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1.
SUMMARY .

Aim of Research. (i) To develop and evaluate an apparatus for the
investigation of the air-settling cheracteristics of silica dust of
a particle-size dangerous to healthy (ii) to examine itz use for
the investigation of the effect of aqueous sprays om the dust in
suspension in the chamber.

1. A brief account is given of the causation of silicesis,
and the methods employed in mines to measure dust concentrations, and
to suppress the fine dust particles, are menticned,

2. The apparatus used for the preparation of a dust eloud
of very fine dust particles of approximately reproducible sise dis-
tribution and concentration is described..

3e An apparatus is described for the examination of the air-
settling characteristics of fine silica, consisting of a dust chamber
into which the dust is injected and dispersed, incorporating three
pairs of compensated photeslectric cells connected in opposition and
to a mirror galvanometer. A beam of light traverses the dust cleud
and is picked up by one cell of each pairy the other cell picks up the
beam uninterrupted by dust. ‘The presence of dust in the chamber pre-
duces a differential current which is measured by the galvanometer,

4. A thermal precipitator (T.P.) is built inte the apparatus
to enable sumples of the dust to be withdrawn from different depths in
the chamber. The concentration (particles per cubic centimeter
(pepecec.)) and size distribution of each sample is estimated.

5« Two types of water spray (i) the hydrsulic or water
pressure; (1i) the compressed-air-operated are developed and cal-
ibrated, but only the former is used in the dust chamber.

6. Using the above apparatus the following conclusions are
drawn.

A. - The atomisation of the water-pressure spray increases
when (i) the pressure of the water imcreases; (ii) the orifice dia-
meter increases over the range investigated; and (11i) a surface

active (S/A) agent iz added to the sprey solution. (This effect is
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more pronounced at lower pressures. All the S/A agents investigated,
with the exception of Fixanol ¢, are found to be equally effective
in inereasing the atomisation.)

The compressed-air-operated spray produces smaller droplets
than the weter pressure spray, but is not suitable for use in the
chanber because of the large volume of air involved in the atomisa-
tion process.

B. = The light extinction method was used to estimate the
dust conocentration and the fellowing results obtained:-

(1) The rate of sedimentation is less at the lowest concen~
tration of dust than at the three higher concentrations, suggesting
the effect of aggregation at the latter.

(ii) The same efficiency of dust removal calsulated as re-
duetion in surface srea, is achieved by spraying demmwards or upwards
through the dust.

(1ii) The plot of reduction of dust concentration against
duration of spraying does not conform to an exponential curve, as
would be expected if the only factor influencing the removal of the
dust was the conoentration. It is suggested that the larger particles
are preferentially removed by spraying, resulting in a proportionally
larger decrease in surface area. ¥

(iv) The inclusion of S/A agents in the spray solution does
not result in an improvement in spray efficiency when the water pressure
spray was used at a pressure of 62 1b./in.2 A 0.5% solution of
Lissapel KDB is as effective as water alone in suppressing the dust
while a 0.5% solution of Alcopol O in alcohol is less effective than
water or Lissapol NDB solution. The same efficiency of dust removal
is found for a wide range of concentration of Lissapol NDB. The
reasen for the lower efficiency of Alcopol O solution is thought te
be the increase in rate of evaporation of the spray droplets due to
the alcohol in the spray solution.

C. = Application of Smoluchowski's law to the rate of decrease
of concentration (p.pe.c.c.) with time permits the calculation of X
(the Smoluchawski econstant). MSC and LAS are found to have different
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values of K, both greater than the theoretieal. ‘The reasons are
thought to besg-

(i) the non-uniform size-distribution of the dust cloudj aend

(ii) the elesctrostatic charges which exist omn the particles and
which have been shown to influence the aggregation (Sectiom 5).

The differenee in the values of ¥ found for clouds fermed frem
MS8C and LAS dusts has been attributed to the difference in the pre-
portion of the very small particles (<1 mioron) which will coagulate
more quickly because of their greater mobility.

D. - Spraying tests on the dust cloud, when the T.P. was used te
estimate concentration, showed that the fine silica dust cloud is
affeeted by spraying and some of the dust removed from suspension.

The amount of dust removed is increased wheni-

(i) the duration of spraying is increased;

(ii) the degree of atomisation is increased; y

(1ii) the velocity of the spray droplets is increased;

(iv) the average droplet size of the spray is decreasedj
and (v) a 8/4 agent is included in the spray solution at low
water pressure.

E. - Estimation of the sige distribution of the dust cleoud
under different conditions led to the following conclusions. P o

(1) The size distribution of a fine dust oloud alters during the
first hour in suspension, but no change in the size of the dust is de-
tected during the next 11 hours. After 19 hours the sedimentation of
the larger particles and aggregates results in a dust cloud with the
same size distribution as the original dust.

(ii) Spraying removes and breaks uprthe larger particles and a
aggregates, giving a dust cloud with a higher percentage of harmful
dust particles.

(1i1) & 5% sodium chleride solution, sprayed into the chamber,
results in a slight increase in the aggregation of the dust particles.
This effeet is not detected when a 1% sedium chloride solution is used.

(iv) Exposure of a newly formed dust cloud te a Radiocactive
Static Eliminator (R.A.S.B.) resulted in immediate aggregation of the
cloud to a size distribution comparable with that of a cloud which has
been left to sediment for one hour. No further change in size distri-
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4
INTRODYCTION

¥Mechanism and Causes of the Pnaumoeogigson.

Silicosis is a disesase which results from the inhalation of
silieious dusts, and the pathological manifestations depend on
several factors, e.g. the degree of concentration of the dust in
the atmosphere and the period of exposure to the dust. Silicosis
increases susceptibility to tubercular infection in the victim
and when infection of this type sets in the disease is rapidly
fatal. Pneumoconiosis is mainly developed by miners and is
caused by the inlalation of coal and rock dust and is considered by
many authorities to be a modified silicosis (1).

The lung is protected from the accumlation of foreign particles
by certain mechanisms. The nose through which the respiratory
tract opens to the surface of the body is guarded by a coarse
filter of hairs Behind this is a series of tortuous passages
with moist walls which trap many smaller particles. In addition
the nasal cavities and the remaining portions of the upper res-
piratory tract, the pharynx, the trachea and the bronchi are ligel
by cells covered by minute vibratory hairs and cilia. Wavelike
vibrations of these hairs tend to carry particles lodging on the
surface away from the lungs and back towards the surface of the
body. Particles that succeed in pessing these barriers and pene-
trate to the terminal air spaces of the lungs are ingested by

wandering scavenger cells or phagocytes, which come from the



7

partitions between the air spaces for this purpose. These cells
move independently and tend to carry the foreign particles out of
the air spaces into a special drainage system known as the lymph-
atics. For ordinary atmospheric pollution these protective meche
anisms are adequate to prevent significant accumalation of fereign
particles in the functional part of the lungs. If a persen continues
to breath a very dusty atmosphere for long periods of time the
protective deviees cannot cope with the situation, the mechanisme
are demaged and the dust particles collect where air should be (2).

According to Kasten (3) coal dust is phagocytised more quickly
and more conmpletely than atone dust, Quartz causee viclent changes,
the smaller the particles the more quickly the proocess develops, and
Kasten concluded that the malignity of quartz is caused by its |
physicochenical effect on the tissues (surface effect).

At present there is a lack of knowledge as to the size of airborne
dust likely to be harmful, Present day standards of air dustiness
are based on numerous uncertain premises. Different authorities found,
in the lungs of diseased silicotice, varying maximum and minimuam
sizes of dust ranging from as smsll as 0.2 micron to as large as
10 microns (4, 5).
(1 micron = 107%cms = 1/25,400 in., This has led to the sonclusion
that the particle size of duste which are harmful to the lungs lies
between s lover limit of 0.2-5 microns and an upper of 6 - 10 microns.

The recson for the exclusion of{0.2 micron from the dangerous
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fraction was that optical microscopes had been used in the size
analysis and < 0.2 micron particles were mot detected.

More recent work by Hatch (6) has indicated the relationship
between the amount of dust deposited in the lungs during inhalation
(the dosage rate) and the amount in the air. This relationship
is determined by the behaviour of particulate matter in the respi-
ratory system. It has long been knewn that only a fraction of
inhaled dust is retained and that the percentage retention varies
with particle sige.

Physical and mathematical comsiderations indicate that the doptﬁ
of penetration of inhaled particles into the respiratory systeam will
increase with decreasing particle size. On the other hand, according
to the same laws, the percentage deposition of particles reaching
any given depth of penetration decreases directly with size, Thus
there are two opposing factors at work in the respiratory tract, from
which it follows that there must be a particle of a certain "eptimam"
size having the greatest probability of penetrating to and being
retained in the alveoli. Larger particles will be relatively s?aree
in the alveoli bdecause of earlier deposition in the upper respiratory
tract, and finer particles will decrease in namber because of lower
retention. Such a relationship has been piedicted mathematically
and derived indirectly from measurement of total retention. It has
also been confirmed in bumen lungs by two different technigues (4, 7).

Graph No.l (6) represents the distribution of retained mineral

dust in human respiratory system during inhealation in relation to particle
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size. Note the maximum alveolar retention at one microm.

It would seem poor reasoning to hold that the only harmful sizes
are those found in the lungs, because dust particles, ranging from
10 to 100 microng or more when floating in the air, are drawn inteo
the nostrils and other protective air passages, and, if in large
numbers, soon cleg these protective agencies and passages, permitting
free unobstructed entrance of the so-called harmful dusts. It
appears that any dust insoluble or difficultly soluble in the
fluids of the respiratory passages, and in sufficiently finely
divided form to float in the air and be breathed in considerable
quantities by workers over long periods, will be ultimately harmful,
Although free siliea (8i0,) has been considered the most baraful,
silicates (e.g. asbestos) have been found to be almost as dangerous
(8,9510) 4

The exact process by which fibrous tissue is formed in the
lung as a result of the presence of dust is not known. At one time

investigators believed that fibrosis was produced in response to the

irritation caused by the hard sharp quartz particles as well as through

filling or partial filling of the lungs with dust - that is, the dust
was supposed to act mechanically. This theory was displaced when
Gardner (11) whowed that fine carborundum powder having a hardness
greater than that of silica wzs inactive in the lunge of animals,
Kettle (12), by coating silica particles with iron oxide, and Denny,
Robson and Irwin (13), by using alumina as s coating; showed
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that an initially pathogenic silica dust could be rendered
harmless.

At present most investigators (12,14,15,16) consider
solubility a primary factor in the harmfulness of silica and
claim that a substance insoluble in the respiratory fluids and
tissues cannot cause dust diseases of the lungs. They believe
that the action is chemical rather than mechanical. A more ratienal
view would seem to be that the harmful action is of both chemical

and mechanical origin.

Dust Sampling, Measurement, and Analysis.

The airborne dust particles present in the atmosphere of a
rine may be. a# large as 150 microns in size or so small that the
particles cgnuot be detected even with a powerful optical micrescepe,
i.e.40.2 micron. The average particle of atmospheric dust found
in bituminous coal mines is 0.5 mieron er about 1/50,@@@ of an
inch in maximum dimemsion (17).

The formation of dust depends on a number of factors. 1r
coal ie hard, it generally will produce less dust during mining
and handling them coal of soft structure. Other factore include
the height of the coal bed and the elevation at which the coal is
cut. The speed of cutting also alters the amount of dust produced.
Other things being equal, the higher the speed of the éutting chain
in a macﬁine the greater the quandity of dust formed. Dull
drill-bits (17) are & productive source of fine dust beceuse of

the incressed attrition of the coal.
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It is impossible to define dangerous concentrations of
airborne dust accurately owing to the meagre data available. It
is now generally agreed (18) that men can work in relative safety
in atmospheres containing not more than 850 coal (or 650 anthracite)
1 - 5 micron particles, or 450 rock 0.5 - 5 micron particles per
cubic centimetre of air.

When measuring dust concentrations very large particles have
a great effect on the mass concentrations, and therefore in studies
on pneumoconiosis dust concentrations are commonly expressed in
terms of the particle count.

The dust concentration in a mine can be measured by a number

of sampling devices, the four most commonly nsed being:-

1. The Konimeter.

2, The Owen Jet Dust Counter.

3. The P,R.U. Hand Pump.

2. The Thermal Precipitator (T.P.).

The Eonimeter and Owen Jet Dust Counter are sampling instruments
of the impinger typesy ©bvoth impinge a measured sample of the air
on a prepared surface.
In 1916 Kotze (19) called attention to an instrument which
he called the konimeter. This consists of a éhamher, one side
of which is a vaseline-coated glass plate, and an impinging orifice
which is perpendicular to the slide. The air is sucked out of the
chamber by a cylinder and a spring-actuated pisten. The only

method of ingress of air is through the impinging orifice, and
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and when the air enters the chamber at high veloeity in this manner
the dust is depoeited in the form of a spot on the greased plate.
The particles may be counted under a microscope using a ruled
eyepiece,

The Owen Jet Dust Counter, developed by Hatch and Thompson,
hag many desirable features with respect to simplicity and rapidity
in operation. The modified Counter permits the direet collection
of eight samples on a single glass slide, and the "dust ribbons™
are matched against a series of standard ribbons under a comparisom
microscope. The Konimeter and Owen Jet Dust Counter are subject
to criticism since the percentage of the dust trapped on the glass

slide is only a small proportion (20 to 604) of the dust contained

in the sampled air (20). It is also claimed that the impinger method

forms aggregales on the slides and breaks up some particlea,

With the P.R.U. hand pump, the dust-laden air is drawn through
a filter on which the particles are deposited. The stained filter
is then examined and the concentration eitimated by the depth of
the stain. When the dust cloud is composed of white particles,
a8 black filter is used. This technigue does not distinguish
between a large particle of dust and a number of small particles,
and is used mainly in rough comparative work.

The fourth sampling instrument, the T.P. designed by Whytlaw-
Gray and developed by Green and Watson (21,22), has an efficiency

of 1004 for particles of dust frem above 20 microns down to at
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least 0.2 micron . The deposits are exsmined under a high-power
microscope and size distribution and concentration cournts carried
out on the samples. From the industrial point of view the instru-
ment gives the best indication of the dangerous nature of the
dust, but it has the disadvantage that the sample has to be examined
by a4 microscopist and is time-consuming. The instrument is best
saited for work of great accuracy.

The light-extinction method for estimating dust concentration
has found much support in lsboratory work on sedimentation of
dasts. The method is best suited for control and comparative

purposes as the results obtained are difficult to interpret.

Dust Suppressiom in Coal Mines.

Dust suppression can be accomplished by omne of two wuys,
either by (1) modification of the dust-generating process, i.e.
preventing dust formation at its source, so that much less dust
is disseminated, or (2) by subsequent removal of alrborne material.

The main methods of suppression at the source which have been
tried are wet eutting with and without 2 wetting agent, the use
of foam, and water infusion (22).

When water sprays are employed to suiprosé dust, the spray
is formed by foreing water at high pressure fhrough a fine orifice
or by atomising the water with compressed air. Both types of

8prays have been investigated undbr mining conditions to compare
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their efficiencies. Recent investigations have shown that the
compressed-air-operated sprays are most effective in removing
airborne dust after blasting. The effect of this type of apray
in removing the dust is twofold.

(1) The water droplets in the spray remove the dust from
the atmosphere by knocking the particles down.

(2) The large volume of air used to atomise the water
increases the ventilatior and displaces the dust from the site.

Efficiencies of 99% have ®een claimed for these sprays within
10 to 15 mins after blasting (23)., The compressed-air-operated
sprays are used with pneumatic picks and drills where the exhaust
is used to atomige the water.

It has been found that for dust not already airborne effective
application of water may be obtained only by the right degree of
atomisation (24,25). In general a finer spray gives a better
result, Relatively high pressures are necessary (60-120 lb./in.z)
for fine atomisation in the water-pressure type of spray used in
the mines,

The use of wetting agents for reducing the amount of water
necessary to suppress dust has been investigated by nmearly all
interested research organisations. During coal cutting it 'asA
found that the use of solutions of wetting agents as sprays
produced a greiter reduction in the dust concentration than

did a much larger quantity of water alome (22).
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As an alternative method of suppressing dust at its sourxce
foam as used for fire fighting has been suggested. Price (26)
claimed very effective dust suppression with foam, but in pits
where more stringent dust conditions prevailed the resuits
obteined were inconclusive. While the method is more complicated
than the use of solutions of wetting agents as sprays, fhe quantity
of aqueous foam solution used is very much less.

The water infusion method for the suppression of dust was
developed in the anthracite area through the joint efforts of the
ataffs of the Amalgamated anthracite Collieries Ltd., and of the
¥ines Inspectorate (27). It comsists briefly of injecting water
under pressure in boreholes driven in the coal face to a depth
vhich must be determined from existing conditioms but is usually
between five and fifteen feet. The pressure applied also depends
on mining conditions and may be between 30 and 300 lb./in.z
Although applied with bemeficial results it does not remove the dust
completely.

While it 4s much better to deal with dust at its seurce,
this is not always possible, or is only partially succeasful.
Separation of the dust from the air must then be carried eut through
the agency of mechanical, electrical, or thermal forces.

Mechanical methods involve gravity settlimg tamks and elutriators.
Under this heading come cyelomes, scrubbers, ete., which depend on
the inertia of the particles, These methods are very effective
in removing larger particles with relatively high inertia but are

not so efficient with small particles in the range pesponsible for
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pneumoconioais,

The dust~laden alr generated by the minimng processes can
be purified by drawing the air away by an eir draught either to
a place where it can be harmlessly discharged or te a filter or
separator of some kind where the particles can be removed.
Mechanical methods have the greatest application, but aeparation
by thermal diffusion is another possibility fer small particle-
size ranges. The electrostatic precipitator is also much used
to remove airborne dust, but it has the disadvantage that it

constitutes a fire hazard in mines.

