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FOREWORD

This report was prepared by Martin Marietta Laboratories, Baltimore, Maryland,
and Marcom Associates, Inc., Annandale, Virginia, under USBM Contract Number
J0235005, It was administered under the technical direction of the U.S, Bureau of
Mines, Pittsburgh Researeh Center, with Jon Volkwein acting as Technical Project
Officer. David Askin was the contract administrator for the Bureau of Mines, This
report is a summary of the work recently completed as a part of this contract

during the period September 1983 to September 1985. This report was submitted
by the authors in February 1987,

Mr. Vinit Mody, program manager and principal author, was assisted by co-author
Mr. Rajendra Jakhete. Ms. Angela Mulloy of Marcom Associates, Ine., directed the
technical editing and preparation,

This handbook is intended only as a guide. Dust controls for
individual sites must be designed, implemented, and operated
according to applicable federal, state, and local regulations
and specific site conditions. Martin Marietta Corporation !
assumes no responsibility for the accuracy, adequacy, or| 7
completeness of the concepts, methodologies, or protocols
described in this handbock.

S pedgpaedak,
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Chapter 1
Dust and Its Control

Dust consists of tiny solid particles carried by air
currents. These particles are formed by a disintegra-
tion or fracture process, such as grinding, crushing, or
impact, The Mine Safety and Heglth Administration
(MSHA) defines dust as finely divided solids that may
become airborne from the original state without any
chemical or physical change other than fracture,

What Is Dust?

A wide range of particle sizes is produced during a

dust generating process. Particles that are too large
to remain airborne settle while others remain in the
air indefinitely.

Dust is generally measured in micrometers {(commonly
known as microns). Some common objects and their
size in microns are listed below,

pm
Red blood corpuscles 8
Human hair 50-75
Cotton fiber 15-30

.. ,

A Micron-Size Dust Particle
on a Pin Head

Dust is generated by a wide range of manufacturing,
domestie, and industrial activities, Construction,
agriculture, and mining are among the industries that
contribute most to atmospherie dust levels.

In minerals processing operations, dust is emitted—

¢ When ore is broken by impact, abrasion, crushing,
grinding, ete.

How Is Dust Generated?

11



Dust Control Handbook for Minerals Processing

e Through release of previously generated dust
during operations such as loading, dumping, and
transferring

e Through recirculation of previously generated
dust by wind or by the movement of workers and
machinery

The amount of dust emitted by these activities
depends on the physical characteristics of the material
and the way in which the material is handled,

Types of Dust

Total dust

Tnhatable dust

Respirable dust

J

Human Respiratory System

Respirable Dust
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Fibrogenic dust, such as free crystalline silica (FCS) or
asbestos, is biologically toxic and, if retained in the
lungs, can form scar tissue and impair the lungs'
ability to funection properly.

Nuisance dust, or inert dust, can be defined as dust
that contains less than 19 quartz. Because of its low
content of silicates, nuisance dust has a long history of
having little adverse effect on the lungs. Any reaction
that may occur from nuisance dust is potentially
reversible, However, excessive concentrations of nui-
sance dust in the workplace may reduce visibility (e.g.,
iron oxide), may cause unpleasant deposits in eyes,
ears, and nasal passages fe.g., portland cement dust),
and may cause injury to the skin or mucous membranes
by ehemiecal or mechanieal action.

From an occupational health point of view, dust is
classified by size into three primary categories:

e Respirable dust
o Inhalable dust
e Totsal dust

Respirable dust refers to those dust particles that are
small enough to penetrate the nose and upper respira-
tory system and deep into the lungs, Particles that
penetrate deep into the respiratory system are gen-
erally beyond the body's natural clearance mechanisms
of cilia and mucous and are more likely to be retained.

MS8HA defines respirable dust as the fraction of air-
borne dust that passes a size-selecting device, having
the following characteristies:



Aerodynamic diameter, Percent
pm passing
(unit density spheres) selector
2.0 90
2.5 75
3.5 50
5.0 25
10.0 0

The EPA describes inhalable dust as that size fraction
of dust which enters the body, but is trapped in the
nose, throat, and upper respiratory tract, The median
aerodynamic diameter of this dust is about 10 um,

Total dust includes all airborne particles, regardless of
their size or composition.

Panetrslon, %
¥4 s8R 8 388 F

Dust and Its Control

o B

o1 ¥ 3 & 5 & 7 B § ¢

Parucle Diameter, ,m
Definition of
Respirable Dust

Inhalable Dust

Total Dust

Although unavoidable in many minerals processing

operations, the escape of dust particles into the work-
place atmosphere is undesirable. Execessive dust emis-
sions can cause both health and industrial problems:

¢  Health hazards
- Occupational respiratory diseases
- Irritation to eyes, ears, nose, and throat
- Irritation to skin
e Risk of dust explosions and fire
¢ Damage to equipment
¢ Impaired visibility
¢ Unpleasant odors
e Problems in community relations
Of greatest concern is the health hazard to workers
who are excessively exposed to harmful dusts. In

order to evaluate the severity of health hazard in a
workplace, the American Conference of Governmental

Why Is Dust Control
Necessary?

13



Dust Control Handbook for Minerals Processing

Industrial Hygienists (A CGIH) has adopted a number of
standards, commonly known as threshold limit values
(TLV's). These values are used as guides in the
evaluation of health hazards, TLV's are time-weighted
concentrations to which nearly all workers may be
exposed 8 hours per day over extended periods of time
without adverse effects, MSHA uses these TLV's for
health hazard evaluation and enforcement.

