propagation. is 7.5% for the agricultural
dusts, from 50 to 80% for the’ c’:oals.,, and between 82 and 92% for the .
ores. In certain instances, the addition of inert matler.ial increases
explosibility by increésing dispefs ibility, .and tﬁis is probably »t>he
case for the ore samples which have a high spec’ific gravity. By,'
reference agéin-to Table 2 it will be evident that the " combustible" |

portion of the base metal oreé_ is not the characteristic r‘esponsible\'f '

for their explosive qualities; it will also be evident that the use of c

i

;A

rock dust or other inert material with them would be impractical
because of the large quantitiesre’quire.d and the difficultiés ensuing-
when l‘mrhid'conditiom} present in base metal miﬁes cause rbck» dust
(limestone or g'ypsum)‘,to ;ake.' va'e’sent practices of using large
volumes of water appear to be the most ef;ficiénf. ' .

Minimum Explosive Concentration

As previously stated, this is the minimum. concentration of .
dust which, when comllole_tely dispersed, will initiate an- explosionz
under the conditions of test, which 1n this ¢ase were -325 mesh
'samples dispersed in the mo'difie‘d'Hartm.anvrA}' appafatus by a 40 psig '
oxygen pre‘ssur'e. |

Again we refer to figures obtained by the U.S. Bureau of
Minés (B)A as differing gi‘eatly, ‘as did the méthod of test. The mini-
mum concentration for Pittsburgh 'coal-_du.s't .is stated té be 0.035 oz
per cu ft. In thiAs.cyas‘e a much lower dis;persingvpressur'e was used

and the particle size differed, Our figure of 0.3 oz for Dominion
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No. 20 dust is about 9 times as great, using 40 psig oxygen pressure

and -325 mesh coal.

Pressure Developed and Rate of Pressure Rise

Figure 4, explosion pressure curves for -325 mesh (44 micron)
dusts, shows graphically the pressures developed by various concen-
trations of dust dispersed by equal pressures of oxygen with an identi-
cal spark ignition source. As previou'sly mentioned, these pressures
were measured with a Bachrach or Maihak engine indicator which is
not entirely suitable for such work., The combustion gases prodﬁced
by many of these materials are very corrosive to- metal parts, caus-
ing bix;ding of the piston and rapid wear on both the piston and the
cylinder. The graphs produced, however, are relative and the
slope of the pressure curve indicates that .pressures are deveioped
rapidly in many instances, As the decay portions of the curves were
uncertain due to gas leakage, they are shown as dotted lines,

The soap bark,. starch, bituminous and lignite coal dusts show
the most rapid explosion curve, as well as the greatest pressures,
These curves illustrate the effect of dust concentration on the rate
of pressure rise and on the maximum pressure produced. Kach in-
dividual material must be evaluated separately.

On studying the test results of the samples presented in this
report, it will be apparent that no simple rules exist by which one
may predict accurately the possible dangers of a given dust, The

factors affecting explosibility are many and interrelated; as one:
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instance, a reduction or an increase in particle size may result in

a better or a poorer distribution, by separating the particles to such
an extent that ignition would not propagate from one particle to another,
or cause extremely fine particles to form agglomerates by electro-
static attraction, thereby effectively increasing particle size and
reducing the dispersibility., Dispersibility may also be affected by
surface moisture which prevents the finer particles from becoming-
airborne.

The use of " rock dust!" or other diluents in coal mines, or in
industries such as flour milling or starch production, is effective if
used in large enough quantities .to prevent a secondary explosion,

In metal mines it would appear that 1;ock dusting would be of limited
value, in that excessive quantities are required.

The present practice of wetting down the areas where scrap-
ing or blasting is to be carried out, is undoubtedly the most effective
method of dust suppression, Fog-type nozzles, i.e. nozzles in
which water is atomized by air pressure, as presently used, are
effective in thoroughly wetting down working areas, In order to re-
duce explosion hazards to a minimurh, air to the fog nozzle should
be cut off during blasting, because excess air would only aid in
producing conditions favourable to an explosion,

'In coal mines, water infusion would appear to be the most
effective means for dust reduction at a working face where efficient

rock dusting is difficult and impractical.
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