Object of the Research.
Although a great deal of work has been carried out in the

mines on the suppression of fine dusts by sprays and other means,
a review of the literature shows that very little has been done
on the suppression of airborne dusts by aqueous sprays under
controlled laboratory conditions.

The object of the research was to build apparatus suitable
for investigating the mechanism of sedimentation of fine airborne
eilica dust =znd determining the effect of aqueous sprays on the dust
cloud. Apparatus was built to generate a dust eloud eof aypruxina&.lr‘
reproducible concentration and sige distribution. A spray unit
was used to investigate the influence of different variables
(e.gs orifice of the spray nozzle and surface temsion of solution)
on the size distribution of the spray preduced. After calibration

of the spray unit, sprays with different characteristics could be
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injected into the chamber and their effect on the efficiency of
the dust cloud examined.
The concentration of the dust cloud in the chamber was measured

bys-

(1) the light extinction methodj

(2) the thermal precipitator.
The first gave a measure of the surface area of the dust cloud in
suspension, while the thermal precipitator enabled both the concen=-
tration in particles per cubic centimetre and the size distribution
to be found. The light extinction method was used in the initial
experiments, but owing to the lack of information om the size
distribution of the particles in the dust cloud the results obtained
by this method and the limited range of concentration, the thermal
precipitator was used in subsequent experiments to show how the
concentration and size distribution altered during sedimentation
and spraying, and also to enable tests to be carried out over a

wide range of dust concentration.
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SECTION 1

Investigation of Water Sprays.

The mechanism of atomisation, or disintegration of liguid
jets, has been investigated by many workeras in am attempt to obtain
a reiationship between the variables of an injection system and
spray performance.

The performance of the spray depends upon:-

(1) the §Me angle of the sprayj;
(2) the average droplet sizej

(3) the droplet size distribution;
(4) the throughput.

Ligquid 3jet disintegration at low velocity is fairly well
understood, btut the process of sudden atomisation at high discharge
velocities such as exist in an actual injection system has not
as yet been clearly explained nor quantitatively analysed.

The disruption of a liguid jet discharged from the orifice
of an atomiser with a certain velocity has been shown to be affected
by three factors, viz. (i) the initial disturbance of the liguid
flow in the stomiser, wﬁich sffects the turbulence in the jJet,

(1i) the properties of the medium into which the jet is discharged,
and (iii) the physical properties of the discharged liquids. Each
of these factors contributes to a certain extent to the process of
spray formation but the part played by each in the disruption of
the jet is as yet unknown,

A change in the physical properties of the liguid is known
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not only to have an effect on the process of droplet foimatien,

and thus on droplet size, but also to influence the spray indirectly
by an additional effect on the type of flow, whether laminar or
turbulent, through an atomiser. Owing to the difficulty of
separating these factors no definite conclusion ha® been reached

on their relative importance in the process of spray formation.

Rayleigh (28) offered one of the first theories of the dis-
ruption of a liguid jet when he made a methematical analysis of the
stability of a non-viscous }Jet and derived the condition for the
disyuption of the jet. The general conclusioms of Rayleigh's
work were accepted in later theories by Haelein (29), Weber (30)
and Castleman(3l).

In an analysis of spray formation Schweitzer (32) stressed
the importance of turbulent flow in the atomiser. This view of
primary disturbances and turbulent flow was shared alse by lehlig(}))
and Oschatz (34). Mehlig attributed the spray formation to the
radial components of liquid velocity existing im a turbulent flow,
while Thiemann attributed the disruption of the jet to increased
relative velocity between the outer liouid layer and the air owing
to turbulence.

Holfelder (35) and Haenlein (29) observed, by means of high
apeed photogr:phy, the disruption of a liguid ag; as the discharge
velocity increased. The results of these experiments have been
confirmed theoretically by Weber's calculations for the initial

stages of jet break up. HNukyama and Tanasawa (36), by their
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photographic studies of spray formation, distinguished three types.
of jet disintegration as the velocity of discharge increased.

In general the action of the liquid viscosity and surface
tension oppose the disintegration of a liquid jet. High viscosity
decreases the rate »f brecking up of distortione of the droplets
formed initially and increases the final droplet sigze. According
to Hinze (37) the action of surface tension is twofold. In the
initial stages of the development of surface distortions imnte
ligaments, and & the deformation of the droplets, surface tagaian
opposes the process, but assists in the final stages of disruption.
3ince, howaver, the development of the initiazl stages of formation
of the distortions is important for atomisation teo proceed, an
incresse in the liguid surface tencion will cause a decrease im
the efficiency of atomiasation. The lmportance of surface temsion
in the mechanism of atomisstion has als9 been streesed by Klusener
(38) and Littege (39).

Since insufficient information was available to enable us to
estimate the changes in spray characteristics produced by varying
conditions of orifice size, surface tension etc., it wee necessary,
in order to understand the effect of differemt sprays on the efficiency
of suppression of airborme silica duat, to investigate the behaviour of
the sprays when certain charscteristics oi the spray nozzles and liquid
were altered.

Two types of water sprays were investigateds-

(1) the liguid pressure or hydraulic spray;

(2) the compressed-air-operated spray.
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Experimental.

The two types of sgray investigated were attached to apparatus
which enabled the pressure of the liguid in one case, and the
quantity of air and water in the other, to be controlled and measured.

Ligquid Pressure Spray.

The nozzles for the liquid pressure sprays (Fig. 1) were the
same as those used in commercial insecticide sprayers and comsist
of two parts, one screwing into the other. The water is forced
under pressure along s helical groove in the inner part and omt
through an orifice in the ocuter chamber.

Orifices of different diameters were drilled in the nozzles
so that their influence on the spray produced could be investigated.
Four of the nozzle chambers were drilled to different diameters,
but in three of these (Ros. 2-4) .the same heligal groove was used.
The nogszle diameters sre shown in Table 1. The apparatus used
with the liquid pressure nozzle is shown in Pig 1 and comsists of
a hand-operated commercial plunger-type pump fitted to a pressure
vessel., The output from the vessel passes along a length of pressure
tubing to the spray nozzle. A screw clip on the tubing enables
the spray to be turned on and off as desired. The pressure
tubing is connected by a T-piece to a pressure gauge which shows
when the vessel has been pumped up to the required pressure. The
pressure is maintained at this value by occasional manipulation of
the plunger.

It was found convenient to use water in the pressure range
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Table Ho. 1.

Characteristics of Different Spray Kozzles.

Gone
Nozzle No. Orifice Dliameter Angle of K
Spray
1 .0134 1in. 30° 8.88
2 .0142 in. 30° 8.91
3 .016 1in, 40° 11.58
4 .020 1in. 90° 16.26
“.*‘

Table No. 2.

Effect of Different Collecting Medias on Droplet Lifa,.

Droplet Medium

Collaoting

Med 1um

Silicone Fluid MS BEO

—~q
Hydraulic Fl

Water

Water + 0.5% L4saapol
NDB

water + 0.5% Alcopol O

24 mina
18 minse

4 mins

12 mins
2 mins
Immediate

aggregation and
spreading.
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30 - 80 lb./in.2 to give the most reproducible figures for atomisation.

The pressure vessel was not designed for pressures greater than

80 1b./in.°

Compressged-air-operzted Spray.

A spray nozzle as shown in Fig. 2 is constructed from a stain-
less steel hypodermic needle and sheath to enable a fine water nist
to be generated by low-pressure air. The apparatﬁs used is shown
in flow disgram form in Fig. 2. The air, supplied by a blower of
variable output, passes along a length of pipe before passing
through an orifice plate, which had been previously calibrated in
cubic feet of air per minute, and finally enters the spray nozzle
to atomise the water.

The water is supplied from a messuring cylinder contained in

a pressure vessel. The pressure vessel is maintained at 7 lb./in.2

by compressed air. The vessel iy fitted with an escape valve set
to 7 lb./in.2 and mounted alongside a pressure gauge. The quantity
of water reaching the nozzle is regulated by a calibrated needle

valve,
Analysis of Results.
Ligquid Pressure Spray.

The throughputs of the liquid pressure nozzles were measured
by spraying downwards into a measuring cylinder. The procedure
was repeated at twelve different pressures for each nozzle over the
range 10 - 80 1b./in.?

The experiuent was repeated using a 0,%% aqueous solution of
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a S/A agent to form the spray.

The plot of throughput (V) of water in c.c.s/min againet the
square root of the pressure (“f?) is shown for each of the four
nogzles (Graph 2). In each case a straight line is obtained and
this agrees with results obtained by Doble (40), who showed that
for pressure sprays

v/NP « K.

The results for water and solutions of $/A agents are
presented in Table 3 and show that the inclusion of the 8/A agent
in the spray solutiém does not alter the throughput, The value of
K for each nogzsle is shown in Table I.

Droplet-S8ize Distribution.
The droplet-sige distribution characteristics of sach spray

were found to be reproducible, provided that a sufficiently large
number of droplets was counted, Both types of sprays investigated
had the advantage over those used by Mmssie (41) that the conditions
could be accurately reproduced.

The sprays were sampled by clamping the spray nozzle on a stard
on & large metal tray so that the spray was ejected vertiecally
upwards, the throughput falling back onteo the tray. The droplets
were collected in a silicone oil film (42) on 2 microscope slide.
The slide was passed through the body of the aspray with a amooth
tiorizontal asction, with the gilicome o0il film facing the directien
in which the droplets were rising., The sample was extracted from

the spray at a distance of 18 in, from the nosgle. It was important



Table No.

3e

Variation of Throughput with Pressure,

Precsure Gee8/min e.Ce8/min C.0.8/min ce0.8/min ]
2 Throughput Throughput Throughput Throughout
1», /in, No. 1 Ho., 2 Ko, 3 No. 4
77 7L I L e L
P VP |water agent | Water (agont | Water |agent | Water {agent
10 3.162| 33 35 31 30 37 37 b2 64
18 3.873| 41 38 38 3648 48 42,8 66 ea
20 4.472| 4B 42 44 43 64 49 i 82
30 5.478 B3 53 62 53 64 é2 23 | 102
40 é6.3528| 068 63 59 63 76 74 116 | 118
45 €.71 63 67 63 66 B0 79 124 | 128
6O 7.071 69 69 66 68 84 o2 129 133
&6 7T.416; 72 738 €9 73 as 7 138 | 137
60 T.747| 75 78 72 72 20 98 142 | 148
70 B.386| B8O BO 8 75 96 R 162 | 152
76 B.66 82 83 7. 79 101 106 160 | 160
80 B.,946| 84 | B6 79 | 81 104 | 208 160 | 161
S—
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to sample at the same he{ght each time since atomisation increases
with the dizstance from the spray noszzle.

To construct a distribution curve for a particular spray nozzle
operating under certain conditions, it was necessary to.count 400
droplets under the microscope. Since evaporation and aggregation
of droplets was taking place zll the time, only 50 droplets on each
slide were counted and eight slides used in the construction of a
size-distribution curve. The effect of evaporation and aggregstion
wae more pronounced when a S/A agent was present in the sprays. The
average life of the slide of droplets of 100 microns diameter is
shown in Table 2 for a hydraulic fluid and for silicone fluid. Other
oils showed the same behaviour to the droplets as hydraulie fluid.

It is obvious from the results (Table 2) that the silicone
fluid is a much better medium for eollecting the droplets than the
hydrsulic fluid and allows sufficient time to count 50 droplets
before aggregation, evaporation, and spreading on the oil prevents
true results being obtained.

Average Droplet Sige.

When considering the fineness of different sprays it is useful
to introduce some "mean droplet—size" which, while giving an indi-
cation of the degree of atomisation, still has a physical significance.
The introduction of a mean droplet-sigze is equivalent to the replacement
of the actual spray, composed of droplets of different sizes, by a
fictitious spray in which sll the droplets are of the same size,

equal to the mean droplet-size. This spray may however still possess
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certain features of the actual spray that are important from the
point of view eof dust suppression. The arithmetic mean diameter
Z(ND)/¥ is used to represent the spray.

Effect of Pressure on Droplet Size.

The four nozzles used with the liquid pressure spray were
investigated to discover the range of dreplet size obtainable by
altering the pressure,

The droplet-size distribution curves for nozgle Nal at different
pressures with and without a S/A agent are shown in Graphs 3 and 4.
The curves obtained showed an increase in atomisation as the pressure
of the water was raised from 32 to 78 1b./in.° Similar curves
were constructed for nozzles Ho.2, 3, and 4 and it was seen that the
sige-distribution curves, for the nogzzles, for water alone at 62 and
78 1b./in.2 lie close together indicating that no great improvement
in atomisation is achieved by increasing the pressure above éz.liltn.z,
i.e, the maximum atomisation achieved by increasing the pressure is
reached at ca. 78 lb./in.2 With the equipment used here any
increase in pressure would not be expected to produce much change in

atomisation.

Effect of Orifice Diameter on Droplet Size.

It would be expected that for nozzles No. 3 and No. 4, where
the throughput is greater, the average droplet size would be increased
for the same pressure. Thies is not so, however, as can be seen by
inspecting Table 4, which shows the average droplet size at different

pressures. As the orifice diameter size increases te 0.016 1nb‘for



Tableo No, 4.

The Effect of Pressure and S/A Agent on Droplet Sige.

Hozzle No.

Pressure 1b./in.?

S/A Agent

“Werons

Average Droplet 3isze

et |

-

1

78
82
46,5
32
K4
62
46.85
32

78
82
46,5
21
78
ée
46.5
21

8
82
32
78
é2
32

78
ée
32
78
e2
32

0.5% ¥DB
0.8 DB
0.8% NDB
0.5¢ XDB

47 .8
58.2
68,86
89.8
44.1
49.3
52,0
66.8

43.3
44.4
58.6
80

37.7
38

44 .8
68,7

43.6
$1.8

42.7
52456
B8.6
40.8
43,56
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noszle %o.3 and 0,020 in. for nozsle No.4 the average droplet
sige becomes smaller. This 18 explained by the angls of apray
being greater for norslea Ko.3 and Fo.4 than for nozzles No.l and
Ho.2 (Table I). A greater air surface is therefore presented to the
apray and more effective atomisation takes place. An increase in
spray dispersion has normally a beneficial effect on atomisatiom,
by incressing the amount of air involved in the disintegration
process, and by decreasing the demsity of the spray (ratic of liguid
to air by volume in the croas section of the spray, which prevents
collision of droplets) fThe effect of pressure on the cone angle
is not appreciable provided that the pressures are alresdy high
saough to produce a fully develoyed spray come. In a swirl atomiser
of the type used the ratio of mean tangential velocity to mean axial
velocity determines the spray come angle. The incluaion of a 8/i

agent in the apray solution did pot alter the come angle of the spray.

Surfuce-sgtive Agents.

Wetting agents or deteryents are chemical substances containing
polar molecules, soluble in water at one pole (hydrophilic) amd
insoluble at the other (hydrophobiec). The hydrophilic poles are
made up of radicals of oyclic hydrocarbons (aromatic), lt!‘t‘ht-‘huil
aliphatic, or combinations of both, whilst the primcipal hydrophilioc
H or -50, Na. Inm

5 3
the wetting-agent solution the molecules orient themselves with the

radicals are the groups -0H, -COOR, -50201. ~30

hydrephilic end of the molecule in the interior of the drop and the

hydrophobic end at the surface. In this way they mass themselves
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at the interphase boundary,.e.g. water-air,

The surface tension of such solutions decresses, with increasing
concentrations of the wetting agent, to a minimum value which depends
on the kind of product used., Even when the contact time is relatively
long, the surface tension of the solution can only be an indicationm,
as theory and practice show, that the wetting power is not solely
a function of the surface tension, but the nature and alse the state
of the surface to be wetted have their importance.

Chemically there are two classes of S/A agents, the ionic
and the non-ionie. The non-ionic class has non-ionisable end-
groups, with a high affinity for water usually containing a number
of oxygen, nitrogen, or sulphur atcms. The ionogenic class of
agents has two main divisions. If the portion of the molecule
with the low affinity for water is included in the anion in agueous
solution, the substance is termed aniomic, The cationic S/A agents
form a cation containing the low affinity portiom of the molecule,

The S/A agents used in the atomisation and dust suppression
work were selected from a number of the better known types. The
commercial name of the compound used is given in brackets.

Pype 1. Sulphated vegetable oils (Calsolene 0il HS)
2. Sulphated fatty alcohols (Lissapol ¢)
3. Sulphonated alkyl amylsulphonates (Perminal BS)
4., Long-chain amide sulphonates (Lissapol LS)
5. Salphosuaccinic esters {ilcopol 0)
6. Bsters and ethers (Lissapol N, Labrel W)
7. GQuaternary ammonium compounds (Fixapel €)

The above compounds were chosen to include znionic, cationic, and
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non-ionic S/A agents.

Lissapol NDB (a dilution of Lissapol N, am alkylated ethylene
oxide condensate) was used in the initisl experiments to show
the effect of the alteration of surface temsion on the characteristics
of a spray. This non-ionic S/i agent is mamufactured by I.C.I. Ltd.
and is Tecommended for the suppression of dust in mines (43). The
variation of surface tension of an squeous solution of Lissapol
NDB with concentration is shown in Graph 5. The surface temsion
of the solution drops steeply to 0.15% Lissapel NDB, corresponding
to a surface temsion of 30 dynes/cm. The concentration chosen for
uge in the formation of sprays was 0.5% which gives a solution of
minimum surface tension with excess Lissapol NDB present.

The size distribution curves obtained fer sprays formed from
a 0.5% solution of Lissapol NDB (Graph 4) show a variation from those
formed from wa.jf;er alore, The greatest variation is obtained at low
pressures, i.e. at 32 and 46.5 lb./in.z, while at 62 and 78 lb,/ia.z
the increase im atomisation is not so great, This is as might be
expected, since it is reasonable to assume that as the forces taking
an active part in the disinteg;ation of a liquid jet inerta?e and as
the energy ava?lable for the formetion of the droplet increases in
relation to th? energy actually needed, then the effect of the ligquid
properties (vi%cosity, surface tension etec.) on atomisation will be
reduced,

The incréase in atomisation due to the inclusion of the s/g agent

in the spray solution is shown in the average droplet sige preduced
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(Table 4), the increazse being more pronounced at lower pressures.