Health Hazard Factors

Healthy Lung Contaminated Lung

14

Not all dusts produce the same degree of health
hazard; their harmfulness depends on the following
factors:

e Dust composition
- Chemical
- Mineralogical

e Dust concentration
- On a weight basis: milligrams of dust per
cubic meter of air (mg/m3)
- On a quantity basis: million particles per
cubie foot of air (mppef)

e Particle size and shape
-  The particulate size distribution within the
respirable range
-  Fiberous or spherical

¢ Fxposure time

Excessive or long-term exposure to harmful respirable
dusts may result in & respiratory disease called
pneumoconiosis, This disease is caused by the buildup
of mineral or metallic dust particles in the lungs and
the tissue reaction to their presence. Pneumoconiosis
is a general name for a number of dust-related lung
diseases. Some types of pneumoconiosis are:

¢ Silicosis — Silicosis is a form of pneumoconiosis
caused by the dust of quartz and other silicates.
The condition of the lungs is marked by nodular
fibrosis (scarring of the lung tissue), resulting in
shortness of breath. Silicosis is an irreversible
disease; advanced stages are progressive even if
the individual is removed from the exposure.



¢ Black Lung — Black lung is a form of pneumo-
coniosis in which respirable coal dust particles
accumulate in the lungs and darken the tissue.
This disease is progressive, Although this disease
is commonly known as black lung, its official
name is coal worker's pneumoconiosis (CWP).

e Asbestosis — Asbestosis is a form of pneumo-
coniosis caused by asbestos fibers, This disease is
also irreversible,

Dust and Its Control

Dust control is the science of reducing harmful dust
emissions by applying sound engineering prineiples.
Properly designed, maintained, and operated dust con-

trol systems can reduce dust emissions and, thus,-

workers' exposure to harmful dusts, Dust control
systems can also reduce equipment wear, mainte-
nance, and downtime; increase visibility; and boost
employee morale and productivity,

Reducing employee exposure to dust can be accom-
plished by three major steps:

. Prevention
¢ Control systems
e Dilution or isolation

The saying "prevention is better than cure" can cer-
tainly be applied to the control of dust. Although
total prevention of dust in the bulk material handling
operation is an impossible task, properly designed bulk
material handling components can play an important
role in reducing dust generation, emission, and
dispersion,

After all the necessary preventive measures have been
adopted, the dust still remaining in the workplace can
be controlled by one or more of the following
techniques: dust collection systems, wet dust suppres-
sion systems, and eirborne dust capture through water
sprays,

How Is Dust Controlled?

Prevention

Control Systems

15
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Dust collector

Ductwaork

Fan and motor

Exhaust hood

Dust Collection System

Wet Dust Suppression
System

" Dilution- Isolation
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Dust Collection Systems

Dust collection systems use industrial ventilation prin-
ciples to capture airborne dust from the source, The
captured dust is then transported to a dust collector,
which cleans the dusty air,

Wet Dust Suppression Systems

Wet dust suppression systems use liquids (usually
water) to wet the material so that it has a lower
tendency to generate dust. Keeping the material
damp immobilizes the dust, and very little material
becomes airborne,

Airborne Dust Capture Through Water Sprays

This technique suppresses airborne dust by spraying
fine droplets of water on the dust cloud. The water
droplets and dust particles collide and form agglom-
erates, Once these agglomerates become too heavy to
remain airborne, they settle from the airstream.

Dilution Ventilation

This technique reduces the dust concentration in the
area by diluting the contaminated air with uncontami-
nated fresh air. In general, dilution ventilation is not
as satisfactory for health hazard control or dust
collecting systems; however, it may be applied in
eirecumstances where the operation or process pro-
hibits other dust control measures.

Isolation

Isolation is another means to protect workers from
exposure to harmful dust. In this technique, the
worker is placed in an enclosed cab and supplied with
fresh, clean, filtered air,



Chapter 2

Preventing Dust
Formation

In any minerals processing facility, dust is generated
when ore is shattered or broken as in dumping, loading,

transferring, or handling. Proper design, selection,

and operation of equipment to minimize ore breakage
can therefore reduce dust.

Two primary groups of equipment are used in minerals
processing operations:

e Processing equipment such as crushers, sereens,
grinding mills, and dryers

e Bulk material handling equipment such as belt
conveyors, screw conveyors, bucket elevators,
feeders, and hoppers

Processing equipment processes the ore into a final
product, Bulk material handling equipment transfers
ore between processing equipment and from the mine
to the processihg facility.

Processing equipment must be retrofitted with dust
control measures; dust control measures can be
implemented when bulk material handling equipment is
designed. Although the choice of equipment for a
specific operation is based on process needs, the use of
aiternate equipment, improved equipment design, or
sometimes even a change in process can greatly
reduce dust emissions. Simple measures such as
providing shrouds, covers, or enclosures around a dust
source can also help to contain dust emissions or allow
the existing dust control system to operate more
efficiently.

Introduction

17
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The following sections describe the most commonly
used processing and bulk material handling equipment,
their major dust emission points, and measures to
prevent or reduce dust generation, emission, and
dispersion. Several common minerals processing
operations are also discussed.

Belt Conveyors

Tail end

Transfer chute

Carrying idler

Skirmng
rubber saal

Gravity takeuvp

Belt Conveyor

Types of Belt Conveyors

Troughed Belt

Flat Belt

Emission Points

18

The belt conveyor is one of the major pieces of
equipment used to transfer ore between processing
equipment and from one point to another within a
minerals processing facility. It is also one of the most
frequent sources of dust emissions.

There are two primary types of belt conveyors:

e Troughed belt conveyors

¢ TFlat belt conveyors
Troughed belt conveyors are the most common type of
conveyor used in mining and minerals processing

operations. Flat belt conveyors are used mostly in
nonmining industries,

Belt conveyors emit dust from the following four
points:

e The tail end, where material is received

¢ The conveyor skirting



¢ The return idlers, due to carryback of fine dust on
the return belt

e The head end, where material is discharged

The following measures should be considered in the
design or selection of a belt conveyor.

Belt Loading

The amount of dust generated at belt conveyor
transfer points depends on the way the material is
loaded onto the belt, To reduce dust generation—

® The material should be loaded onto the center of
the belt,

¢ The material and the belt should travel in the
same direction and at the same speed, whenever
possible,

Impaet at Loading Point

A momentary deflection of the belt between two
adjacent idlers may result when ore strikes the belt.
As a result, a puff of dust may leak out under the
skirting rubber seal. To prevent dust emissions at the
loading point, adequately spaced impact idlers (1-ft
centers) should be located at transfer points, These
will absorb the force of impact and prevent deflection
of the belt between the idlers, thus preventing dust
leakage under the skirting rubber seal.

Conveyor Skirting

Skirtboards are used to keep the material on the belt
after it leaves the loading chute. They are equipped
with flat rubber strips that provide a dust seal
between the skirtboards and the moving belt.

The conventional skirtboard design uses vertical
rubber strips. This design is not recommended for the
following reasons:

® The vertical rubber seals wear out quiekly.

¢ The rubber must be adjusted constantly to prevent
dust leakage, and this is often neglected.

Preventing Dust Formation

Dust Prevention Measures

5

Momentary Deflection
of Belt

Skint plates

Closely spaced impact idiers

Skirtboards/
e -~ - -
o>
- -
— " Bolted adjustablé™
rubber deging

Belt

NOT RECOMMENDED

Conventional Skirting
. 19
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Muckshalt at
impsct point
Neoprene gasxet

Quick relesse
clamp

~— l ——

at "%% Muckshalf
9 pig e B
s

Muckshelf

Beit sodty

Dust Seal at Head End
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Illustrated is an improved skirting design, which has
the following important features:

e The skirtboards are sufficiently high and wide to
accommodate both the volume of material and
the pressure surges caused by the inflowing
material and induced air,

¢ Quick-disconnect clamps are used instead of
conventional bolts for fast, easy adjustment of
the rubber.

e The flexibility of the inelined skirting rubber
allows it to rest on the moving belt at all times,
even when the belt is momentarily deflected
between the idlers.

e The inclined skirting rubber is 1/2 in, thick with
60-65 durometer hardness and provides a greater
wear area for inereased life.

¢ The top edges of the skirtboards are covered and
sealed with self-adhesive neoprene rubber gaskets
for a proper dust seal.

A double skirting can be installed in the impact zone if
the incoming material hits the skirting rubber directly,
increasing the wear rate.

Muckshelves

Muckshelves can be installed in the belt conveyor's
material impact zone to—

¢ Load the material centrally on the belt and keep
the belt properly aligned

e Protect the inclined skirting rubber from direct
impaet with the incoming material

Dust Curteins

Dust curtains are used to contain dust within a
conveyor enclosure. They should be installed at the
head, tail, and exit ends. Dust curtains are made of
rubber with 60-65 durometer hardness and can be
hinged at the conveyor's head and exit ends to provide
easy access during maintenance,



Preventing Dust Formation

Belt Cleaners

Dusl curtain T ]
Belt Serapers — A belt scraper should be installed at } {
the head pulley to dislodge fine dust particles that N ' e
may adhere to the belt surface and to reduce
carryback of fine materials on the return belt., A
scrapings chute should also be provided to redirect the . . i
material removed by the belt scraper into the process Pk sl ither seal
stream or container. Conveyor Dust Seal
Dust Curtain at Tail End

V-Plow — Product spillage or dust leakage may fall on

the noncarrying side of the belt and eventually build

up on the surfaces of the tail pulley. This buildup may

move the belt laterally and thus make the skirting

rubber seals ineffective, A V-plow installed on the b = Belt Width fin.) A P
noncarrying side of the belt will clean the belt and R
prevent buildup of material and dust on the tail pulley, gg ég ;51’ ’
thus keeping the belt properly aligned. 36 29 97

42 36 32
48 41 36

|

O od

el

Conveyor Capacity

The belt conveyor should be designed to operate at
75% of its full rated capacity. This reduces spillage,
dust emission, and wear on skirting rubber seals.

]
The following measures are suggested to adjust the !
loading capacity of existing conveyors: _IL

e Increase the belt speed

Tail pulley

¢ Change the idlers' angle (for example, from 20° to
350) ° J ? V-Plow

o Increase the conveyor width (for example, from
24 to 36 in.)

Transfer chutes transport ore from one piece of Transfer Chutes
equipment to another. Significant dust generation can
result if the transfer chute is not designed properly.

The following points should be considered when Dust Prevention Measures
designing a transfer chute:

21
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Loading chute

Logding skirtboards
Stona box

Tail pulley

Rockbox

Chute

Angles weldsd to
chuta bottom provide
mini-rockboxes

Sc¢reen hars

Fires to beft

Ged of fines ah belt

Fines and Lumps
on Belt

Spiral Chute Bin-Lowering Chute
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The chute should be big enough to avoid jamming
of material and reduce air flow, When fine
material and lumps are mixed in the product
stream, the chute depth should be at least three
times the maximum lump size to avoid jamming.

The chute should be designed so the material falls
on the sloping bottom of the chute and not on the
succeeding equipment.

Wherever possible, the material should fall on a

local rockbox or stonebox rather than on the

metal surfaces to—

-  Reduce dust and noise generation

- Absorb the impact of incoming material

- Reduce wear and abrasion of the chute
surfaces

- Reduce the height of material fall

- Reduce dust emission from the backspill
rubber seal at the tail end of the conveyor

Note: When handling fine or abrasive materials, a
number of small steel angles can be welded on the
chute bottom to form mini-rockboxes. The
oncoming material slides on the material stored in
the rockboxes, greatly reducing wear and abrasion
of the chute bottom,

Abrupt changes of direction must be avoided to
reduce the possibility of material buildup,
material jamming, and dust generation.

Curved, perforated, or grizzly chute bottoms
should be used when the product stream consists
of fines and lumps. Placing a layer of fines ahead
of the lumps on the belt helps prevent heavy
impact of material on the belt, which reduces belt
wear and dust generation,

Other types of chutes are used for controlling dust
during bulk material handling:

Spiral chutes are used to prevent breakage of
fragile or soft material.