Effect of Concentrstion of S/A Agent.

Sprays were formed from different concentrations of Lissapol

KDB, the concentrations being chosen to give a range of surface
tension and also to give different concentrations at the same .
surface tension. The concentrations used were 0.02%, 0.2%, 0.&?
and 1% and the pressure used to form the spray was 46.51b./ia.2
This pressure was chosen because the surface temsion had been found
to have a grsater effect on the size distribution of the droplets
formed at this pressure than at higher pressures, for the reasons
already discussed (p.26). The effect of varying the concentratioms
of the S/A agent was investigated for nozgzle Ko.l and the results
obtained (Graph 7 and Table 5) illuatrate the improvement with
decrease in surfece tension. fThe greatest atomisation occurs at
the highest concentration, 1% Lisasapel NDPB. The distribution
curves for 0.5 and 0.2% Lissapol NDB solution are seen to be in
good agreement as would be expected since both these concentrations
result ip approximately the same surface tension.
The curve for 0.02% solution of Lissapol NDE shows an increase
in atomisation over that of water alone, but the increase is not se
great as that experienced with the higher concentrations of Q/i agent.
This is again what would be expected, since the surface temsion
of the 0.02% solution is intermediate between that of water and that
of 0.2f Lissapol HDB solution. This effect is also showm in Table 5

where the average droplet sigzes Of the spruys formed from the



Effect of Concentration of 3/A

Table Ho. Se

Agent on_ Average Droplet Sipge.

g | Come. of

¥ozzle No. | Pressure 1b./in. | S/A agent
1 46.5 1£ NDB 20 51.3
46.5 0.8% HDB 29 61,0
46.F 0.2% NDB 30 56.0
46.5 0.,082% NDB 50 70,8
46,8 water 72.8 64,5
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different concentrations of the S/A agent are presented.

If one considers the range of droplet size produced in any
one spray and the effect of the liquid properties on that range,
it can be seen that there is little change in the mode of the
size distribution curve with variation in surface tension, although
the height of the curve may vary (ef. Graphs 3 & 4.). On the
other hand the size of the biggest droplets encountered in a
spray will be closely related to the surface temsion of the solutien
used. It may be generally stated that high surface tension or low
pressure promotes the formation of bigger droplets and decreases

the degree of spray uniformity.



pffect of other S/A Agents.

The work on the effect of Lissapol KDB on spray character-
istics was repeated with spray nozzle No.l for the other S/L
agents used in the dust suppression work.

1t was found, as with Lissapol HDB, that the S/A agent did
not affect the throughput of the nozzle nor alter the cone angle
of the spraye. Size distribution curves were constructed and
average droplet sizes calculated for the different 5/4 agents at
different water pressures with the same nozzle (No.l).

The values obtained for the different droplet sizes are
presented in Table 6., It can be seen that the atomisation
increases with (i) pressure and (ii) the use of a small concemtration
of a S/A agent.

The effect of the different S/A agents appears to be the
same showing that surface tension is the only factor invelved in the
atomisation, the class of S/A agent being unimportant. Tho
exception to this is Fixanol C which gives a lower efficiency of
atomisation,

These results show that it is possible to carry out spraying
rung on the dust cloud to compare the effect of the different classes
of S/A agent since the degree of atomisation of the solutions of
the different 8/A agents are the same within experimental error.

The Compressed-air-operated Spray.

The results for the compressed-air-operated spray will not be

reported in the same detail as those for the hydraulic spray since



Table No. 6.

Effeoct of Different S(A Agents on Atomisation.

Average [poplet

Size (¥lorons) —_-

S/A Agent Pressure 1b./in.

32 L 46.5 62 T 78:-—
Water 90 68 .5 58 4f
Lissapol NDB 66.5 52 49 44
Pixanol © 79 68 56 49
Aleopcl O(mqg) 67 67 63,8 44.5
Aleopol O(al) 64 B5.8 51.8 47.5
Sterox SK 66e B 56 b4 439
Iabrol ¥ 64.5 56 46.5 49
Calsolene 011 a7 67 536 50

HS
Tlsappol C 65.6 57.6 49,8 44
e e
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no spraying rune were carried out'to estimate its efficiency im
suppressing dust. Compressed air sprays have been shown te
be the most effective type in suppressing dust at its source
(44, 45). 1Its action is twofold:-

(1) The dust particles are knocked down by the spray droplets.

(2) The air used in atomisation dilutes the dust cloud and
gives the impression that the efficiency of dust removal is high.

The spray droplets formed by the air spray were sampled in the
game way as for the h&draulic spray, 400 droplets beings sized on
eight slides coated with hydraulic fluid.

The values for the average droplet size obtéined were plotted
against the ratio of air to water leaving the spray nezzle. The
plot obtained is shown in Graph 8. It can be seen that it is pessible
to obtain a family of curves which will enable different conditioms
of water and air throughput to be selected to produce a spray with
a known average droplet size, The atomisation obtained by the air
spray is mich greater than that obtained by the water pressure spray,
but to achieve this high atomisation the ratio of air to water used
has to be very high. The slope of the line through the points of
equal water throughput is seen to decrease as the water throughput
inereases. Phis is in agreement with the results obtained with
hydraulic sprays, namely, that as the energy supplied to the process
of atomisation increases in relation to the energy actually required,

no great improvement in atomisation results,
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Size distribution curves obtained for a throughput of 9.5 c.c.s/
min show the range of droplet size obtainable using this type of
spray nozzle (Graph 9). Ho droplets smaller than 4 microns
are detected because of the high rate of evaporation of such small
droplets.

It was decided not to use the compressed-air-operated spray in
the dust suppressiomn work since the large volume of air used in
the atomisation process would introduce complications difficult

to estimate.
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Conclusions.

Pwo types of water sprays, (1) hydraulic or water-pressure
and (2) compressed-sir-operated, have been developed and calibrated.
They were found to give sprays with reproducible sigze distribution
and average droplet size.

The compressed-air-operated spray was c&p&blg of producing
much finer droplets tut the volume of air used in the process of
atomisalion rendered it unsuitable for use in the dust chamber.

The water-pressure spray was investigated thoroughly and the
atomisdion was found to increase when (1) the pressure of the water
was increased, (2) the orifice diameter of the spray was inereased
over the range investigated, and (3) a S/A agent was added to the spray
solution, The effect was more pronounced at lower preaéure.

The atomisation was found to be independamt of the type of SA

agent used. ;n apparent exception to this was Fixanol ¢, which did
not give as good atomisation a'; the other $/A agents,

The atomisation increased with increase in concentration for
Lissapol NDB. A slight increase in atomisstion of 1% solution was
detected over that of the 0.5% and 0.2% solutions of Lissapol NDB

which have the same surface tension,

e~ e et

The increase was not great and could be due to experimeamtal

arrorY.,.
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SECTION 2

The Development of Apparatus and Experimental Method.

The photometric method of estimating concentration, develeped
by Wagner (46) and Richardson (47), in which light energy is measured |
by a sensitive photometer, may be zsdapted to the determimnation of the
specific surface of a powder in suspension by a single photometrie
readinyg, or, alternatively, to the determination of the size frequency
of the material from a series of readings taken over a period of time
a8 the sample settles. The light traversing the suspension is measured
by a photometer and the reduction in light intensity is related to
the specific surface of the particles in the suspension in such a way
that the mesn projected area of a particle of any shape in random
motion is equal to one quarter of the geomatric surface of the
particles. Berkelhamer (48) used a device based on ‘this principle to
measure rates of sedimentation, as did Schweyer (49) and Skimnerlgg.sigwj
(50). Davies (51) and First & Silverman (52) foilowed the sedimentation
of a dust by collecting samples on microscope slides during the
sedimentation and measuring the particles.

The apparatus used in the work described here incorporated
modifications which allowed measurements of the concentration and
size distribution of the dust cloud to be made. The photoelectriec
cell system used was similar to that employed by Massie (41). The
light extinction method gave results on a comparative basis fdr the

measurement of the dust cloud. Te obtain information on the sise
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distritution of the dust and the concentratiom in particles per
cubic centimeter, a T.P. was built inte the apparatus. The T.P.
head could be lowered to any depth in the dust chamber, a sample of the .
dust cleud withdrawn, and the mieroscopic cover cirecles mounted on a
slide for examination.

Dust Sedimentation Chamber.

The chamber was much larger than that used by Massie(4l), which
had a cubic capacity of 12,000ccs8, and was built in the form of a
cylinder, 5 feet in height and 18 inches in diameter. This size
and shape was chosen after preliminary experiments and has the
following advantagesi-

j ¥ The wall effects on the dust in suspension in the chamber
were reduced.

2. A sample of the dust could be withdrawn by means of the
T.P., without causing a serious decrease in the concentratiom.

3. Sprays with larger throughputs and spray angles could
be used (i.e. nearer to actual mining conditions) without too great
a loss in efficiency owing to droplets striking the sides of the

chamber,

4. The amount of dead space was reduced by making the chauber

cylindrical rather than square.

Construction of the Chamber.

The top of the chamber was fitted with a circular cover amnd

a conical base fitted to assist drainage. Both of these were

fitted with rubber gaskets and held in position by eight bolts and
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winged nuts,

The chamber was coated internally with matt black paint to reduce
light reflection and suspended from a welded frame structure by four
lugs situated half-way down the chamber. Care was taken to hang the -
chamber truely vertical before it was bolted inte position eon the frama.
A small observation window was built on the front of the chamber to
permit inspection of the dust cloud and spray. A two=bladed fanm,
length 15 inches, was made from aluminium sheet and fitted through an
aperture in the roof. A drawing of the chamber is shown in Fig. 3
and & photograph shown in Plate 1l. e

The Photoelectric Cell Unita.

The design of the photoelectric cell units was based upen that
used by Smellie (%%) to measure the dispersabilities of mine stome
dusts and further developed by Cumming, Fumford amd Wright (54) for
experiments on the dust produced by various types of tetryl. The
apparatus was modified by Massie (41) to enable smsll concentratiens of
dust to be estimased. Three phutoelectric cell units were spaced
at intervals down the length of the chamber to record the concentration
at different depths in the chamber and also to act as a check on each
other.

A photoelectric cell unit is shown in Fig. 4. ‘The lamp
housing (A) contains a 6V, 64 sutomobile headlamp (B) and is attached
to a compartment (C) which is bolted onto the dust chamber. This
compartment (C) helps to prevent the deposition of dust on the lens

by separating the lens frowm the duet chamber. The lamp is supplied
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from a 12V accumulator and the light from the 36W lamp is transmitted
through the chamber by & collimating lens (D) which concentrates
the beam and makes it parallel. No windows were built into the
side of the chamber but & clearancewas left at the entry and exit
of the light beam to the chamber. The lens can be cleaned while the
apparatus is in use by means of a wiper (E) which can be rotated
over the surface of the lens. Opposite the lemns is fitted a barrier
layer photoelectric cell (P) and opposite the lamp is fitted a similar
end compensating cell (G) balanced with the firet. The photocells are
connected in opposition aeross a d'Arsonval mirror type galvanometer
having a resistanece of 57 ohms and s sensitivity of 332 mm per
mieroamp at one metre. The amount of light reaching the cells can
be adjusted by two rectangular pieces of metal (H) which have difforoﬁt
diameter apertures drilled in them. The cells are housed in eylinders
which exclude stray light from the observation window in the front of
the chamber. A zero reading is obtained on the galvanometer by use
of a fine adjustment (J) consisting of a thin strip of blackened foil
(11 mm wide) which may be rotated in the path of the light beam.
In compartment (C) a holder is fitted to support neutral demsity
filters of various degrees of transmission. The circuit diagram

for the three photoelectric cell systemsia shown in Fig. 5.

Thermal Precipitator Unit.

The structure built into the dust chamber to accomodate the T.P.
and to allow it to be lowered to any depth in the chamber is shown

in Fig. 3. It consists of five feet of ceopper tubing, one inch
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bore, through which the electrical cable and condenser tubing is

led and attached to the T.P. head. When not in use the T.P. head
is withdrawn into the compartment (B) which is bolted to the top

of the chamber over a rectangular opening. The compartwent is
fitted with a sliding door which is closed omto the rubber gasket,
wﬁen the T.P. is in the chamber. When the T.P. is withdrawn from
the chamber the compartment is sealed off from the chamber by

a sheet of blackened aluminium held againat the chamber tep by

the rubber gasket. To prevent escape of the dust to the atmosphere
a rubber seal is attached to the roof of the T.P. compartment and
the rubber tubing passed through the seal which is made from a piece
of 1/8 in. rubber sheet with a 3/4 in. hole. The remainder of the
T.P. unit is standard equipment and is operated in the manner

recommended by Casella(55).

Voltage Supply and Lamp Circuit.

To obtain accurate results from the above apparatus it is
necessary to provide a stabilised voltage supply. The circuit
diagram for this purpose is shown in Pig., 6. The power for the °
three lamps is supplied from a 12V accumlator which is constantly
charged by a trickle charger. A voltmeter is connected across
the lamps so that the voltage eupply to the lamps can be checked and
adjusted by means of two rheostats arranged in series with the lamps.
By altering the voltage across the lamps the intemsity of the light

source can be controlled and the output from the photoelectric cells
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altered.

Apparatus for the Production of a Fime Dust Clond.
Massie(4l) prepared dust samples of known sharply graded sisze

below a maximum of 10 microms for his sedimentation work. “This
nethod consisted in suspending ground sand in water containing 0.05%
"Digpersol” wetting agent and obtaining the desired size fraction

by cureful ssdimemtation. The procedure, although successful,

was laboriocus and time consucing.

¥or the work envisaged with the new dust chumber this method
of preparing a dust sample had two dissdvantages:-

1. The quantity of dust required for the large chaxber
rendered the liguid sedimentation impracticable.

2. Since the object of the work was the 1nvplt15ut1gn of the
wetting of silica dusi with agueous sprays, it was comsidered ilnad-
visable to have the dust particles in contact with water and a
8/A agent previous to suspending it in air.

The apparatus emrloyed with the chamber just described is a
modified form of that used by Deutrebande et al.(56) amd is shown
in Fig. 7. Low pressure air is s .pplied by an air blower to the
dust container in the apparatus, The air enters the dust container
through three small bore copper tubes, creating a vortex which lifts
the dust up through the elutriator chamber, tarough the oyclone
separator and inte the dust chamber. Using this method only the
very small particles reach the dust chamber and give a dust oloud

wiich will remaim in esuspension over a sufficiently long time to

-
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enable measurements to be made. The concentration of dust in the
chamber can be varied by altering the duration of blowing.

The ability to reproduce dust concentrations with this apparatus
allowed spray efficiencies to be compared at similar concentrations
of dust. The sige range of dust obtained at the end of one hour's
sedimenting was also found to be approximately reproducible and"aa
in the range 0.4 micron (limit of resolution of the Vicker Projection
Microscope) and 6 microns. This range of particle size was
considered suitable since the size range 0.2 to 10 microns is believed
to be the most dangerous and the most difficult to remove from
suspension in air.

The dust used to generate the cloud was MSC silica dust, a
commercial grade of ground silica from Coed Talon, North Wales
(supplier, Colin Stewart, Winsford, Cheshire) which had the following
composition: -

8102(quarts) . 92.35%

Pe205 - A1203 7.65%
The density of the ground silica was 2.61 gs/ce. and the particle
sige was 95% by weight <5 microns. The MSC dust was dried at
120%¢ for 24 hours and kept in a desiccator until it was required.
The size range of the dust cloud produced by the apparatus is shown
in Table T compared with the size range of dust present inm a
bituminous coal mine.

Operation of Apparatus.

The voltage across the three lamps was adjusted to six velts



Table No.7

Comparison of Dust Cloud formed by Apparatus with that in a

Ld
Ppust Cloud Prepared by Apparatus [Dust in Bituminous Coal Mine.
Size in Microns Percentage Number Size in Microns |Percentage
Od = 8.8 26.2 0.8 or less c.65
0.B - 1.6 5Re.2 Do = 1 30
1.6 - 2.4 1849 l - 2 4 - 9
2.4 - 3.2 27 <2 M“
3‘2 - 4.0 009 -
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by means of two rheostats, for coarse and fine adjustment respectively.
The photoelectric cell systems were left for twe hours to settle
down and the gero drift messured during this time, After the two
hours the first pair of photoelectric cells was linked to the
galvanometer, and adjusting the amount of light reaching the cell
on the near side of the chamber by means of a strip of blackened
foil, the cells were balanced against each other to give a zero
reading on the galvanometer.

The photoelectric cells were calibrated with Ilford gelatine
neutral density filters ranging from 25% to 85% transmission. A
piece of ovtically flat glass was used to give a further peint at
94% transmission. This enabled a graph of galvanometer deflection
against light transmission to be drawn and showed if a linear response
was being obtalned. Extension of the straight line section of thie
graph (see (raph 9 to zero transmission gave the deflection for the
light paseing through the chamber with zere interference. After
calibrating the photocelle in this way the slides on the chamber
were closed to prevent dust reaching the lensec and cells and also
to prevent it escaping to the atmosphere. The fan was switched om
and allowed to run for 15 seconds before the dust was blown in.,

The dust was blown in for the required time interval, (i.e. from
15 seconds to one minute), the fan running all the tine.' The fan
was allowed to run for a further 15 seconds after the dust generator

was switched off. The slides were withdrawn to allow the light to
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traverse the dust eloud and galvanometer readings taken at 10
minute intervals over the period of sedimentatiom. A graph of
these readings against time gave the sedimentation curve for the
dust (Graph 10).

When a test was being carried out to study the effect of a
spray, the procedure was the same up t0 55 minutes after charging
the chamber with dust. At this time a further reading was taken
and the slides were closed. The spray was added at the end of
one hour. After the spraying was completed the slides were again
opened and readings taken on the galvanometer over a further pekied
of one hour when the procedure for spraying could be repeated.