Bin-lowering chutes are used to feed bins and
hoppers without generating large amounts of dust.
These chutes consist of a channel that runs from
the disecharging equipment down into the bin. The
channel is secured to the sloping side of the bin.
Ore slides down the chute quietly, with minimum



dusting, When the material meets the bin side or
the surface of the material in the bin, it leaves
the chute from the sides and spreads out
conically,

Rock ladders are used to prevent breaking and
crumbling of rock, They consist of a steel tower
with a series of baffles (or mini-rockboxes)
arranged so the discharged rock never has a free
drop of more than 5 to 6 ft, This lower drop
height significantly reduces dust.

Telescopie chutes are used to minimize the height
of material fall into stockpiles, The telescopic
sections are usually cable-connected so a winch
can lift the sections of the chute, The lower end
of the chute is always kept just clear of the top of
the stoeckpile to reduce dust,

Preventing Dust Formation

Rock Ladder

Enclosures are used to contain dust emissions around &
dust souree. They can also lower the exhaust volume
requirements of a dust collection system or help make
the existing dust collection system work more
efficiently,

The following guidelines are suggested when designing
an enclosure for a dust source:

Enclosures should be spacious enough to permit
internal circulation of the dust-laden air.

Enclosures should be arranged in removable
sections for easy maintenance.

A hinged aeccess door should be provided to aid
routine inspection and maintenance.

Dust curtains should be installed at the open ends
of the enclosures to contain dust and reduce air
flow.

Enclosures

Dust Prevention Measures

Exhausted enclosures.

e oo
Fﬂ = ’“ ﬂ

Narrow Spacious
Enclosure Enclosure
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Crushers

Types of Crushers

Jaw Crusher

24

Dichamge

Crushers reduce coarse material to a desired size.
The crushing process uses mechanical energy and
rubbing to fracture the rock. The forces applied to
rock fragments during crushing processes are—

e Compression force

o Impact force

Compression is a slow application of foree on the rock
while impaet is a short, sudden application of force,

All crushers generate dust. Crushers that primarily
use impact forees produce large amounts of fines and
dust, Those that primarily use compression forces
produce dust in proportion to the stage of reduction:
dust production increases progressively from first- to
third-stage crushing.

There are six main categories of crushers used in
minerals processing operations:

Jaw crushers
Gyratory crushers
Cone crushers
Hammermills

Impact breakers

Roll erushers

Jaw, gyratory, and cone ecrushers primarily use
compression forces; hammermills, impact breakers,
and roll crushers use impact forces.

Foed

&

Crushing
surface

o 5}%’

Gyratory Crusher Cone Crusher



Impact Breaker

Hammermill

Crushers emit dust primarily from two points:

e Crusher discharge
® Crusher feed

Dust control measures are not usually considered in
the design of a crusher. However, the use of shrouds
or enclosures for crushers can contain the dust so that
a dust control system can operate more efficiently.
The following measures are recommended:

e A crusher feedbox with a minimum number of
openings should be installed. Rubber curtains
should be used to minimize dust escape and air
flow,

® The crusher should be choke fed to reduce air
entrainment and dust emission,

Dust escape at the crusher discharge end can be
minimized by properly designed and instelled transfer
chutes.

Preventing Dust Formation
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Screens Sereens are used to sort material according to size.
The material fed intc a secreen is separated into at
least two sizes:

e Undersize material, which passes through the
sereen opening

e Oversize material, which is retained on the screen
surface

Although screening can be either wet or dry, dry
screening is most often used in minerals processing
operations.

Dust is generated in all dry screening processes.
However, the amount of dust depends on the particle
size contained in the ore, the moisture content, and
the type of screening equipment used. Generally, a
screen processing finer material produces more dust,
Also, screens agitated harder and faster produce more
dust than those vibrated more gently and slowly.

Types of Screens The four most common types of screening equipment
are—

Crizzlies
Shaking screens
Vibrating sereens

Revolving screens

Shaking Screen Vibrating Screen Revolving Screen
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In general, screens emit dust from the following
points:

e The top one-third of the screen surface where
incoming material hits

e The openings between moving parts (the screen)
and stationary parts (the discharge chutes)

e Discharge chutes

The rate of dust generated by screens cannot be
altered. However, properly enclosing the screen can
reduce dust emissions. A complete enclosure that can
be easily removed for maintenance and inspection
should be used. One commercially available enclosure
system consists of a special rubber cloth, rubber
molding, and simple metal hardware. The rubber cloth
can be attached to the screen to provide an -almost
perfect dust seal between the screen and the discharge
chutes, The top of the sereen can also be enclosed by
the rubber cloth to prevent dust escape. These
lightweight rubber covers not only provide a dust-tight
enclosure but also allow easy meaintenance, inspection,
and replacement of screening surfaces.

A tight sealing system reduces dust emissions and also
minimizes air flow, which reduces the exhaust volume
for the dust collection system installed downstream,

Some screen manufacturers provide sheet-metal
covers to enclose the top of the sereen. These covers
are effective when properly maintained. However,
they do not provide a dust seal between the moving
screen surfaces and the stationary chutes.

Preventing Dust Formation

Emission Points

Dust Prevention Measures

Bins and hoppers are used to store ore temporarily.
They act as buffers to absorb the surge between
unloading and consumption.

The ore is fed into the bin by various equipment, such
as conveyors, elevators, and scereens, The material is
normally discharged from bins and hoppers through
gravity or vibrating feeders.

Storage Bins and
Hoppers

27



Dust Control Handbook for Minerals Processing

Emission Points

Dust Prevention Measures
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Bins and hoppers primarily emit dust from—

Feed openings
Discharge feeder

Inspection doors

Dust emissions during feeding operations can be

minimized by—

Loading Spout

. Dusty air

L /Ccver
- To atmosphers or

\ dust collector

[~~_ Vent batween
bing

Installing & bin-lowering chute,

Completely enclosing the bin or hopper. When
bins and hoppers are enclosed completely, an
inspection door or a bin-level deteetor should be
installed so the material level can be monitored.

Dust emissions during material discharge can be
minimized by—

Installing a telescopie chute.