Comparison of the plot of actual galvanometer deflection against
time, or percentage galvanometer deflection against time for
sedimentation alone, and again for sedimentation and spraying, showed
the effect of & spray on the conecentration of an airborme dust.
Application of a form of the Beer~Lambert lLaw, as described in the
next section, to the results obtained before and after spraying,

gave the percentage reduction in the surface area of the dust cloud.

Pheoretical

Congider Fig. 8 in which is shown a vessel length L measured in
the direction of the light beam containing a suspension of powder
of concentration ¢ gs/ce. Across the cell is projected a beam of
light, of cross section A square units, having an incident energy’
of Io units. Within the cell is an element of suspension of

length dL measured in the direction of the light beam. Now the
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following relationships apply.
Light energy falling on the element = IA (1) and similarly light
energy leaving the element
= I(A - effective projected area of the particles in the beam)
v Ik = & Z‘E K_ uxz ) (2)
where k depends on the shape and orientation of the particles, N is
the number of particles of diameter dx in the beam and lx is the ratio
of the light—obscuring power of a particle of diameter dx to that for
the same particle if the square law of geometrical optice were
applicable.
N = adL Cn (3)
where n is the number of particles of size dx per g of powder and
the other symbols are as before. The energy leaving the element
ma; be written in the formi-
Energy leaving the element = A(I + 4I) (4)
where I + dI is the average energy density over the area of the beam.

Then on substituting equation (3) inteo (2) and egquating to (4)

we obtain,
A(T ¢+ 4I) = I(A - kCA dLjE: L& ndzx) (5)
or % by a et
T == kC ax.z. K Nd_

which on integration leads to
d ot
loge Io/I1 = kcL}E. K nd_ (6)
Consideration of the derivation of these equations will show that
the follewing assumptions are made:-
(1) The particles are absolutely opagque.

(2) fThere is no reflection between the particles and the walls
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of the vessel.

(3) Any deviation in the light-obscuring power of a emall
particle from that given by the "sguare law™ is covered by the factor
Kx’ which should thus depend upon the particle size, wavelength of
light, refractive index of particle and fluid, etecy but not upon the
physical size of the apparatus.

(4) The concentration of the suspension is such that no two
particles, within the element of suspension dL thick, fall on the -
same line parallel to the light beam.

From the last condition, which must be true as dL—>0, the
integration of equation (5) is valid for all values of concentration.

The light extinction method can be used to compare the concentra-
tion of the dust cloud before spraying with the concentration after
spraying. If I, is the intenaity of the light beam in the absence of
absorption by particles and IB and IA, the transmitted intenaities
before spraying and after spraying respectively, then the ratio of
the projected area of the particles present in the beam after spraying
to the projected area of the particles present before spraying is givem

by the expression:-

loge Io/14 LA
log, % R (1)

This expression for the ratio of the projected area alse represemts
the ratio of the surface area of the dust, since the mean projected area

of a particle of any shape in turbulent suspension is equal to one

quarter of the geometric surface of the particle (57). The expressien
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is subject to an error since it assumes that the valune for l&
is the Qame before and after spraying. A number of investigators have 1
shown that for particles from 0 to 5 microns the value for li varies
greatly with the particle size. (50,58,59). Subsequent investigations,
with the T.P. as described in Seetion 5 of this theseis, showed that
a change in size distribution did result due to spraying but the
change was not very great for a period of spraying of two mimutes
and the error due to the change was considered negligible compared
with the error in the apparatus.

Other sources of error in light extinction apparatus have been
exhaustively investigated by Rose et al. Rose and Lloyd (60)
showed that many of the sources of error encountered are eliminated
when the light sensitive receiver subtends a very small angle at the
centre of the suspension. Roee also showed that provided ‘.‘10
Io/1I, does not exceed 0.5, i.e., for more dilute suspensions the
error in the estimation of the projected area with apparatus, of
similar design to that used in this work, was 5%.

The s0lid angle subtended by the photoelectric cells was
0.0029 solid radians compared with a solid angle of 0°0115 solid
radians used by Rose, which was found to give satisfactory results
up to a value of 0+5 for log, lo/I.

The light extinction methoé of measuring concentration has its
limitations and should be emphasized at this peint’s

(1) The method is strictly applicable to particles whose

dimensions are large compared with the wave length of light. It is



42
generally agreed that the presence of smaller particles is underest-
imated because of the practical impossibility of eliminating all
forward scattered light. The total area of the particles is thus
itself underestimated.

(2) The method is one which measures particle areas. It
should be stressed that the expansion of the result involves additional
assumptions whieh are questionsble.

Specimen Calculation of Percentage Reduction im

The intensity of the light beam is proportiomal to the galvenometer
deflection since calibration of the apparatus shows a linear relation-
ship between light intensity and galvanometer deflection over the
range where the galvanometer readings are taken in the estimation of
the dust concentration. |

I, = Intensity of the light beam in the absence of abserption
by particles 64.8 cms.

IB = Transmitted intensity after 55 mimtes sedimentation and
before spray is added = 65.3 cme,

JA = Transmitted intensity after spray has been added.

Ratio. loge Io/IA = log, Io/I4A =
loge, Io/IB logy, Io/1B s35.
The figures above are for the spray run when water is spziwad

downward through the dust cloud for two minutes.
Water Pressure 62 1b./in.2
The results are for the top system of photoelectric cells.

log,, Io/IA
- - 10g(64.8/61.2) = log 1.058 = .0
log,, 1o/IB loaihd.8/585)  Tag 1.15% %
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... Amount removed by spray = 1=-.40
= 4.60
.. Percentage reduction in surface area o ﬁ_
Analysis of Results. Graphs 10 to 20

The effect of different dust concentrations on the form of the
sedimentation curve and the variation of concentration at different
depthe in the chamber was investigated and the results zhown in
Graphs 11 to 14. The sedimentation curve was comnstructed by
plotting percentage galvanometer readings against time. The initial
reading taken on the galvanometer five minutes after the dust had been
blown into the chamber was taken as representing 100%.

The chamber was charged with MSC dust by blowing for different
lengths of time, i.e. 15, 30, 45, and 60 seconds, to find the range
of dust concentration which could be obtained and also to show the
effeet of concentration on the shape of the sedimentation curve. The
three different photoelectric cell systems gave differemt original
deflections on the galvanometer owing to differences in the character- ~
istics of the cells the lamp tulbs and the housings for the systems.
This is shown in Graph 10.

The galvanometer deflections were converted to a percentage
reading and plotted against time to give the sedimentation curves
shown in Graphs 11 to 14. It was found that the percentage galvanometer
readings coincided for the three systems of photoelectric cells
showing that the variation of concentration with time was uniferm
throughout the chamber. Comparison of the sedimentation curves for

four different initial concentrations of dust (four different duratioms
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of charging) showed that the curves for the three highest con-
centrations of dust were almost identical. This proved that over
the range of concentration covered by the curves the rate of sed-
imentation was the same. The range of dust concentration covered
by these three curves was not great, however, If one exprogsod the
surface area of dust produced by blowing for one minute as 100%
then by blowing for 45 and 30 seconds the surface areas of the

dust cloud were 63.6% and 57%. The curve obtained by blowing for
15 seconds which gave a dust cloud with a surface area 34% of that
Qbtained by blowing for one minate showed a slower deeresse in
concentration with time, This suggested that aggregation was not
80 pronounced at this concentration as it was at the three higher
concentrations, ¥From the values given for the surface areas of the
dust cloud it can be seen that by altering the duration of blowing

from 15 seconds to one minute the concentration of the dust cam be

increased threefold.

Effect of Spraying.

The amount of dust removed by spraying was represented in two
ways. The graphs of percentage galvanometer readings againet time
were constructed for the spraying run and a plet of the type shown
‘by Graph 16 obtained. The vertical section of the plet represents
the yeduction in galvanometer reading due to spraying. Comparison of
the curves obtained (Graphs 16 to 20) ehows the ineréase in removal
with duration of spraying. The vertical section of the plot can be

converted to represent the percentage reduction in surface area of the
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dust in the chamber by application of the form of the Beer-Lambert law
described above.

The Effect of Duration of Spraying on Dust Concentration.

Pests were carried out to determine the variation of the amount
of dust suppressed by spraying for different lengths of time. The
chamber was charged and the dust allowed to sediment for one hour.
Spraying was carried out for 30 seconds, 1 minute, 2 minutes, 5 minutes,
and 10 minates. The results obtained for percentage galvanometer
reading against time are shown in Graphs 16 to 20. The reduction im
surface area was calculated for the three phetoelectric cell systema and
the results are shown in Table 8. The values for each photeeleciriec
cell system is shown as well as average values for the three systems.
Comparison of the results for the top, middle and bottom systems of
cells shows that there is no preferential removal from any section
of the chambex.

It was originally thought that it would be possible to distinguish
preferential removal of dust particles in the section of the chamber
nearest the spray nozzle, where the spray droplets have the highest
velocity. This effect, if it occurred, was masked by the turbulence
in the chamber and thorough mixing of the dust cloud by injection of
the spray.

The average values for the percentage reduction in surface area
of the airborne dust are plotted against duration of spraying and
Graph 26 obtained. ‘The graph rises steeply up to two minutes spraying
when it gradually flattems out to give a slower rate of dust removal.
The decrease in the rate can be explained by the fact that the dust

concentration decreases as spraying proceeds and thus the chance of



Effect of Duration of Spraying on Duat Glowd.

Table No, R,

Spray Nozzle No. 1,

Water Pressure 62 1b./in.

R T -~

Duration of Percentage Dust Removal i
Average

Spraying Top Middle Bottom

30 secs 27 .0 £24.85 24.6 26+3
1 min 45,0 43.0 36.0 41,0
2 mine 9.0 687.0 69.0 a.o
5 ming 62,0 83,8 B85 79.0
10 mins 94,0 98,8 98,0 97.0
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the water droplets striking the particles will also decrease. it
this were the only factor affecting the removal of the dust the
curve would be expected to conform to an exponential equation.
This is not so, as can be seen in Graph 26 since the exponential
equation which satisfies the valuea for 30 seconds, 1 minmute, and
2 minutes does not satisfy the values for 5 minutes and 10 minutes.
An additional factor which would contribute to the faster rate of
dust removal up to two minutes spraying would be the "knockdown" of
the larger dust particles by spray droplets. This would risult in a
greater reduction in projected area than would have occurred if a
smaller particle had been removed.

Thus the shape of the curve of percentage reduction in surface
area against time is governed by the concentration of the dust and

the size of the dust particle.

The Effect of Spraying at Different Times.

Two spraying tests were carried out. In the first, the dust
was sprayed for one minute after sedimenting for ene hourj in the
second, the dust was sprayed for 30 seconds at the end of one hour
and 30 seconds at the end of two hours. Prom the graphs of percentage
galvanometer readings against time for the two tests (Graphs 16 and 17)
it can be seen that the concentration at the end of two hours was
the same.

In this case the factors affecting the removal of the dust have
acted against each other. It would be expected that spraying at

the higher concentration would be most effective but this is ocancelled



sV

out hy the decrease in the rate of sedimentation due to the lower
concentration remaining after spraying for one mimute,
The Effect of Altering the Direction of Spraving.

The view has been expressed by Terrel (61) that very small dust
particles, too small to be efficiently wetted by spray droplets,
are brought down by a sweeping action caused by the passage of the
drops.

To demonstrate the extent of this effect the amount of dust
removed by spraying both downwards and upwards through the dust
cloud was investigated and the results obtained are presented in
Table 9.

These results show that no advantage is derived by altering the
direction of spraying. Some of the droplets formed by spraying
upwards will pass through the dust cloud twice -- once upwarda,
during spraying, and once downwards under the influence of gravity.
Any advantage which is derived by the droplets passing through the
dust cleud twice will be cancelled out, since the force of gravity
decreases the velocity of the droplets while they are rising upwards,
the result being the same efficiency of dust removal as is obtained
by spraying downwards.
gffect of S/A Agents.

In the investigation of the effect of S/A agents on the efficiency
of suppression of airborme silics dust by spraying, two S/A agents
were used.

(1) |Lissapol NDB is a dilution of Lissapol N in water. This
S/A agent is nom-ionic in aqueous solution and is an ethyleme oxide

condensate, It is classified as a detergent and wetting agent



Table No. .

Effeot of Altering the Direction of Sprayimg.

Spray Nozzle No. 1, Water Pressure 62 1b./in.2.

j
Direetion of Duration of Reduotion in
Spraying Solution Spraying Surface Area
—e N T P |

Upward wator 2 mins e1%
82%

Downward water 2 »ins
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and is recommended by I.C.I. Ltd. for dust suppression.

(2) Alcopol O is dioctyl sulpho suceinate and for the work
on the light extinction method for dust estimation, a solution of
the S/A agent in alcohol and water was used. This S/A agent is
anionic in solution and is classified as a detergent and wetting
agent.

0.5% solutiom of Lissapol NDB and Aleopol O were made up in
water and spraying rung carried out in the usual way, the spray
being added for two minutes after the dust had been allowed to
sediment for one hour. The reduction in the surface area of the
airborne dust by spraying was calculated for water, Lissapel NDB,
and Alcopol O. The results are presented in Table 10 and show
that at a water pressure of 62 lb./in? and a peiiod of spraying
of two minutes there was no increase in the efficiency of dust
suppression using a- 0.5% Lissapol NDB solution instead of water
alone and a 0.5% solution of Alcopol O resulted in & decrease in

efficiency of suppression,

Effect of the Concentration of a S/4 aAgent.

To show the effect of altering the surface tension of the
water used to form the spray, solutions of different concentrations
of Lissapol NDB were prepared and used. The concentrations chosen
were 0.015%, 0.1%, 0.5¢ end 2% by weight. The reason for seleeting
these concentrations can be secen from Graph 5, the graph of surface
tension against concentration of Lissapol NDB. 0.015% seolution
of Lissapol NDB in water corresponds to a surface tension inter-

mediate between that of water alone and the minimam surface temsion

obtainable for an aqueous solution of Lissapol EDB. 0.1% corresponds
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to the minimum concentration of the flat section of the graph of surface
tension against concentration. The 0.5% and 2.0% eolutions of
Lissapol NDB give the minimam surface tension for an agquecus
solution of Lissapol NDB with the 3/A egent present in excess.

The results obtained using these concentrations of S/A agent
are shown in Table 11 compared with the percentage reduction im
surface area of the dust using water alone. The results show that
no alteration of the efficiency of suppressiom of the dust is brought
about by using Lissapol HDB (0.015%, 0.1%, 0.5%, 2.0%) when the
pressure of the solution in the spray vessel is 6215/111? The

explanation of this will be dealt with later in this work (Sectiom 4).




Table lNo. 10.

Effect of S/A Agents on Duat Suppression.

Spray Nozxle Ho. 1,

Water Pressure 62 1b./in.Z2.

iedw tion
8/4 Agent Congentration | Surface Tension | Duration in Surface
of Spraying |Area
Water alone - 72,0 dynes ‘om 2 mins 617
Lissapol HDB 0.5% 20.5 dynes/om £ mins 61%
Alcopol O 0.58 28 .0 dynes /om 2 mine 52%
Table No. 11.
iffect of Altering Concentration of S/A Agent.
Spray Bozzle No., 1, Water Pressure 62 lb./iuaz.
RT3 T
S/2 Agent Coneentration | Surfass Tension |Duration in Surface
: ol l:r Spray ing |Area
Wwater alone v 72.0 dynes/em 2 mins 61%
Iis=apol NDB 0.015% 8,0 dynes/om 2 mina sag
Lissapol NDB 0.1% 31,0 dynes/om 2 mins 573
Li=2apol NDB 0.5% 29.5 dynes/cm 2 mine 61%
Lissapol NDB 2.0% 20,0 dynes/cm £ mina 635%
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Conclusions.

An apparatus has been developed which is suitable for the
examination of the sedimentation of dust and the investigation of
the effect of sprays on the dust, |

Froa experiments with the apparatus it is possible to obtaim
two items of information.

(1) The rate of sedimentation of the dust cloud and the

reduction due to spraying, by plotting percentage galvanometer

readings against time. This method enables results to be obtained

on a comparative basis only, but it is useful in obtaining quick
results.

(2) The reduction in surface area of a dust cloud due to

goraving. by avplication of & form of the Beer-Lambert Law. The

results obtained by this method have a physical significance but

still do not give any information on the size range of dust suppressed.
They therefore do not show the effect of the spray on the dust

cloud from a health hazard point of view,

From the work completed the following information has been
ocbtainedi -

(1) The rate of sedimentation of the lower concentration of
dust is less tham the other three higher concentrations, suggesting
the effect of aggregation at the higher concentrations.

(2) The direction of spraying of the dust cloud does mot
affect the amount of dust suppressed.

(3) The plot of the reductim of dust concentration with

duration of spraying does not conform to an exponential equation,
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as would be expected if the only factor imfluencing the removal of
the dust was the congcentration. It is soggented that the initial
periods of apraying resulted in the removal of the larger dust
particles with a proportionally large reduction in surface area
of the cloud.

(4) The use of S/A agents in the sprays did not result
in an improvement in spray efficiency. A 0.5% solution of Lissapol
NDB wae as effective as pure water in suppressing the dust, while a
0.% solution of Alcopol O in alcohol was less effective than water
and Lissapol NDB.

(5) Varying the concentration of Lissapel NDB in the spray

solution did not affect the efficiency of dust removal,



SECTIOR 3.
Deseription of the Properties of Aerosols.

The properties of aerosols differ in several important respects

from these of disperse systems in liquids and seolids, Firstly,

owing to the relatively small viscosity and specific gravity of

gases, the liquid or solid particles of the disperse phase tend

to settle more readily from the system under the influence of

gravity. Secondly, the molecules of a gas move with much greater
freedom snd in longer paths than do those of liguids or solidsy
consequently the amplitude of the Brownian motion of the particles

is very much greater in an aerosol than in ether disperse systems.
This tende to increase the rate at which particles collide to form
aggregates, Pinally, in a given aerosol some particles of the
disperse phase may be electrically meutral, while at the same time
others may be charged either positively or negatively (62). In

a ligquid or solid disperse system all the particles are charged with °
the same sign. In all these respecte, it would seem that an aerosol
should be very mach less atable than other forms of disperse systems.
Experience has shown, however, that aerosols can be formed poasessing
a degree of stability comparable with that obtained in liquid systems.

Movement of Particles.

A particle suspended in a gas may move under the influnence of
the following forces:-
(1) Forces which originate independently of the gas (e.g. gravitatiom,

centrifugul action, an electric field).
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(2) Porces which are the direct result of the molecular activity
of the gas itself (e.g. Brownian movement).

When a liquid or solid particle is suspended in a gas it is

subjected to a general bombardment by the molecules of the gas.
If the particle is large when compared with the length of the mean
free path of the gas molecules, the general effect of the molecular
bombardment will be that of a uniform continuwous pressure, exerted
normally over the entire surface of the particle.

If the particle be moving through the gas, e.g. falling under
gravity, the force of the molecular impacts will be greater in front
of the moving particle thun behind it by an amount which will depend
upon the velocity of the particl&. The particle will thus encounter
a contimuous uniform resistance to its motion which will become
greater as the velocity of the particle increases.

If a gas be moving bodily; as in a convection curregnt, it will
by virtue of this resistance impart to particles suspended in it
a velocity which will depend upon the velocity and resistance of the
gas and the mass of the particles. The particles will thus move along
a path which will be the resultant of that due to gravity or any other
external force, and that due to the motion of the gas.

When, however, the particle is small compared with the mean free
path of the gas molecules it will no longer encounter a continuously
uniform pressure. It will tend to slip between the molecules, and
will be driven hither and thither by the now irregularly distributed
impacts of the gas molecules.

It ie convenient to comsider separately the behaviour of

particles both larger than and smaller than the mean free spaces
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of the gas.
Particles Larger than the n Free Spaces of the (as.
The velocity with which small spherical particles fove through
a uniform viscous fluid (ligquid or gas) under the influence of an
external force (e.g. gravity) will be given by the expressioni-
vV = PF/X
where F 1a the strength of the forces and K is the functional
resistance of the particles in passing through the gas.
It has been shown by Stokeas that
K = 6ayrv
where % is the viscesity coefficient of the gas,
r is the radiuns of the partiecle, and
v its velocity.
The resistance increases as the particle becomes larger or moves
more rapidly. It is also proportional to the viscosity of the gas.
A particle will be pulled vertically downwards by gravitation
with a force of
47 rp g/3 dynes
in air, or any other fluid, the force will be diminished by the
buoyancy of the fluid, and will be
47 (p-p")&/3
where p is the density of the particle, and pl is the density of
the fluid.
When the velocity with which the particle is falling is such

that the resistance it encounters just balances the weight of the
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particle it will continue to fall at that velocity. At this point,
6MYrv = 41022 (p-p") /3
so that v, the ultimate constant velocity of the particle, will be
2r2(p-v1):/9’>,

For a particle of a given substance falling in air (p-pl) and

will be constant, so that the velocity of the particle will be
directly proportional to the square of the radius. Non-spherical
particles fall in the position in which they encounter maximum
resistance. Thus fine crystals fall yith their longer axis horigon-
tal, similarly a cubic erystal falls point downwords, a plate or
dise in a horizontal position (51).

Stoke's Law assumes that the particles are spherical. This
is true of liquidsj but for many solid smokes the particles may
consist of (say) cubic crystals, or of aggregates formed by
coagulation,

The method of sedimentation to determime particle size ean omnly
be applied to relatively large particles, and if these are loocsely
packed aggregates having a comsiderable degree of complexity a normal
density eannot be assumed and hence Stoke's Law cannot be applied
with any degree of accuracy.

Particles that are amaller than the Mean Free Spaces of the Gas.

When a particle smaller than 10"5 ems is suspended in a gas at
ordinary pressure it will be smaller than the mean free spaces between
the gas molecules. Consequently it will tend to slip between the
nolecules of the gas.

The velocity with which it will be driven through the gas will
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therefore be greater than that given by Stoke's Law.

It has been shown by Cunmingham (63) and Killikan(64) that
V = V1(1+K)/x)where V is the true velocity and Vl the velocity
corresponding to Stokes wa.)ds the mean free path of the gas
molecule, and r is the radius of the particlea. X 4is a constant
spproximately egual to 0.86.

Brownign i#ovement.

Very small particles not only move more readily through the
relatively coarse gas network, but are subject to a vigorous buffet-
ing by the rapidly moving gas molecules. Consequently they are
driven hither and thither, in & perpetual "Brownian"™ movement
similar to but more violent than that described by particles suspended
in a liquid. Accerding to the Kinetic Theory the average kinetic
energy of a particle in Brownian movement in a gas is the same
ae the average kinetic energy of the molecules of the gas (-hv‘).
Owing to ite greater mass its velocity is correspondingly smaller
than that of the gas molecules.

The mobility of the finer particles probably play an essential
part, also in promoting the coalescence of smoke or cloud particles
and the flocculation of the corresponding aereseol.

Coagulation.

It has been established both theoretically amnd experimemtally
that the Brownian movement causes coagulation of aercsol particles
at a rate propcrtional to the square of the mumber concentrationm,
n(65). To a first approximation the rate is independant of particle

gsize, The rate of decrease of number concentration is then
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~dn/dt = an. The Smoluchowski constant x-4x!/3ya = 2.92 x lo.locnjfﬂec
in air at 20°% and % = viscosity of air = 1.82 x 10"4 d;n.s-aoe/enan
The equation is exact for aerosols containing relatively large particles
all of the same size, but has been found to hold satisfacterily for
aexrosols of non-spherical particles, of moderately non-uniform sise.
Although the frequency of collision between large and small particles
is greater than between particles of the same size, this 1s largely
compensated by the relatively small number of large sizes.

For small particles of radius comparable to the mean free path
in air, the Cunningham correction must be applied to the simple
coagulation equation as followsi=-

~dn/dt = kn>(1 + 0.9L/r).

In air at 20°C the mean free path L-10—5cn. Consequently,
because of the Cunmingham correction the coagulation rate is increased
9% for 1 micron particles and 90% for 0.1 micron particles.

When the coagulation equation holds approximately, it means ﬁhaﬁ
all or nearly all particles adhere on collisionm. A nmumber of exper-
iments justify the assumption of 100% collision efficiency of selid
particles. Even in still aerosels, the observed coagulation is
never less, and is usually greater, than the Smoluchowski comstant.
Attempts have been made to surface treat solid particles to reduce
the collision efficiency. The only effect was to reduce the adhesien
of the particles im bulk, so that the particles were more easily

diepersed.

Collection of Accurate Samples from s Dispersion.

Practically all investigations dealing with dast involve colleetion

of a truly representative sample of dust from a moving suspension and



the determination of the concemtration and the distribution of size
among the particles. Although the correct principles are known the
collection of an aceurate sample from a gas strea‘.in the atmosphere
remains a relatively difficult operation. The main difficulty is
caused by the eentrifugal effects which can make both the gas velocity
and the distribution of dust across a section of the gas duct far

from uniform.

For this reaseon it was considered advisable to use a chamber te
contain the dust amnd to work or a batch progess, thus imnsuring 1008
accursey in samplimg, i.e. remove the variable of fluetuatien in
dust concentrations.

A check was made to confirm the efficiency of the T.P. deposits
for 20 micron particles which is claimed to be 100% by the mamuface
turers (66). A cloud of eilica particles was sampled by two T.P.s
in series. A heawy deposit of particles down to 0.4 licrgn was
formed in the first instrument but none in the second, so there was
ne doubt about the actual efficiency of the T.P. for sampling very
fine particles.
¥ethod of Measuring Particle Size.

The size of = spherical particle is defined completely by its
diameter but the "size” of an irregular particle of dust depends on
the particular property of the particle being considered. l&fferdutr“u.*
methods of partiecle size measurement assess different ﬁtan-depll&en&
properties, such as the volume, or surface, or rel&iﬁnﬁgy to motion

in a fluid or power of scattering light.
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Since the theories of the methods are derived for spherical
particles the "size" of an irregular particle is conveniently
expressed as the diameter of the sphere having the same volume, or
surface, etc. Only for spherical particles will the sizes by
different methods be the same, In the case of irregular particles
the "sizes" differ not only according to the method of measurement
but also, in some measurements, according to the erientatioﬁ of
the particles, for example in the case of the projected area.

Microscope Method.

The simpleet method of determining the size of particles in the
subsieve range (76 microms (200 B.S.) down to O.4microm) is direct
measurement to the dimensions of the magnified images of the particles
seen under the microscope, The measurements are commonly made by a
visual comparison of the areas of the images of reference ciroles.
Down to siges of two mierems or less, the images are accurate magnif-
ications of the particles and the microscope method is probably the
most exact of all methods of sizing. As the limit of resolution
(about 0.4 micren) is approached the particles appear larger than they
actually are.

The size actuslly measured with a microscope is the diameter of
the cirele having the same area as the unmagnified projected image of‘

the particle. This is termed the area diameter,

When the sample eoﬁfains a range of partiecle sizes, a mueber sige

distribution is obtained by rscording the number of particles cor-

responding to each size of reference circle. The characteristics



of these size distribution curves may te defined by the usual
gtatistical methods, namely, the mean, the median and the mode.

The mean value represents the particle size corresponding to
the centre of area (centre of grawity) of the area enclosed by the
curve and the x-axisy the median value is the particle size at which
the powder could bé divided into two portions of egqual number and the
mode represents the most freéuently occurring particle size, that is,
the particle size corresponding to the peak of the size distribution
curve, The number mean particle sime which corresponds to the centre

of area of the size distribution curve is obtained from the Oxpressiqp
END/N .
Determination of Concentration and %ize Distribution.

A Vicker projection microscope equipped with a 4mm achromatic
objective lens was used since the highest pessible resolution is
required to enable counts and size diatribution estimations to be
made down to the visible limit. A x 10 compensating eyepiece wus
used in the microscope and the counting carried out at s magnificatien
of x 1125.

The particles were sigzed by comparing them with the numbered
circles on the previously calibrated graticule, and entered in the
appropriate size group. Each particle, often of irregular shape,
was treated as an egquivalent circle, so that it was in effect the
cross sectional area which was compaired with the eircles on the
graticule.

When making a sigze distribution count it was necessary to include

300=-400 particles across the deposit on the cover circle. Since the
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size distribution varies across the strip; this entailed in the case
of more dilute suspensions the counting of a nnmbo¥ of traverses.

When the dust concentration was being assessed the depesit was
traversed horizontally across the field by means of the mechanical
stage on the microscope. The particles were kept in foocus ﬁv
adjusting the fine focusaing screw. The number of particles were
counted in three strips egqually spaced along the depesit, care
being taken to traverse right across the deposit and te foous
successively both on the underside of the cover glass and om the top
of the slide, since a few large particles tended to fall from the cover
glass and there was usually an appreciable air space between it and
the slide.
Calculation of Resulta.

If for any paxrticular T.P. head the length of deposit is L
and the width of ewch strip counted is W, there will be L/W such
strips in each depesit. If the average count across the deposits

from each side is '1 & N_ and ¥V is the volume of the whole sample

2
then the number of 'D.p.c.c. is . Nl + 1‘2 X .I:
i v
for an actual case where '1 = 186 Y = 5.1 c.c.s
'2 = 190 L = 08,,'5 cme

W = 0051 cms

then 186 + 190 T 48 = 12,000 pepsceCs
5'1 00051

Procedure for uesing the T.P.

The T.P. could be used in conjunction with the photoslectric
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cell (P.E.C.) systems or by itself, The procedure for filling the
chamber with dust was as before. After sedimenting for 55 minutes
a volume of the dust cloud, in proportion to the concentration eof
the dust, was withdrawn by lowering the T.P. head into the chamber
and aspirating over a sample of the dust ladem air, The dust was
deposited on two mieroscopic glass circles in the ?.é. head. The
T.P, head was withdrawn from the chamber, the cover circles mounted
on a microscope slide and the spray blown into the chamber. After
the spraying period was over the T.P. head fitted with clean cover
glass eircles was again lowered inte the chaumber and & sample of the
dust cloud withdrawn, From these samples the conceantrations of the
dust cloud before and after spraying could be found.

In a spray rum ueing the T.P. the procedure outlined above was
repeated at the end of 2 hours, 3 hours and 4 hours after the erigimal
charging of the chamber with dugt, The samples withdrawn were mounted
on microscope slides and examined under a Vicker projection micreacope »

at a magnification of x 1125.

Verification of the Homogeneity of the Dust Cloud.

To show that the T.FP. samples withdrawn from the centre of the
chanber were representative of the total dust cloud both in concen-
tration and size distriitmtion, samples were withdrawn from three
positions in the chamber at a level with the P.E.C. housings. The
samples were withdrawn as soon after one another as possible and
a correction made to compénsate for the alteration of the concentrations

of the dust cloud with time., The samples were withdrawn after
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3 hours and 5 hours sedimentation and the results obtained shown in
Tablee 12 and 13.

Phe agreement for dust concentration at the three levels was not
as good as expected for the samples withdrawn after 3 hours tat
after 5 hours the concentrations agreed exactly. The size dis-
tribution of the particles at both these sampling times were found
to be in very good agreement for the three positioms and did not
show any great change for the two differemt times.

These results show the homogeneous nature of the dust cloud in the
chamber with regard to concentralion and size distribution. This
agreed with the results obtained using the P.E.C. systems which
showed the dust cloud was homogeneous with respect to surface area
over a period of sedimentation.

Investigation of the Mechanism of Sedimentation.
To show the amount of dust removed by spraying for four periods

of two minutes it was necessary to investigate the behaviour of the
dust cloud over a similar period of time when no spraying had taken
place. The difference in concentfation of the dust at the end of
four hours when spraying had been carried out compared with the con-
centration of dust when sedimentstion alone had taken place could be
attributed to the spray.

To investigate the mechanism of sedimentation of the cloud of
fine silica dust a sample was withdrawn every hour over a peried of
12 hours. A dust cloud was again generated and left to settle for

12 hours before sampling was started, The cloud was then sampled



Tadble No. 18,

Results to show the Hom;gomoxéﬁ Hature of the Dust Cloud in the

amber .

Concontration at Differont Deptha.

Uonoentration | Oconoentration |
Time Position {(pepeceos) |corrected for time
sPDelul

3he 10mins | Top Posn, 16,100

Shs 20mins | Middle Posm. 14,100 16,000
%hs 30mins | Bottom Posn, 15,800 14,000
fhz 10mins | Top Poan. 8,170

Shs 20mins | Middle Posn, 7,700 7,700
Bha 30mine | Bottom Posn, 7,560 7 o 500
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at hourly intervals over & 12 hour period. The samples were
examined under the microseope and the concentration of the dust
cloud calculated. The values of the concentratien for the
second period of 12 hours overlapped the concentrations for the
first period of 12 hours and & graph showing the variation of
concentration of the dust c¢loud im p.p.c.c. was constructed for
a period of sedimemtation of 19 hours,

Graph 21 is seen to follow the form of the graphs obtained
for galvanometer deflection against time whem the P.E.C. systems
were used, viz., & steep section ir the early stages of sedimen-
tation graduelly levelling off to show a slow rate of dust removal.
Smoluchowski showed that the decrease in the number of particles
per unit velume in suspension in air behave according to the law:-

~dn/dt = En’
i.e. on integration 1/n = 1/n0 = K
Where n, = concentration of the dust on formatiem ,
n = concentration of dust at time t.
1/n denotes the averase space inhabited by e particle in the cloud
at any instant of time. It is termed conventionally the particulate
volume and n the particulate number,

From Graph 21 the values for the concentration of the MSC dust
were obtained at hoarly intervals over a peried of sedimentation of
19 hours. From these concentrations the values for the expression
(l/n - l/no) were calculated and plotted against time.

Graph 22 was obtained and it can be seen to fall into twe distimet

sections, as follows:-



68

(1) 4 period lasting for 10 hours, when the decrease in the
number of particles with time is very rapid. (This is probably
due msinly to the aggregation of the particles and corresponds te an
increase in the average mass of the particles).

(2) A period from 10 hours onwards whem the dust cloud is
relatively stable and the number of particles diminishes very slewly,
chiefly as a result of sedimentation,

Between those two stages there is a third intermediate stage
of short duratiom in which both aggregation and settling opargte.

Similar stages have been suggested by Whytlaw-Gray(67) for
smokes of NE4CI, €d0, Cu0 and 2Zn0 working from graphs of pP.p.c.C.
against age of smoke.

It was decided to use amother form of silica dust to confirm
the results obtained for MSC dust. The material chosen to form
the dust was Lochaline Sand, s high-grade silica sand mined a%
Lochaline, Argyllshire for the mamufacture of optical glass. A4
typical sample contained about 99.6-99.7% silica and 0.2% alumina,
with traces of iron oxide.

A sample of Lochaline Sand (LAS) was ground for 2 hours ia
a mechanical agate mortar to reduce a proportion of the sand to very
fine particles. The dust was then placed in an oven at 120’0 and
left to dry for 24 hours. The dried, finely ground sample was then
freated as the MSC dust to produce a dust cloud in the chamber.

5 gs. of LAS were used 4in the dust-producing apparatus and a cloud
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formed by blowing for 15 seconds. The method of sampling was as
before and after the concentration of the dust had been calculated
a sedimentation curve for LAS was constructed (Graph 25); This
curve showed a slower rate of reduction in concentration (p.p.c.c.)
than did the corresponding curve for MSC.

Construction of the graph for l/n-l/n. against time showed the
same distinct stages for the decrease of concentration with time
(Graph 24). The duration of sedimentation of LAS was 25 hours and
over this period three stages inm the process of sedimentation could
be identified.

(1) A period lasting for 63 hours when the decrease in the
number of paurticles with time is rapid.