Installing a loading spout. Such spouts are
sophisticated versions of the telescopic chute and
are used to load and stack ore into barges, trucks,
and railroad cars. The spouts apply three basic
principles of dust control:

-  Containment

- Dust capture close to the source

-  Preventing air flow caused by the falling
material

The falling material is enclosed by a flexible duct,
acting as a chute, which retracts as the height of
the material pile increases, @ The duect also
prevents air flow during free fall of material
between the chute and stockpile. The generated
dust is captured by the same flexible duct and is
conveyed, countercurrent to the material flow, to
a dust collector,

Another method commonly used to reduce dust

Vent Between
Bins/Silos

emission is to transfer dusty air through a vent intc an
adjoining bin or silo, Of course, this assumes that
multiple bins are used, that the bins are totally
enclosed, and that the adjoining bin has room for the
displaced air to expand,
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A typieal bucket elevator consists of a series of
buckets mounted on a chain or belt that operates over
head and foot wheels, A steel casing usually encloses
the entire assembly. The buckets are loaded by
scooping up material from the boot (bottom) or by
feeding material into the buckets, Material is
discharged as the bucket passes over the head wheel.

e  Centrifugal discharge
e Positive discharge

¢ Continuous discharge
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Pucket elevators emit dust from two points:

e The boot, where material is fed
¢ The head wheel, where material is discharged

The steel casing that encloses the buckets and chain
assembly contains dust effectively unless there are
holes or openings in the casing,

Emissions at the boot of the bucket elevator ean be
reduced by proper design of a transfer chute between
the feeding equipment and the elevator. Dust
production can be reduced significantly by keeping the

Bucket Elevators

Types of Bucket Elevators

Emission Points

Dust Prevention Measures
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height of material fall to a minimum and by gently
loading material into the boot of the elevator.

Proper venting to a dust collector, as well as proper
enclosures and chutes between the elevator discharge
and the receiving equipment, will control dust
emission at the discharge end of the bucket elevator,

Feeders

Types of Feeders

Feeders are relatively short conveyors used to deliver

a controlled rate of ore to the processing equipment.

Although dust is emitted from all types of feeders, the
amount of dust depends on—
e The kind of material being handled
® The size of material
The degree of agitation of the material

e Apron

e Belt

e Reciprocating
e Vibrating

(]

Dise
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Vibrating Feeder

Disc Feeder
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Dust emission points from a feeder are—

e At the tail end, where material is received

e At the head end, where material is discharged

Reduce dust production during feeding operations by—
¢ Enclosing feeders as much as possible

e Selecting an oversize feeder or a feeder that
produces less agitation of the ore

Preventing Dust Formation

Emission Points

Dust Prevention Measures

Serew conveyors are one of the oldest and simplest
types of equipment used to move ore, They consist of
a conveyor screw rotating in a stationary trough.
Material placed in the trough is moved along its length
by rotation of the screw.

»Serew conveyors emit dust primarily from—

e The inlet, where material is received
¢ Leaks in the trough cover
e Worn-out troughs

- Normally, screw conveyors are totally enclosed except
at the ends, where emissions can be controlled by
proper transfer chute design.

The trough cover is usually fastened by nuts and bolts.
However, to maintain a proper dust seal, a self-
adhesive neoprene rubber gasket should be installed.
Many manufacturers provide two-bar flanges and
formed-channel cross members that make a continuous
pocket around the trough. The flange-cover sections
are set in this channel. Once the channel section is
filled with dust, an effective dust seal is created.

Screw Conveyors

Emission Points

Dust Prevention Measures

Dust Seal Trough
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Jacketed Trough

Abrasive materigls can wear out screw conveyor
troughs quiekly unless a special coating or abrasion-
resistant material is used for the trough,

Pneumatic Conveyors

Dust colester

|

Discharge

Pressure Conveying System

Drum coliwcror

1

Dazharge

Vacuum (Suction)
Conveying System

Emission Points

Dust Prevention Measures
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Pneumatic conveyors are tubes or ducts through which
material is moved by pressure or vacuum {suction)
systems.

Pressure systems can be either high or low pressure.
Low-pressure systems operate at pressures obtainable
from a fan; high-pressure systems use a compressed-
air source. When material is fed into a pressure
system, the airstream immediately suspends it and
conveys it to a cyeclone- or filter-type collector, The
conveying air then escapes through the cyclone vent or
a filter.

Vacuum systems offer clean, efficient pickup of
material from rail cars, trucks, or bins and hoppers for
unloading into other types of equipment. Cyclone
receivers or filters are used at the end of such systems
to separate the material,

Since pneumatic systems are totally enclosed, dust
emissions do not usually occur unless the system has
worn-out areas.

Because maximum wear in the conveying ductwork
occurs at elbows, long radius elbows made of heavy
gauge material should be used. The elbows can also be
lined with refractory or ceramic material to further
reduce the wear and abrasion.

In low-pressure pneumatic systems, dust may leak
through joints. Self-adhesive neoprene gaskets should
be used at all joints to provide a dust-tight seal.
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Grinding and pulverizing reduce ore to a desired
fineness for further treatment.

In its basic form, & grinding mill consists of a
horizontal, slow-speed, rotating cylindrical drum.,
Rod, pebble, and ball mills are the most common types
of grinding mills used in minerals processing
operations, Steel rods, balls, or pebbles roll freely
inside the drum during rotation to provide the
grinding action.

Dust is emitted from a grinding mill—

® At the inlet, where material is fed
e At the outlet, where material is discharged

Most grinding mills are fed by a belt conveyor or a
feeder. The ground ore is discharged to a screen,
conveyor, or elevator, _

Properly designed enclosures and chutes, as well as
rubber dust seals between moving and stationary
components, should be installed at the feed and
discharge ends to minimize dust emissions.

Grinding Mills

Emission Points

Dust Prevention Measures

Dryers remove water or other volatile material from
solid substances primarily by introducing hot gases
into a drying chamber. The hot air readily absorbs
moisture from the material.