(2) 4 period from 6% hours to 19 hours when the number of
particles diminishes slowly.

(3) A period from 21 hours to 25 hours when the decrease in
concentration is almost imperceptitble.

Bétween the three stages there are two intermediate stages of
short duration,

As was mentioned earlier the value for ¥, the Smoluchowski
constant, has beem shown to be 431/33! = 2,92 x 10-10013/aoe in air
at 20° and 7, the viscosity of air = 1.8 «x 10-4 dynns~aec/enz.
The value of K depends then upon the temperature, though actually
the change for ordinary alterations of room temperature has been shown

to be small.

The values of K for the different sections of the graphs for
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the two dust clouds were obtained from the gradients of the lines

and are shown in Table 14, The value of K is seen to increass

as the concentration decreases for the two dust clouds but even -
at its minimum vailue 6.79 x lo-gmB/see it is much greater than the
theoretieal value of 2.92 x 10 Oom’/sec. It bas been found that
the value for K derived by practical means is invariably greater
than the value found theoretically.

At this stage it is of interest to note the experimental
evidence produced by Whytlaw-Gray(68) when considering the effect
of the shape of the particle on the rate of coagulation. The smokes
used in his work were oleic acid, stearic acid and ferric oxide.

The Smoluchowski constant, found for oleic acid and stearic acid,
agreed cleosely with theory whilst that obtained for ferric eoxide

was found to be 30% greater. The stearic acid and oleic acid com=
plexes, though not truly spherical, were of a compact form, whilst
those of ferric oxide were loosely built chain-like structures formed
of units which apreared "like beads on curly strings". This form

of aggregete suggests the presence of electrostatic charge on the
particles and it is suggested that this accounts for the rate of
aggregation being different from the theoretical value.

The same reason would explain the high values of the Smoluchowski
constants for MSC and LAS dust since it has been shown by many invest-
igators that a cloud of silica dust generated in a manner similar te
that employed by the author produced charged particles (76,77,80).

The difference for the values of the Smoluchowski constants for
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MSC and LAS is thought to be explained by examination of the sise
distribution of the two dust clouds (Table 15). The values of K

for LAS were less than those for MSC and the percentage mumber of the
very fine partiecles (0.4 to 0.8 microns) iz less for LaS. This is
ir agreement with theory which has shown for particles of the order
of size of 1 micron that the coagulation rate iz increased by 9% (63).

Plate 10 shows the LAS dust after sedimenting for 1 hour.




Table No. 14,

Values of Smoluchowski's Constant ,

Ke

Dust Time Range Coneentration Values of K
Range (730D00.°o)
¥ae 0 %o 8 hs | 41,000 to 3,680 | 9.67 x 10 Pen™ ses
11 to 19 hs | 3,680 to 800 3.12 x 10"%en neq
LAS 0 to 6 hs | 39,000 to 6,000 | 6.79 x 10""em™ se
7 to 19 hs | 6,000 to 1,550 | 1.28 x 10'901!5/ 800
23 to 25 hs | 1,400 to 800 | 2.20 x 10 Pen™’sse
Table No. 16,
3ize Distribution of the Two Dusts after 1 Hour.
M ey
Size In Percentege Size in : Porcentage
¥icrons Humbeor Miorons Numbar
—‘ﬁ
0.4 - 0.8 84.5 0.4 - 0.8 11.'
G.f == 1.6 3’.5 0.8 L 10‘ 5-‘5.1
106 - 2.4 18.5 1.6 - 2.4 ”.‘
2.4 - Je2 10.1 2.4 - 3.2 1‘.1
502 - ‘.0 4.0 5.2 g 4.0 8.8
‘.C' - 5.0 3."5 4.0 = 500 6.1
5.0 - 6.0 10"5 5.0 o 6'0 1.’
6.0 - “.O 6.0 - B.O ’.“
8.0 - 10.0 9.0 - 10.0 '9
~——
100 100
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Conclusions.

The concentration (p.p.c.c.) of the cloud of MSC amd LAS
dust was shown to decrease rapidly at the higher concentrations
but as the concentration of the dust cloud fell the rate of
decrease in concentration decreased until it was almost imper-
ceptible.

Application of Smoluchowski's Law distinguished different
stages in the decrease in concentration of the dust cloud with
time. The values of X for the differemt stages were calculated
and they were found, in every case, to be greater than the theor-
etical value. The reasons for this are thought te be as follows:-

(1) The non~uniform nature of the dust ecloud from the point
of view of partiole size. )

(2) The electrostatic charges which will exist on the
dust particles and which have been shown to influence the aggregation
(see Section 5).

The difference in the values of K found for the clouds formed
from MSC and LAS dust has been attributed to the difference in the
proportion of very small particles,{l microm, which will ceagulate

quicker due to their greater mobility.




SECTION 4.
Effect of Sprays off Pust in Suspemsi the Chauber.

AS has already bean indicated, insufficient inforsation was
obtainable on the effect of spraying on the characteristics of the
dust elond im the chamber when the light extinction method was used,
To obtain imformation on the alteration of the conceatration of the
dloud, in p.p.c.¢c. and the size distribution of the particles in the
cloud, spray tests were carried out using the ?.P. to determine the
characteristies of the cloud. Ilost of the tests already carried out
using the light extinction method te measure the dust concentration
were duplicated usiag the 7,P.
The first spray test, using the T.P. as already described,
was carried out with water at 62 1b./n.’ sypraying for four periecds
of two mimates duration at the end of 1,2,3, and 4 hours after the
chazber had been charged with dust. The results obtained are
presented in Table 16 and show the reductiom in dust ooncemtratiem
at different concentrations of the dust cloud. It was assuxed that
no reduction in oomoentration (p.p.c.c.) due to sedimentation and aggre~-
gation taskes place between the two sampling times.
The reasons for making this simplifying assumption are as m\:’
(1) The comditions exioting in the chasber during this period
are very differemt fram the conditions for which the sedimentation
curve was constructed, i.e. the turbulemce im the chamber duriag |
 spraying, and for a peried after spraying will temd te prevent the ‘.'
agsregation and sedimentation of the particles. |

¥ .» y‘
S o
om.:j



Effeat of Spraving on Dust Sunrressed .

Teble No. 16.

3pray Nozzle No. 1.

Coneentration (pepe0ele)

T ine8 | of Seraying | Tme |WTeR T AFEF T Teiustlon
Spray | Spray g
62 2 mins 1h | 17,080 | 12,480 4,630
2 mins 2hs | &,220 | 3,220 2,000
2 mins 3hs | 2,5m0 | 1,700 670
2 mine 4 he o982 8867 425
1 fe e el
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(2) The zlteration of the size distribution and concentration
caused by spraying will also affect the rate of removal of particles
fromn suspension by altering the teﬁdency to aggregate and sediment,

The number of particles removed by the spray is obtalned by
subtracting the concentration of the dust cloud before and after
spraying, no allowance being made for decrease in concentration by
sedimentation and aggregation.

The amount of dust remcved at the different spraying times will
not be a simple function of the concentration, as the size distri-
bution of the dust cloud changes over the four spraying perieds
(see Section 5).

‘This will result in a decrease in the efficiency of collection
of the particles by the spray droplets.

The number of particles of dust removed by spraying will
decrease with time for two reasoms,

(1) The concemtration is greater during the earlier spraying
periods and the possibility of the water droplets making contact
with the dust particles will therefore bg greater.

(2) The size distritution of the particles is altered with
time (see Section 5), the larger dust particles and aggregates
being removed in the earlier‘spraying periods.

Effect of Altering Direction of Spraying.

Spray tests were carried out on the dust cloud to confirm
/

the results obtained by the light extinction methed, that neo



™
advantage was derived by spraying the dust cloud from above or belew.

The concentrations for the two runs and the conditions under
which the runs were carried out are presented in Table 17.

The reesalts show that spraying upward through the dust cloud
is as effective in reducing the dust concentration as spraying
downward through the cloud under the same conditions of throughput
and atomisation.

The explanation for this has been given already in Section 2.

The efficiency of removal of dust by different spray comditions
is’ represented by expressing the final dust concentration a; & percent-
age of the initial concentration, For this figure to be proportion-
ally representative of the efficiency of dust suppressiem at different
initial concentrations, the decrease of concentration with sedimen-
tation and duration of spraying would have to be a linear function
of time. This is not so, but the figure provides a suitable means
of comparing the efficiency of dust removal when the original comn-
centrations are approximately the same at the begimmning of a spraying
test,

The_Conditions affecting Efficiency of Collection.
According to Davies(69) exact data for the impingement of particles

upon spheres have not been worked out but precisely similar conclusiemns
relating to impingement upon eoylinders apply.

Impingement of Dust Particles upon a Cylindrical Red.
If a cloud of dust particles is blown towards a cylindrical red,

transversely to the flow, the maximum number that could hit it is



Effect of Direstlon of Spraying on Dust Suppressed.

Table No, 17%7.

Conoeentration
e ey e IO Ml v ll [
ing ing dpray Spray a5
Downwards 62 2 mine 1 h| 25,600 15,850
2 mins 2 hs 11,700 2,530
2 mins | 3 hel 6,560 6,250
2 mins | 4 hs| 6,850 3,340
13,0
Upward s 62 2mine | 1 h |24,400 17,800
2 mins | 2 hs|14,150 9,200
2 mins 3 hs| 9,100 6,100
2 mins 4 hs - 3,120
12.8
L——-——L——.——__.u
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2 NUO(R + a) particles per second on each centimetre of its length,
where I is the concentration of airborne particles P-PeCeCay ais
the radius of the particle, R the radius of the red and.ﬂo the
velocity of the particle. This would hold in reality emnly for
very heavy particles for which the particle parameter P was saf- -
ficiently large. In fact, the quantity striking the wire is smaller
than this, anddepends on the parameter P, the ratioc eof particle
radius to wire radius, and on the type of flow. The ratio of par-
ticle to cylinder radius alse affects the flow field causing the
particle trajectory to curve away from the cylinder to a greater
extent than is found from the stepwise calculation, taking the farticle
as a massive point. This is less important, however, than the
interception factor, which allows for collision occurring whea the
surtace of the particle - not its centre - meets the eylinder amd
depends on a/R.

For this reason there is not a unique curve of collection
efficiency E against P for a given Reynolds number, but rather a
family of curves, with each member characterised by the value of
a/R, and tending, when this ratio becomes small, towards a curve
for point particles. The efficiency can therfore be written as

E =P (P,Rey a/R)

A large velocity increases both the Reynolds mumber and the
particle parameter, so that on both counts the efficiency of :
collection increases. An increase in the radius of the cylinder

R, however, other things being egqual, hae an adverse effect on

bota P and a/R. It also increases the Reynolds number but this



T
effect ip as a rule of less importance. 4

In hisg estimate of efficlency of collection of dust particles
by freely falling droplets, Davies (69) was guided by Vasseur's(70)
results at Reynolds number exceeding 100 and by curves extrapolated
from the data for cylinders at lower values.,

In this way curves of @Graph 25 were constructed showing the
proportion of particles (E per cent) collected by a drop felling
vertically, out of all those lying in its path (oross sectioemnal
area11&2/4).

It is clear that the optimum diameter of water droplet is
between 0.5 and 1 mm. Small droplets are less efficient because
they fall so slowly that they do not collide with the dust paricles,
but push them sideways in passing. The lower efficiency of large
droplete is explained as follows. The particle parameter P is
inversely proportiomnal to the droplet diameter se that particles
of a given size have a smaller value of P relative to the larger
droplets. Impingement ia, of course, loss efficient for a smaller
value of P, Thid effect outweighs the increase in termimal velecity,.
which is very slight for droplets greater than 4 mm ian diameter,
80 that impingement upon large droplets decreases as droplet size
inereases above the optimum value. From Qraph 25 it cam be seen
that suppression of dust particles having radii below 5 microms is
very poor and gravitationmal ascrubbers are obviously of no use for
fine dust.

Inprovement in this direction can be achieved only by increas-

ing the relative velocity between dust particle and spray droplet.
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Effect of Atomisation on Suppression of Dust.

It has been established by different authorities that the |
efficiency of wetting of fine dust, which is not airborme, is
improved by increasing the atomisation of epray (24,25).

It was decided to investigete the effeet of increasing the
atomisation of a spray on the efficiency of suppression of air-
borme silica dust. By changing the pressure of the water in the
spray unit the degree of atomisation was altered and graphs rap-
resenting thie change in atomisgtion with pressure are shown in
an earlier section of the thesie.

Tests were carried out at five different pressuress cver a
wide range of atomisation to show hew the efficiency of dust
renmoval was affected by atomisation. The throughputs for the
partiicular pressures used were found from the graph of'Viraga&nst
throughput and the duration of spraying aitered so that 152 o.-cd- of
water were added during the spraying period.

Table 18 shows the pressure, duration of spraying and
concentration at the different spraying times.

From these results it cam be seen that the amount of st
renmoved by spraying is lnecreased by increasing the water pressure
and hence the atomisation. These results are in accord with the
theory which statez that the efficiency of collection of dust
particles by water droplets is proportional to

de2/D where p. = demsity of liquid.

¥ = velocity of contact.



Table Ho. 1B,
Effect of Atomisation on Dust Suppression.
Pressurg | Duration ﬁfwonﬁ'aﬂaﬂggﬁ Sals ]|
1h,/4n.” | of Spray=- Time | Before er
‘ ing Spray sSpray
%6 2mins 4bBsecs 1 h 18,460 17,880
2mina 4Bsece |2 ha | 14,000 15,220
2mine 45secs {3 ha | 1u,280 10,800
2mins 45secs |4 hs 2,820 7,920 48,0
,‘
4645 2mins 33secs |1 h 17,620 12,180
2mins 33seecs |2 hs 9,700 10,200
2mins 33se0s |3 he 7,190 4,830
2mins 33secs (4 hs 4,070 2,530 14 .4
B3 2mins 20secs (1 h 14,000 10,400
2nino 20se08 |2 h8 7 4500 B, 250
2mins 20secs |3 ha 5,560 3,630
2mina £0zoce |4 hs 3,670 2,460 17 .6
62 2ming 1h 17,080 12,480
2mins £ hs 5,220 3,220
2mins 3 hs 2,370 1,700
Zmins 4 hs o982 BS7 53
7R lmin 6£0secs|l h 18,800 9,840
1min 60sees (2 hs 8,720 5,240
lmin SO0sgees (3 hs 3,880 2,270
lmin 60sees |4 hs 1,218 94¢ 9 |
—
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d = diameter of particle.
D. = diameter of droplet.

Increasing the atomisation increases the veloeity of the droplet
and decroases the average droplet size (see Sectiom 1). Both
these factors increase the efficiency of collection according to
theory.

It is ideresting to note that at the lowest pressure (36 lb./inz)
the first period of spraying results in an increase in conceatratien
(pepecsc.). This seems to indicate that the aggregates are brokem
up to some extent by the water droplets, and it would be unreasomable
to assume that breaking up does not alsec occur when higher water
pressures are used.

In the case of the two highest pressures used 62 lh.lin.z
and 78 1b./in.2 the amount of dust kmocked down by the water is almost
the same, This is because the spray nozzle almest reaches its

maximum efficiency of atomisation at 62 lb./in.z

and an increase
of pressure to T8 lb./in.2 results in very little change in atom-—
isation. Thie is shown by size distribution curves for the water
droplets produeed by spray nozzle No., 1 at different pressures and
the values for the average droplet size presented in Sectiom 1 of
the thesis.

The Effect of Altering the Droplet Velocity and the Ave

From the results presented above it is evideat that for the
same volume of water the dust is more easily suppressed as thl'

spray is more fully atomised.
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Incressing the pressure of the water and therefore the atom-
isation alters the following three characteristics of the sprayi=-
(1) ‘throughputy
(2) average droplet size of the sprayj
(3) welocity of the dreplets. .
In each of the rums already carried out the duration of spraying
was adjusted so that the same volume of water was added to the chamber.
The variables were then the size and velocity of the droplets, .!ha
greater the pressure the smaller the average droplet size amnd the
greater the velocity. It was decided to determine the effect of alterimg
one of the variables while the other remained constamt to show thﬂ&?
effect independently. To obtain the necessary conditioms two spray
noggles were used, previousliy calibrated for throughput amd droplet
sigze.
Effeet of Altering Droplet Sige.
The velocity of the water droplets issuing from the nozzle
was determined by assuming that during spraying the spray erifices
“ran full®, This assumption is not valid for awirl atomisers of
the type used, tut since the assamptiona aprlied to both nozsles
comparative velocities were obtained which could be taken QB very
nearly correct,
Calculation of the area of the orifices for nozzles Ne.l & 2
gave their ratio as 1.121 s1l. The pressure chosen for nozzle No.2
was 62 1b3/1n.2 yhich corresponded to a throughpnt of T3 c.0.2 per
minute. For the droplets from nozzle No.l to have the same initial
velocity a throughput of 65 c.z.s per mimute had to be used which

corresponded to g8 water pressure of 46.5 lb./in.2
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Table 19 shows the spray conditions neecessary for compari-
son of the effect of different average droplet size when the
initial velocity was the same. The results, (Table 20) Whow that
a decrease in the average droplet size results in an increase in the
amount of dust removed from suspension in the air when the initisl
velocity of the droplets remains the same, This is agein in agree-
ment with the formmls relating efficiency of collection to the var-
iables in the spray droplets:-

E o< p¥d?/D

The improvement in the efficiency of collection will be can-
celled out to a certain extent because the smaller droplets lose
their initial velocity and attain their terminal veloeity more
quickly. It has been shown (Graph 25) that droplets of the sise
range produced by the spray nozzle do not remove dust belew 5 mierons
to any great extent when falling at their terminal wvelocity, It

will only be at the high velocities that the small droplets are

effective,

Effect of aAltering Velocity.