Rotary dryers, flash dryers, spray dryers, and tray and
compartment dryers are a few of the many types of

Dryers
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Flight

Cross-Section View
of a Rotary Dryer

Emission Points

Dust Prevention Measures

dryers. FHowever, in minerals processing operations,
rotary dryers are the most ecommonly used.

Rotary dryers consist of a horizontally ineclined
rotating cylinder, Material is fed at one end and
discharged at the other end. In direct-type rotary
dryers, hot gases move through the cylinder in direct
contact with the material, either with or against the
direction of its flow. The cylinder is equipped with
flights, which lift the material and shower it down
through the hot gas stream. This type of dryer has a
potential for high levels of dust emission. In an
indirect-type rotary dryer, heat is applied by
combustion gases on the outside of the cylinder or
through steam tubes inside the eylinder. This type of
dryer has much less tendency to emit dust. It is
usually used when continuous drying of powdery or fine
material is needed.

Dust emission can be a problem in any dryer in which
material is agitated or stirred. Dust is emitted only
from the discharge end.

A study on rotary dryers by the Barber Greene
Company concluded that the dust carryout increased
proportionately to the square of the exhaust gas
volume,

The hot, dust-laden gases from the dryer are carried
to a dust collector, and dust normally does not escape
unless the ventilation system is worn out or improperly
maintained.

Stockpiles
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Large veolumes of processed material are stored in
open or enclosed stockpiles. Open stockpiles are
normally used when the material size is large.
Enclosed stockpiles are used when material is either
very fine or must be stored dry. Stockpiles are
considered active when material is continuously
removed or added. They are considered inactive when
material is not added or withdrawn for long periods,
All types of stockpiles can be a significant dust
source.



Generation of dust emissions from stockpiles is due
to—

e The formation of new stockpiles

¢ Wind erosion of previously formed piles

During formation of stockpiles by conveyors, dust is
generated by wind blowing across the stream of falling
material and separating fine from coarse particles.
Additional dust is generated when the material hits
the stockpile.

Dust from stockpiles can be reduced through the
following measures:

e Minimizing height of free fall of material and
providing wind protection using—

-  Stone ladders, which consist of a section of
vertical pipe into which stone is discharged
from the conveyor. At different levels, the
pipe has square or rectangular openings

through which the material flows to form the

stockpile. In addition to reducing the height
of free fall of material, stone ladders also
provide protection against wind.

-  Telescopic chutes, in which the material is
discharged to a retractable chute. As the
height of the stockpile inecreases or
decreases, the chute is raised or lowered
accordingly.  Although some free fall of
material from the end of the chute to the top
of the stockpile occurs, proper design of the
chute can keep the drop to a minimum.

-  Stacker conveyors, which operate on the
same principle as telescopic chutes. The
conveyor has an adjustable hinged boom that
raises or lowers it according to the height of
the stockpile.

e Ninimizing wind erosion of the stockpile by—
-  Locating stockpiles behind natural or
manufactured windbreaks
- Locating the working area on the leeward
side of the active piles
-  Covering inactive piles with tarps or other
inexpensive materials

Preventing Dust Formation

Emission Points

Dust Prevention Measures

Stone Ladder
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e Minimizing vehicle traffic on or around the
stockpile

e Using specislized equipment such as a reclaimer
to minimize the disturbance of the stockpile or
providing a tunnel underneath to reclaim the
material

Haul Roads

Emission Points

Dust Prevention Measures
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Haul roads are used in minerals processing operations
to transport ore from the quarry to the processing
plant, as well as within the facility. Large amounts of
dust can be generated during this process.

Dust emissions from hauling operations vary,
depending on—

® The condition of the road surface
e The volume and speed of vehicle traffic

Dust emissions from haul roads can be minimized by—

e Spraying the soil frequently with water,
chemicals, oil, or other stabilizing agents

e Paving the haul roads (Note: Paved roads should
be cleaned and vacuumed pericdically to remove
accumulated soil and dust.)

® Reducing traffie volume by replacing smeall haul
vehicles with larger ones

® Reducing and strictly enforeing traffic speed



Preventing Dust Formation

Ore is dumped or unloaded from trucks or railroad cars
in most minerals processing facilities.

Dust generation and emission during the dumping of
ore are caused by—

¢ Dumping large volumes of material in a relatively
short time (3 to 10 seconds), which displaces an
equal volume of air carrying fine dust particles

¢  Wind spreading the dust

Enclosures should be used to contain dust during
dumping. A sufficiently large enclosure will contain
most of the dust, as well as aid internal recirculation
of the dust-laden air,

Enclosures for railroad-car dumping operations must
have openings at each end to allow cars to enter and
exit. However, these openings can create a wind-
tunnel effect. To minimize this effeect, the size of
these openings should be kept as small as possible with
shrouds, rubber curtains, ete. Shrouds or rubber
curtains should also be used for other types of
. enclosures to reduce the area through which air can
escape or enter.

In addition to the above design guidelines, the
following operational measures are suggested:

¢ Increase the dumping cycle time to reduce the
rate of displaced air and thus reduce airborne dust
emissions.

e Decrease the amount of open area through which
the material flows. This measure will reduce the
escape of dust through uiused areas.

Truck and Railroad
Car Dumping

Emission Points

Dust Prevention Measures
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Powder Handling and
Packing
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Bagging Machine
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hopper
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Bag clamp

Manual
Bagging Machine
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Pulverized material, such as sand, silica flour,
hydrated lime, or other powdery material, is normally
shipped either in bulk quantities through trucks or
railroad cars or in small volumes using paper bags,
drums, or barrels. Although the process of filling a
bag, drum, or barrel is simple, packing fine material
can be an extremely dusty operation,

Two types of mini-bulk-packing processes commonly
used in minerals processing are—

e Bagpging
e Barrel or drum filling

This process uses bagging machines commonly known
as packers. Several different types of packers, such as
fluidized auger or screw type, belt or sling type, drop
type, and impeller type, are available, However, the
two most commonly used packers in the minerals
processing industry are—

e Open-mouth (drop-type) packers using sewn or
adhesive-sealed bags

e Spout fluidizing packers used with seal-valve bags

The open-mouth type uses gravity to fill sewn or
adhesive-sealed bags. The material is fed into a weigh
hopper, and when the correct weight is reached, the
feed gate closes and the contents drop into the open-
mouth bag,

The spout fluidizing packer uses compressed air to
force the material through a nozzle into a paper bag
equipped with & seal valve, When the desired weight is
reached, the compressed air supply is cut off and the
feed stopped. The internal pressure of the contents of
the bag then forces the valve to close.



Sometimes the final product is shipped in barrels,
drums, or containers. The material is fed into the
receptacle by gravity.

Hopper

Flexible
hese

Drum-Filling Operation

Considerable amounts of dust may be emitted during
bagging operations. The following are common
oceurrences:

Dust emitted while filling the bag. Material and
dust spillage may occur because of the
compressed air used to pressurize the bag.

Bag surface dust. The dust emitted during
bagging extremely fine products may stick to the
outer surfaces of the bag, This dust may become
airborne during later handling, conveying, loading,
or stacking of bags. TUnfortunately, attempts to
clean the bags by air brushing have been
unsuccessful.

Poor bag quality. Poor bag quality or improper
storage may result in broken bags, leaky valves,
or weak bag seams, Leaks from the valve and
poorly glued seams may be a continuous source of
dust as the bag is moved from the bagging
machine to the loading point.

Spillage from nozzles. Spillage from the nozzle
of spout fluidizing packers is another major dust
source, The bag is usually discharged from the
machine immediately after the flow of product
into the bag is stopped. However, fluidized
material remaining in the nozzle area continues

Preventing Dust Formation

Barrel or Drum Filling

Emission Points
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Dust Prevention Measures
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to discharge, which results in spillage. This
spillage may also prevent the bag valve from
sealing properly, which may cause another dust
source as the bag is handled.

Dust generation and emission during barrel- or drum-
filling operations result primarily from—

e Displaced air carrying fine dust

e Spillage of material during the filling process and
subsequent handling of drums and barrels

Dust emissions caused by bagging machines can be
minimized in the following ways:

® The bag should be properly attached to the spout
to reduce dust leakage or material spillage.

¢ Where possible, the bag's outer surfaces should be
wetted to prevent the surface dust from becoming
airborne,

Dust emissions due to poor bag quality can be
minimized by—

e TFollowing proper bag specifications

o Eliminating sharp obstructions during bag-
handling processes

e Using proper compressed-air pressures to fill the
bag, which can significantly reduce the number of
broken bags

e Storing bags at recommended temperatures and
humidity levels to prevent drying and c¢racking

In the case of spout fluidizing packers, the following
additional measures are suggested:

¢ The fluidized air in the bag should be vented to
control dust emissions during filling, This can be
done by using bags with perforations staggered
through the layers of bag paper. This eliminates
a direct path for the product and reduces dust
spillage, while maintaining adequate =air relief
through the bag., The porosity of the paper
further aids air relief and has a filtering effect.



The nozzle should be cleaned before the bag is
released from the machine to prevent spillage of
material from the nozzle. Cleaning s
accomplished by injecting a short, high-velocity,
low-volume blast of compressed air at the rear of
the nozzle to fluidize the remaining material in
the nozzle and force it into the bag. (This
procedure is useful only for fine granular
material, such as whole grain sand. For finely
ground material such as ground silica, a
specialized nozzle developed by the Bureau of
Mines may be used.)

Dust generation and emission during drum- or barrel-
filling operations can be minimized by—

Providing a cover with a flexible chute attached
to the storage bin

Eneclosing the operation as much as possible to
contain the dust

Reducing the rate of discharge of the material

i - -
[ Aetractable
T enclosure

Dust Enclosure for
Drum-Filling Operation

Preventing Dust Formation
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Chapter 3

Dust Control Systems

After dust is formed, control systems are used to
reduce dust emissions. Although installing a dust
control system does not assure total prevention of dust
emissions, a well-designed dust control system can
protect workers and often provide other benefits,
such as—

Preventing or reducing risk of dust explosion or
fire

Increasing visibility and reducing probability of
accidents

Preventing unpleasant odors

Reducing cleanup and maintenance costs

Reducing equipment wear, especially for com-
ponents such as bearings and pulleys on which fine
dust can cause a "grinding" effect and increase
wear or abrasion rates

Increasing worker morale and productivity

Assuring continuous compliance with existing
health regulations

Proper planning, design, installation, operation, and
maintenance are essential for an efficient, cost-
effective, and reliable dust eontrol system.

Preceding page blank

Why Dust Control?
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Types of Dust
Control Systems

The three basic types of dust control systems
currently used in minerals processing operations are—

¢ Dust collection
¢  Wet dust suppression

e Airborne dust capture

Dust collection systems use ventilation principles to
capture the dust-filled airstream and carry it away
from the source through ductwork to the collector.

Wet dust suppression techniques use water sprays to
wet the material so that it generates less dust.

Airborne dust capture systems may also use a water-
spray technique; however, airborne dust particles are
sprayed with atomized water, When the dust particles
collide with the water droplets, agglomerates are
formed. These agglomerates become too heavy to
remain airborne and settle.

Selection of a Dust
Control System

44

The selection of a dust control system is normally
made based on the desired air quality and existing
regulations. Dust collection systems can provide reli-
able and efficient control over a long period; however,
the capital and operating costs are high. Wet dust
suppression and airborne dust capture systems, while
somewhat less efficient, are less expensive to install
and operate but also require careful selection and
planning to be most effective.