The conditions for the production of sprays from nozzles No.l
and 2 which had the same average droplet size were found by inter-
polating the result obtained for variation of average droplet size
of spray with pressure. The pressures corresponding to the same
droplet size from nozzles No.l and 2 were produced in the pressure
chamber of the spray umit and the duration of spraying altered to
add the same volume of water to the chamber, 152 c.c.s at each spray-
ing period,

The conditions for the sprays are shown in Table 21,



Effoct of Altering Dpoplet

Table Ko,

19,

Size on Pust Suppression.

Average Sl a4
Nozzle| Pressure Through- | Droplet Duration Veloelty
No, put Size of _Spray ot
1 46.51b, /in.?|6Bc.08'min | 60 Miecrons| 2mins28secs|72,0000m/min
2 62 1b./in.?|73cas/mn | 48 Microns|2mins Ssecs|71,500cm/min
o P o
Table No., 20.
CONCANErALIONI DeDeCeCs ) oy
Nozzle| Pressure ore . ATter | Percentage
No, Sprey Spray Bemaining |
1 46.51b, /inF| 24,800 20, 300
20,200 18,200
10,000 B,880
4,620 4,080 16,7
2 62 1bv./in2| 21,800 16,900
6,670 &, 420
2,790 2,640
2,090 1,190 Bob




The results for the reduction in dust concentration are shown
in Teble 22. These results show ihe influence of wolocity to be
& very importunt factor in the suppression of the dust. It should
be pointed out that the droplets forwed in the spraye do not behave
as individual droplets as far as their motion is concerned but move
in an envelope of air and 80 maintain their veloecity for a consider-
ably longer time than would be expected for their sise., This increase
in velocity will be particularly effective in a closed space such as
exists in the dust chamber, creating turbulence and increasing the
valocity of impact between the water droplets and the airboame
particles.

Variation of Congentration with Durstion of Spraying.
A series of tests were carried out to &lermine the o{toﬁt of

altering the durstion of spruying om the concemtration in p.p.c.c.
A similar series of spray tests had been carried cut using the light
extinotion method to estimate the dust concentration.

The durations of time chosen for spraying were 30 seconds,

1 mioute, 2 minutes, 5 minutes, 10 mimutes =nd 15 minutes. The
results obtained are shown in Table 23. A graph of percentage re-
duction of the concentration of the dust in p.puc.o..qgtian%‘ﬁmkﬁia
tion of spraying was constructed (Greph 264.

Comparison of this graph with the graph obtained for the per-
centage reduction in surface area against duratiom of spraying
obtained by the light extinction method (Graph 26) shows the per-
centage reduction im surface area to exceed the percentage reduetion

in p.p.c.c. for the same duration of spraying.

The reason for this is atiributed to the following three factorsi-
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® ¥o, 21l.

Effeet of Altering Veloelty on Must Suppression.

Average o L
Hozele | Pressu Throughput | Droplet |Duration Veloeslty
NO.o 1b./in. Sise of Spray 2o
1 67 T7c.cafin | 65 Nioms|2uins 84,5000m/min
2 43 6leces/min | 56 Moons |2wins30sees | 59 ,5000m/min
Table No., 22.
I:sslo Pressurg _Congentration ig.p.c.c.) | Percentage
Ow 1b./in, A ar Remaining
Spray Spray U
1 &7 28,000 16,100
6,780 4,160
3,070 2,200
1,270 720 3.3
2 43 23,400 16,900
16,900 12,200
8,870 6,900
- 5,060 21.6




Table No. 23.

Effect of Duration of Spraying on Dust Suppression.

“Puration |Pressurg Concentration (DeDeCoCold '
of Spray-|1b,/in.“ | Before | Arter | ‘ Reduction
| ing Spray | Speay AW
30 secs 62 24,000 | 21,000 2,500 10.4
1 min 62 28,000 | 21,300 6,700 23,9
2 mine 82 23,400 | 18,900 8,500 27 .8
5 mins 62 25,200 | 14,480 10,780 42,7
10 mins 62 22,930 6,840 15,090 66,0
15 mins 62 25,000 | 6,320 18,680 74.8
i S——
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(1) The removal of the larger particles and aggregates in
the first period of spraying with a correspondimgly large ieqmaasg
in the projected area of the dust cloud.

(2} The breaking up of some of the larger aggregates to
give a number of smaller particles which are recorded in the con-
centration as found by the T.P,

(3) After spraying for about 5 minates, only the very small
particles and aggregates are left in suspensien, i.e. 97.6% £ 2.4 microns.
Particles of this order of size and smaller do mnot follow the
geometrical law of scattering light with the result that theae
smaller particles are underestimated with respeet to projected area
(71,72).

Effect of S/A Agents on the Amount of Dust Suppressed.

Details of the §/A agents used have already beemn given in
Section 1 of this thesia.

Po determine the effect of /A agents on the dust suppressad
in the chamber, teste were carried out using aqueouns solutions eof
S /A agents to form the spray.

S/A agents were selected from different classes to cover most
of the better known types. Most of the S/A agents used were suppled
by I. C.I. Ltd., along with data on the S/A agents including the
variation of surface tension with concentration. The variation ef
surface tension with concemtration of the S/A agent is showm in
graphs 5 and 6. The concentration used in the spray runs was 0.5%

which gives the minimum surface tension available for an agueous
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solution of the different S/A agents.

Spray rune were carried out in the usual manner at a pressure
of 62 lb./in.2 for the different S/A agents and the results shown
in Table 24 obtained.

The solutioms in order of efficiency are them.-—

1. 0.5 Lissapel L.5. - 12.1%
2. 0.5¢ Fixanol € 12.25%
3. 0.5% Lissapol NDB 12.5%
ke Water alone 13.0%
5« 0.5¢ Calsolene 0il 13.9%

6. 0.5% Alcopol O in Aqueous
Solutien 13.9%

7.- 0.5¢ Lissapol C 17.6%

8., 0.5% Alcopol O in aAlcohol
Solution 19.4%

Sterox SK 22.04

as

9 . 0.5

Most of the S/A agent solutions are seen to have approximately
the same efficiency in suppressing the dust as water alems. There
are three exceptions to this, Lissapol C, Alcopel 0 and Sterex SK,
all giving a lower efficiency tham a spray of water alone.

The reason for the low efficiency of Alcopol O in alecohol
solution is thought to be the higher rate of evaporatiom of the
droplets from this solution compared with osher solutions owing to
the small percentage of alecohol in the solution, The spray run
using 0.5% Alcopol O in aqueous solution showed a higher efficiency

than the 0.5% Alcopol in Alcohol solution, The small percentage of



Effect of 8/A Agents on Dust Suppression.

Table No., 24.

"¥¥p® of | Pressure | conc, of
S/8 Agent| of Solu- | Selution
tion
1b. /in.®
water 62 - 1
- 2
- 3
- 4 hs | 65,680 | 3,340 13.0
Non-ionle 62 O.58 NDB |1 h |27,600 | 23,000
2 bs | 15,900 |10,800
3 he | 8,850 | 4,380
4 hs - 3,440 12.8
Non-1onie 62 O.B%Sterox|1 h |23,000 |15,400
7y 2 he {13,600 | 8,780
3hs | 8,280 | 5,820
4 he | 5,190 | 5,200 22,8
‘Antonie 62 0.5% 1h |[26,000 |19,400
Aleopol ©
(Aqueocus)(2 hs [18,600 |11,200
3 hs | 9,700 | 6,700
4 hs | 6,350 | 3,600 13,9




Table No, 24 (contd,)

!;iﬂ of | rressure |Cone. of Conc ontrat 1on LD b,
8/A Agent | of 3olu= |Solution |Time | Before After
tion 2 Spray Spray
1Y, /1!! ®
Anionie 62 0.8% 1h |26,600 20,900
Alsopol @
(Alechol)|2 hs | 13,180 10,800
3hs | 9,020 7,730
Anionie 68 0.5% 1h | 28,000 22,000
Calsolene
011 2 hs | 16,900 12,100
3 he | 10,700 7,500
4 ha | 6,500 3,620 13.9
Lissapol
¢ e 13,600 10,8500
5hs| 9,080 6,450
4 hse| 6,970 4,860 17.6
Anionie 62 0+ 5% 1h |23,800 14,700
Lisaapol
LS 2 hs | 13,200 8,430
3 hs 7.880 "m
4 hs | 4,950 2,880 12,1




Table No., 24 (ocontd,)
Typ® of | Preossure | Gone. of Goncentratlon(npead.
S/n Agent | of Solu- | Solution | Time | Before | After age
tion Spray Spray Romaining]
lb.fh'h - —
Anionie 62 0.B% 1h 24,600 | 19,300
Perminal
BX 2 hs | 15,780 | 11,880
32 hs | 10,000 | 8,200
cationie 62 0.5% 1h | 21,900 | 14,100
Fixanol
¢ 2hs | 9,870 | 7,370
3 hs E,130 | 4,880
4 hs | 3,800 | 2,680 12,286
c— e —— — e




alcohol in the spray droplets will result iam amn increase in the
droplet vapour pressure,

Phe approximate rate of evaporation of small droplets is
given by the expression

-ds/dt = BT PMD/PRT = C

where 5 = droplet surface, T = time, p = droplet vapour pressure,
M = droplet vapour molecular weight, D = droplet vapour diffusien
coeffiocient in ailr, P =« drovlet demnsity, R = melar gas constant,
and T = absolute temperature.
Application of this formla to the vapour pressure of water at 1‘5°¢
and s 0.,3% alconol solution at 15°C showa the alcohol to hawe a
4% higher rate of evaporation.
¢aleulgtion.

Vapour pressure of water at 1§°G = 12.8 mm

Vapour pressure of 0.3% alcohol solution

at 15°¢c (From Raoult's Law) = 13,26 mm

Percentage increase in evaporation rate

- (1%.26 - 12.8; x 100%

( 12.8

- %

Any increase in the rute of evaporation will result in a

decrease in the number of the smallest droplets, which will quickly
evaporate. Since the high-speed small droplets are comsidered to
be the most efficlent removers of the dust particles a decrease in
efficiency of suppression will result.

The effect of different S/. agents orn the degree of atomisation
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of the solution is presgented in Section 1 of this theqi¢§ !iC§D
results show that atomisation is independent of the type of Q/L

2 and the concentration

agent used. When the pressure was 62 1b./in.
of the S/A sgent was 0.5%.

It is suggested that the efficiency of a spray in suppressing
the dust is due tot=-

(1) the degree of atomisation of the solutiong

(2) the rate of evaporation of the drepletsj

(3) the welocity of the dropletsy

(4) ‘the size of the water droplets;

{(5) other factors, pessibly electrical.

The Effect of S/A jgents at Low ¥ater Pressure.

The results obtained using a 0.5% solution of Lissapol NDB
at 62 lb./in.2 showed an increase in dust suppression ‘hieh could
be acconnted for by the slight increase in atomisation due to the
S/A agent, It was decided to compare the effic;amay of water at
46.5 1b./in.? with that of an 0.5% solution of Lissapol NDB at the
same pressure. The reason for doing this waes that the S/A agent
wag found in earlier work to be more effective at lower pressures
in imereasing the atomisation and would therefore be expected to
result in a greater incresse in dust suppression. The conditions
for the spray runs and the results obteined sre shown in Tyble 25.

The results show an increase in the efficiemey of suppression
when the $/4 agent is included in the spray solutien at 46.5 lb./in.2
Phe efficiency of the S/A agent solution is not so great az that of

wator at 62 1b/im.2



Table No. 25.

Effect of S/4 Agent at Low Pressure,

Prossura |Duration of | Come.,of [Time | Coneentration (Forecentage
1b, /1n.” | 3praying 5/A agont (PePeBate ) [ROmalining.
faforo After
Spray 3Spray
46,5 2mins,33s60n8 - 1In |17,620 12,180
- Shs | 7,190 4,850
- dhs | 4,070 2,53C
14.4
461% Pmins 33ac0s |0,58NDE |1k |17,020 14,800
0.858DB | 2hs (10,950 7,140
DBENDB | She | 5,080 4,000
O FENDR (4ns | 2,746 1,180
6.5
s -
62 2mins - ih (17,080 18,480
- ghs | 5,820 5,200
- Shl g. 3’0 l.m
- 4hs o98e 567
3.3
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The results obtained for atomisation under the conditions
used in the spraying runs showed that a pressure of 46.5 lb./iq‘g
and 0,5% TLissapol NDB gave a spray which had approximately tSQ same
average droplet size and distribution as a spray formed from water
at 62 .'J.b./:i.n.2 These two sprays differed in the wvelocity of the
droplete, which accounts for the higher efficliency of the water
at 62 1b/in,?

The efficiencies of the sprays in suppressing the airborme
duat are them seen to be in line with the effielencles of atom-
isation of the spray solutioen,

The efficiency of suppression of an airborme dust can be in-
creased by

(1) increasing the water pressure.

(2) decreasing the surface tension by adding a S/A agent.
This method ie partioularly effective at low water pressures when

the atomisation is relatively low.
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The fine silica dust cloud has been shown %o be affected
by spreying and some of the dust removed from suspemsion. The
ansunt of dust removed is increased when

" (1) the duration of spraying is imcreaseds

(2) the degree of atomisstion is increased;

(3) the velocity of the spray droplets is increaseds

{(4) the average droplet eisze of the spray is decreasedj

(%) @& 5/4 agent is included in the spray solution at a
low waler pressure.

The percentage reduction in concentration (p.p.c.c.) is shown
to be less than the percentage reduction im surface area. The
reason is thought to be the removal of the larger particles and
aggregates from suspamsion by the sprays,

No solution of S/A agent is found to be superior to water alone
in suppressing the dust at 62 1b./1n.2 Some solutions wers leas
effective, In the case of Alcopol O in alcohsl solution the decrease
in efficiency is attributed to the increased rate of evaporation of

the spray droplets.

T B A . W D0 s . W W O i S e T ————
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SECTION 5

Investigation of the Size Distribution of Airborme Dust.

The gize of the airborne dust is recognised to be an impore
tant factor in the harmfulness of a dust cloud. 'The size dis~
tribution of thedust cloud being considered here was thought to
be affected by:=

(1) duration of suspension of the dust eloud in the chamberj

(2) spraying with aqueous selutions. The duat samples
thained when the ¥.P. was used to estimate the cﬂhaentmatiin of
the dust cloud were used to delermine the sime distribution of
the dust in suspension in the chamber. Approximately 400 particles
were ectimsted in the construction of a size distribution curve.
The size distribution of the dust found by the T4P. and eptical
microsecope represented the sige distribution of the dust in the
chamber sinece it has been established that mo aggregatiom takes
place on the micrescopic cover ecircles(73).

Varistien of 3igze Distribution with Tinme,

The variation of the size distribution of the particles and
aggregates in the dust cloud wae first investigated. The samples
used in the congstruction of the concentration versus time curves for
MSC dust were used in this work and the results obtained for the '
s8ize distrilbution are shown in Table 26 for sedimentation ever a
12 hour perioed. The results are also represented in histogram
form in Graph 27.

The results show that the size of the aggregates increased



Table No, 26

Bffecg of Duration of Sedimentation on 3ize p_i_atributlm.

S8ize Immediately|After |AfterjAfter |After |After |ALter
Mierons forftion 1k Zha | 3hs 4hs | 6hz |12hs
st
0.4-008 mal 24.5 30.7 2503 2405 1300 10.‘
0.8=1.6 47 .8 37T.8| 36.7| 41.6| 43.0| 30.0 | 47.4
1.6-2.4 m.Q 18-5 18.7 19.0 1808 2704 2803
2.4"302 3.2 1001 909 9-5 802 11.4 9.6
3.2-4.0 4.0 3.“ 2.9 -.5.‘ 5.4 5‘7
4.0'5t° 5075 0-2 2.0 1.3 3.” 109
5.0"600 1075 107 003 00 ! 1.7
B
100 100 foo |100 |00 |100 00
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during the first hour in suspension but after the first hour and ]
up till the twelfth hour very little alteration in the size dis-
trivation of the dust occurred., Plates 2 and 3 show MSC dust
immediately on formation and after one hour.

Thic lack of variation in the size distribution may be due
to cne or more ¢f the following factors:-

(1) The dust particles settle out of suspension at the
same velocity irrespective of their size. This is not unreasene
able, since the larger particles are invariably aggregates(ei.
original size distribution with size distribution after ome hour),
and have consequently & much lower density and termimal velocity
than a solid particle of the same area diameter.

(2) 'The small particles and aggregutes combine to form
larger aggregates ( >3 micrens} which quickly fall from suspensiom
owing %o their relatively high terminal velecity. The amallest
particles(g:n. 1 mieren) will combine to form aggregates more read-
ily owing to their Brownian motion. This would account for the
decrease in the proportion of 0.4 - 0.8 micron particles after
sedimenting for 12 hours, instead of an increase, which would be
axpected if sediwentation were the only mechanism teking part im
the decrease of the mamber of dust particles in suspension, ‘

The latter explanation is supported by the growth of the
particles and aggregates from their size on formation of the dust
cloud to their size at the end of ome hour. It is unlikely that

the aggregation ends after one nour, yet no increase in the size
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of the particlez can be detected, In farther support of this
explanation is the fact that after sedimenting for approximately

19 hours, 98% of the dust particles are less than 3.2 mieronms

in diameter. This shows that the larger particles do indeed settle
out more guickly than the smaller ones., This faet is masked, at
the higher dust concentrations, by the aggregation of the smaller
particles tu larger ones tc give the game size distribution during
the first 12 hours.

The effect of aggregation is most readily seem by inspection
of the "tails" of the histograms. Immediately on formation the
histogram is compact, the maximum sized particle being ca. 3
micromg, but as the aggregation proceeds the size of the largest
particle inoreases. Since no particle above 6 microms was
detected over the whole period of sedimentation, it appears that
the particlss fall out of suspension relatively quickly when they
reach a cexrtain size,

Thus the decremse in the number of particles in suspension
in the charber is due to two factors:-

(1) Aggregation of the small particles to form larger
aggregatesy

(2) sedimentation of the larger aggregates from suspension.

There is little doubt that only very few particles ;evually
hiﬁ the so0lid wslls of the chanber during sedimentation, most of
them being surrounded by a layer of air amd failimg to strike the

walls., Larger particles have a better charce of impact tham amaller
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because of their inertia.

The Effect of Spraying on the Size Distributiom.

It becsme evident on examining the dust samples obtained by
the T.P. for the effect of sprays on the dust cloud that not only
wag the concemntration (p.p.o.c.) affected by the spray droplets but
the size distribution of the dust particles was also altered.

A spray test was carried out using water at 62 lb./in.2

and spray-
ing for four two-mimute periods at the end of 1,2,% and 4 hours after
the chamber had been charged with dust. The results obtained for
the size distribution are shown in Table 27 and also in the histogransaw
in Graph 28. )
These results show very clearly the preferential removal of
the dust particles and aggregates, The removal of the larger
asggregates will be due to two factors:-
(1) The larger the dust particle or aggregate the greater
its inertia and hence the greater the chance of its coming into
contact with a droplet of water.,
(2) The larger aggregates are broken up into smaller par-
ticlee and aggregates by contact with the water droplets or by
the turbulence in the chamber due to the water droplets passing
through the chamber at high velocity. Neither one of the above
two factore is thought to be totally responsible for the removal

of the larger aggregates, each factor playing some part.

Yariation of Efficiency of Removal of Particles with Particle Size.

It is generally accepted that the efficiency of removal of
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airborne dust particles varies with the size of the particle.
This has been shown experimentally by Sell(74) and Yasseur(70)
and by many authorities working under actual miming eonditieas(45).
The theoretical explanation for this has been given by Bavi§5(69)
and is summarised below as it also relates efficiency of remeval to
size of droplet and velocity of contact, variables in the sprays
which have been investigated in this work.

The efficiency of collection of particles by droplets is shown
by Davies to be a

?(P,Re, a/R)

where P is the particle parameter which characterises the path eof
a particle starting at a certain point, Re is the Reynolds mumber,
a/R 1s the ratio of particle radius to droplet radius.

The important factors in the collection of a dust particle by
& water droplet are therefore seen to bet=

(1) velocity of droplet relative to particley

(2) radius of particlej

(3) radius of droplet.

In his estimate of 1mpingénent efficiency for spheres Davies(69)
was guided by Vasseur's (70) results at Reynolds mumbers exceeding 100
and by ocurves extrapolated from the data for the inpiigonant of
particles on c¢ylinders at lower values.

In this way curves of Graph 25 were constructed showing the
proportion of particles (E per cent) collected by a drop falling
vertically under gravity out of all of these lying in its path.

It was clear from these curves that the optirum dreplet was between
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O¢5mm and lmm, Small droplets were leas effective because they
fell so slowly that they did aot collide with the dust particles
but yushed them sideways in passing., The lower efficiency of
large droplets was explained as follows.

The particle parameter, ¥, is inversely proportional te the
droplet diameter so that particles of a given sigze have a smaller
value of P relative to the larger droplets. Impingement is less
efficient for smaller P. This effect outweighs the increase in
terminal velocity, which is very slight for droplets greater thanm
Amm in diameter, so that impingement upon large droplets decreases
a9 droplet size increases.

The curves show that a substantial gain in gravity scrubbers
can be achieved by using spray droplets of the right sige. Even
50, suppression of dust particles below 5 microms is very poor and
graevitational scrubbers are of little uge for fine dusts. v

Improvement in this directiorn can be achieved only by increasing
the relative velocity between dust particle and spray droplet. This
has actually been done by Kleinschmidt & asnthony(76), who placed
radially-directed sprays on the axis of a cyclonejy out the sdvantages
obtained by employing droplets of the optimum size were mnot appreciated
by the designers, nor any data given for particle size efficienmcy.

When deciding upon the most efficient spray to use in the
suppression of a fine dust clowd, the conditions under which the
spray is going to be used has to be considered. Thus, for maximum
removal of dust with a fixed quantity of water, high velocity and

small droplet size should be used, i.e. best atomisation, This



applies in a space where the droplets maintain their velocity and

do not evaporate. When, however, a large volume is being swept,

and the droplets attain their terminal velocity, a maximam.efficiency
of dust removal may be achieved by using a larger droplet size.

Claims are made by some investigators that particles under a
certain size, 2 microns are not affected by water droplets in the
spray (45). ‘There is noc apparent reason why such a limit should applys
an increase in veloecity of the spray droplet and hence an increase
in the Reynolds Aumber should result in contact between the droplet and
the particle. '

One might offer the folleowing explanation for}tha apparent in-
ability of sprays to remove <2 micron particles. Some of the aggreg-
ates present in the dust cloud will be broken up by the spray dreplets,
in many cases producing a number of smaller particles and masking the
removal of the smaller particles by the spray.

It becomes obvious from this work that to report the effect of
a spray on the dust conditions, and hence on the health hazard, it
is essential to consider the size distribution and the number con=-
centration of the airborne dust.

At this point it is interesting to compare the characteristics
of a dust cloud which has been left to sediment for four hours with
a dust cloud which has been subjected te four periods of spraying fer
2 mimates at the end of 1, 2, 3, and 4 hours after charging.

The results for the concentration of the dust clouds and the
size distribution of the particles in the c¢loud for the sedimen-

tation test and the spraying test are shown in Table 28 and Table 29



Table Ho. 28.

Sediaentation Bun

Tize SoNes ¢. 10.4-0.800,8-1.6]1.6-2.4 1520-6.0! Totall
Table Ho. 29.
Spraying Run ] No. 1 ter Pressure 62 18/1n.?
_Size :lg.!*m_é. | ::l
Time {+] > 0-4“008 0.8-1.6 1-‘-2.4 204-5-2 3-2-‘-0 4.6—5. 50 «0Q T."l
ore
!giis 17,050 # 14.9 4%.9 24.9 11.2 59 1.0 0.3 100
-
égiﬂ 557 1 7503 2505 1.2 - - - sl 10.
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respectively.
The number of particles between 0.4 and 0.8 microm in suspen—

aion in the chamber are therefores-

Sedimentation Test. : Spraying Test.
After 4 hours Lfter 4 hours
980 p.DPsC.Co 420 PePeCeCe

Although the total decrease in concentration of the dust cloud
when spraying is carried out is seem to be very effective, from
4,000 to 557 pepsCecey the reduction in the 0.4 - 0.8 micron range
of particle sige is not nearly so good, from 980 p.p.c.c. to 420 p.p.C.cC.

Effect of Duration of Spreying on Size Distributionm.

To illustrate further the change in size distribution of the
dust cloud with spraying, size distribution counts were carried out
on the smmplesa obtained for the anvestigation of the effect of du-
ration of spraying on the amount of dust suppressed.

The results obtained are shown in Table 30 and also in Graph 29.

Micrographas taken of the dust on the Vicker- projection mioro-
scope (Plates 3 to 9) clearly show the decrease in average particle
size as the duration of spraying increases,

The smmples shown on the micrograpls are not truly represant-
ative of the éust cloud since the size of the particles vary across
the ?.P. strip and the area shown on the plates is only a section
of the whole strip. The sections photographed were selected to
give as accurate a picture as possible of the size ramge of the

particles present.

It is interesting to compare the size distribution of the dust
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GRAPH No. 29
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clouds before the sprays are added to see how reproducidle they
are. After the perieds of spraying the size distribution histo-
grams move towards the criginj; the longer the spraying peried the
more pronounced the move towards the origin, until after spraying
for 15 ninutes 95¢ of the dust left in suspension is less than

2 microns.

Effect of Sodium Chloride Sprays on Aggregation.

Deutrebande et al. showed the effect of a sodium chloride
aserosol on a suspension of fine gilica particles. The fine sodium
chloride crystals were shown by electron micrographs to act as the
micleus for the formation of large silica aggregates(77,7s).

The sodium chloride aerosol was formed by atomising a solu-
tion of sodinm chloride and spraying the mist into a cabinet con- '
taining 2 cloud of silica dust. The degree of atomisation used
by Dautrebande in the formation of the aerosel was much greater
than that used in this work. 1t was decided however to show whether
any sggregation resulted when s sodium chloride solution was sprayed
through one of the rresent nozzles into s dust cloud in the chamber.

Two comeentrations of sodium chloride were used, 1% add 54,
and the resmlts cémpared with values obtained for the size distribu-
tion when water alone was used.

The results obtaired are shown in Table 31. The resulte show
that very little change in aggregation occurs when a 1% solution of

sodium chloxide iz used to form = spray with Neo.l nozzle.



Nozzle No.l,

Table

No.31

Epfect of Sodium Chloride Solution on Aggregation.

Water Pressure =

62 1b./in.2

1% Sodium Chloride

31ze
Microns|after|after 1h |Aftcr | After | After | After | After
lh jand @pray 3hs Shs 7hs Zhs 1lhs
% % % % % % %
004"008 17.9 &')009 28.3 ’90:’ 82.2 4.0 18.4
Oog""]ob AA,).Q 5:—595 51.4 5502 5307 34-4: 62.0
1.6=2.4|23.6 13.82 14,0 20,0 20.2 27.7 16.9
2.4‘5.2 900 1.9 5.2 4..9 2-9 405 2:7
3e2=4,0 4.4 005 101 008 1.0 0.5
4,0=5.,0] 0.85
5.0=8.0]| 0.85
100 100 100 100 100 100 100

Nozzle No.l, Water Preasure = 62 lb,/in.z

5% _Sodium Chloride

Higigzs After |After 1h | After| After| After| After

1k and Spray 3he Bhs Ths Sha

B0 G e T SR ¥ 3
Ned=0.8119,1 25.8 19.6 | 26,6 | 11.3 | 80,7
O0.8~1,6[44,7 ; 44.7 42.6 358 .8 43.6 3746
l.6-2,4120.% 23.56 &544 27.0 52.9 31l.9
2:4-3.2(15.,0 Hed Ted 6.6 16,0 T8
3.2-4,0) 2.7 0.2 1.6 1.0 i.9 2.0
4.0-5.0] 0.4 Qb Vet
5.0=6.0

100 100 100 100 100 100
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then a %% solution of sodium chloride is used to form a spray uader
the same conditions a differemce in the amount of dust which aggregates
becomes evident immediately after the spraying period and lasts up
to 9 hours. The uae of a 5% solution would therefore be expected
to. be more effective in the suppression of fine silica dust since °*
agaregates would be forwed which could be more easily knocked dowm
owing to their greater inertia. igainst this increase in aggrege-
tion one has to balance a slight increase in surface tension of the
spray solution which would result in a very sligh§ decrease in atom-
isation, The vresence of ionisable compounds in the s;ray aelati‘n
have been shown to destroy the electrical charges which otherwise
would exist on the droplets (7%). This change would be expected to

affect the efficiency of the spray in some way.

The Influence of a Radiocactive Static Elimimator (g.‘.s.;,)
on isggregation.

Since some authoritiez consider the ageregation of fine particles

to be effected by their electrical preperties (77.78) it was decided
to try to show whether it was possible to alter the slecotriscal char-
acter of the particles. By thie means it was hoped that a difference
in aggregation would be detected.

It is well established(7¢,£0,8/ ) that fine particles of silica
dust have an electric charge when blown inte suspension in the air
in a manner similar to that used in this work., There is some doubt
ae to the mature of the electric charge. 3ome authorities claim the
dist cloud te be overall neutral, being made up of positively charged
and negatively charged particles in exaetly the same proportien, with

some neutral particles(62).0thers claim that the chemical character-
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isties of the compound determine the mature of the charge on the par=-
ticles and showed silica dust to have a positive charge which is as-
cribed to its acidic character(s3).

It seems a reasonable assumption that the electrical charges
on such particles will influence their aggregation. This opinion
is shared by Gibb(20).

In order to affect the electrical character of the dust cloud
the cloud was exposed %0 a R.A.5.5. unit, which is a source of §-rays.
The isotope used in the unit is thallium 204 which has a half life
of 217 years enitting/?-rqya having a maximam energy of 0.T775 MHe¥.
This is regarded as a comparatively weak unit and has a maximum range
in terms of mass, 0.28g/sq.cm which gives a range of 230 oms for
air.

Procedure for Determining the Effect of the Unit,.

The R.A.S.E., unit (82), with the proteotiv? cover removed, was
suspended in the chamber before this was charged with dust. The
chanber was charged ir the normal manner with MSC dust and s sample
of the dust cloud withdrawn by the T.P., immediately on formation of
the cloud, after # hour, 1,3,5 and 9% hours. The size distributionm
does not alter appreciably over this period.

Comparison of the size distribution over this period with the
distribution over 9 hours when no R.A.5.8. unit was used shows the
results to agree very closely, except for the sample withdrawn
immediately the cloud was formed(Tables 32 and 33).

It would appear then that the effect of the R.A.S.E. unit is
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Effect of Radio Active Static Eliminator on Aggregstion,

No ReAeS.E. Unit
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o 1 3 % B N
004'00.3 %01 24.5 2303 15.0 19.4
008-106 4"0'“ 37.5 41.6 59-0 47;4
1,6=2.4 20 .9 18,6 19.0 27 .4 23.3
204"3.? 3.2 10.1 9.5 11'4 906
2.?4.0 400 209 5‘4 5.?
4.0-"".0 3.‘75 2.0 3085 1.9
FeQ=B o 1.75 1.7 Q.68 1.7
G.O-R‘()

100 100 100 100 100
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3.9‘4.0 6.4 7|R 5.9 ?.2 5.85 6.4
4 1=F 0 l.4 1.9 1.6 2e3 3.28 1.6
5.0'500 0.6 008 0.5 0.8 0075 0025
6.0-R.0 e 0.3 025

100 100 1c0 100 100 |100
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instantaneous, This suggests that the particles are predominantly
charged one way and are being kept apart by their mutual repulsion
like the particles in a colloidal solution. The ions produced by
the unit will then be absorbed by the charged silica particles and
the fine particles will be able to aggregate. This effect will De
present in the chamber under normal conditions, owing to the presence
of gaseous ions in the atmosphere, but to a much lesser degree. The
fact that the final state of aggregation is the same with and with-
out the R.A.S.E. unit suggests that the mechanism is the same in both
cagses but that it is accelerated by the use of the unit.

An alternative explanation is that the particles are initislly
neutral but pick up charges of both signs by collision with the ions
produced by the R.A.S5.E. unit, and then attract each other. The

former explanation is preferred.




101

gomclusious.

The sige distribution of a dust cloud was shown to alter

was deteoted in the szige distribution durimg the next eleven hours.
After nineteen hours the sedimentation of the larger particles
gave & dust cloud with a size distribution approximately egqual to
the original.

The effect of spraying wae to remove or break up the larger
particles and aggregetes giving, as & result, a dust cloud with a
higher percentage of baraful dust particles.

The effect of a 5% sodium chloride solution was to give a
slight increase in the aggregation of the dust particles. This
effect was mnot detected when a 1% sodium chloride solution was used,

The use of a Radicaotive Static Rliasinator resulted in the
imvediate aggregation of a duet cloud to a size distribution com-
parable with a period of sedimenting for ome hour. No further change

in the size distribution was detected over the next 8§ hours.
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Section 6.

» soussio gstions for L .

:!’ Estimation of lust Congemtratiem.

Exploratory work on the effect of aqueous sprays on the sup-
pression of airborme dust had been carried out by Maseie (41) using
the light extinction method to estizate the concentration. The
same method was employed in the initial stages of the present work,
but since the results obtained were diffiocult to interpret with respect
to health hasard and were subject to a number of errors, (e.g. the
fatigue of the photoelectric cells and the effeoct of particle size
on the amount of light obscured) subsequent experiments were carried ocut
using the T.P. The T.P. had the advantage that it ococuld be used to
estimate the dust aver a wide runge of concentration and also emable
the sigze distribution of the cloud to be estimated.

In further investigations on the seltling ehlzueterictlc; of
airborme dusts snd the effect of sprays om the dust it would be ad-
visable to connect the .E.C. systems to a multi-point automatioc
recorder., This would allow the operator to obtain results on the
behavionr of the dust cloud with respect to surface area and also te
use the T.P. to obtain the sizme distribution of the cloud. To operate
the recorder it would be necessary to use valve-type photo-cells, such
as those produced by Padio Rlectronics Ltd,, ¥ertom Road, Lomndom.

The Suppression of iirborne Tust.
The experiments have shown that a fine silica dust cloud is

affected by an agqueous spray. The most effective suppression is

achieved at high atomisation of the epray solution. This ocan be
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achieved by increasing the water pressure or lowering the surface

tension at low water pressure. The efficlency of a spray solution
in suppressing a dust has been shown to be lowered if the vapour
pressure of the solution is increased. '

It should be borne in wmind when comaidering the efficiency ef-a- - -
spray in reducing the dust concentration that the spray will be more
efficient in the chamber than under ordinary working conditionms.

The reason for thies is the confined space and the turbulence in the
chanber, which will increase the likelihood of contac; between droplet
and particle. The rate of evaporation of the water droplets will

not be so great in the dust chamber after the initial spraying period,
owing to the high relative humidity which will then exist. This facter
will also contribute to a higher dust-suppression efficiency tham would
be found under mining conditioma.

The effect of sprays on different dusts should be investigated,
e.ge Gusts soluble in water, to show whether the interfacial temsion of
the droplet and the particle plays any part im the knockdown of the dusts.
It is not considered by the writer to have an effect on the efficiency |
of suppression, since alteration of the surface tension of the water
droplets {and, therefore, of the interfacial tension of the particles
and the droplets) was shown to be ineffective provided that the atom-

isation remained unaltered.

The Effect of the R.A.S5.E. unit.

Investigation of the effect of influencing the electrostatic

charge on the fine eilieca particles is considered by the writer te
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be the most promising line of research to follow. R.A.S.E. units
of greater strength should be used and their effect on the rate of
aggregation followed. It is questionable whether such a method of

i1l effects to the health of the workers, but it would be an invest—
igation of fundamental importance.
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