The facilities that require dust control should be
surveyed in detail before a dust control system is
selected. Emphasis should be placed on the process,
the operating conditions, the echaracteristies of the
processing equipment, associated dust problems, and
toxicity of the dust. The following is a list of
information that may be required:

e Process flow diagram of the facility indicating
items such as the type of material being handled,
material flow rates, and the type of equipment



e Major dust emission points and conditions that
occur at these points during normal operations

e Desired performance of the system

e Drawings indicating equipment layout

e Retention time of material in bins or stockpiles
¢  Availability of electrical and other utilities

® Aregs requiring freeze proteection

Dust Control Systems

The dust collection system, also known as the local
exhaust ventilation system, is one of the most effec-
tive ways to reduce dust emissions.

A typical dust collection system consists of four major
components:

o An exhaust hood to capture dust emissions at the
source

¢ Ductwork to transport the eaptured dust to a dust
collector

e A dust collector to remove the dust from the air

¢ A fan and motor to provide the necessary exhaust
volume and energy

Fach of these components plays a vital role in proper
operation of a dust collection system, and poor per-
formance of one component can reduce the effective-
ness of the other components. Therefore, careful
design and selection of each component is eritical,

The following sections describe the design of exhaust
hoods and ductwork used to remove dust from the
process, Chapter 4 discusses dust collectors, fans, and
motors, which are used to collect the dust for disposal.

Dust Collection Systems

Ductwork

Fan and motor

Dust collector

Exhaust hood

Components of
Dust Collection System
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Principles of Airflow

Static Pressure (SP)

sp

Velocity Pressure (VP)

VP
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Air flows from a high- to a low-pressure zone due to
the pressure difference. The quantity and the velocity
of airflow are related according to the following
equation:

Q = AV
where:
Q = volume of airflow, ft3/min
Y = velocity of air, ft/min
A = cross-sectional area through which

the air flows, ft2

Air traveling through a duct is acted on simultaneously
by two kinds of pressure:

® Static pressure

® Velocity pressure

Both SP and VP are components of a third kind of
pressure:

° Total pressure

Static pressure (SP) is a force that compresses or
expands the air. It is used to overcome the frictional
resistance of ductwork, as well as the resistance of
such obstructions as coils, filters, dust collectors, and
elbows.

SP is the difference between pressure in a duet and
that in the atmosphere, When the SP is above the
atmospheric pressure, it has a positive sign (+); when it
is below the atmospheric pressure, it has a negative
sign {-), SP is commonly measured in inches of water.

SP always acts perpendicular to the ductwalls and
creates outward pressure when positive and inward
pressure when negative,

Velocity pressure (VP) is the pressure required to
accelerate the air from rest to a particular velocity.
It exists only when air is in motion, always acts in the
direction of airflow, and is always positive in sign. VP
is also commonly measured in inches of water.

Note: The relationship, as illustrated, is valid only
when g=32.2 ft/s? (gravitational acceleration con-
stant) and P = 0.075 1b/ft3 (air density). For other
conditions, a correction factor must be used.



Total pressure is the algebraic sum of SP and VP, Itis
the pressure required to start and maintain the air-
flow.

If the velocity of air flowing through a duct increases,
part of the available SP is used to create the addi-
tional VP to accelerate the airflow, Conversely, if the
velocity is reduced, a portion of the VP is converted
into SP. These conversions, however, are always
accompanied by a net loss of TP (in other words, the
conversion is always less than 100% efficient).

When air enters a suction opening, the airstream
gradually contracts a short distance downstream and,
as a result, a portion of the static pressure is con-
verted into velocity pressure, The plane where the
diameter of the jet is the smallest is known as the
vena contracta. After the vena contracta, the air-
stream gradually expands to fill the duet and, conse-
quently, a portion of the velocity pressure is converted
into static pressure. Both of these pressure conver-
sions are accompanied by losses, which reduce the
airflow. The amount of airflow reduction can be
defined by a factor known as the coefficient of entry,
“Ce.ﬂ

This represents the percentage of flow that will occur
into a given exhaust hood based on the static pressure
developed by the hood. It is defined as the actual rate
of flow caused by a given static pressure compared to
the theoretical flow that would result if there were no
losses due to pressure conversions,

Related to the Cg is the term "hood entry loss" or
"he " It is defined as the factor representing the loss
in pressure caused by air flowing into & duct. It is
measured in inches of water,

The exhaust hood is the point where dust-filled air
enters a dust colleetion system. Its importance in a
dust collection system ecannot be overestimated. It
must capture dust emissions efficiently to prevent or
reduce worker exposure to dusts. The exhaust hood—

¢ Encloses the dust-producing operation

e Captures dust particulates and guides dust-laden
air efficiently

Total pressure = Static
191" 1

Dust Control Systems

Total Pressure (TP)
TP = SP + VP

Pressur ) + Velocity pressure
n A 0.80"
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adually o reach highest value at véna

contracta plane, while the SP decreases gradually and
reaches lowest value at the same plane
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"Ce", Coefficient of Entry
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Actual airflow
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"he", Hood Entry Loss

Exhaust Hood
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Types of Exhaust Hoods

The three general classes of exhaust hoods are—

Local hoods
e Side, downdraft, and canopy hoods

. Booths or enclosures

Local hoods are relatively small structures. They are
normally located close to the point of dust generation
and capture the dust before it escapes. Local hoods
are generally efficient and typically used for processes
such as abrasive grinding and woodworking,

Side, downdreft, and canopy hoods are larger versions
of local hoods. They also rely on the concept of
preventing dust emissions beyond the econtrol zone,
They are typically used for plating tank exhausts,
foundry shakeouts, melting furnaces, ete. These hoods
are generally less efficient than local hoods,

Booth and enclosure hoods isolate the dust-generating
process from the workplace and maintain an inward
flow of air through all openings to prevent the escape
of dust. These hoods are the most popular type in
minerals proeessing operations because they are very
efficient at minimum exhaust volumes, They are
typically used for areas such as vibrating or rotating
sereens, belt conveyors, bucket elevators, and storage
bins.

‘ i et
Dust exhaust hood T
Dust curtain l il ‘
—e—r T l 1
R
£
: T Rock box
@ R, Back spill rubber seal
e Y
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Enclosure Hood



Design of Exhaust Hoods

The design of an exhaust hood requires sufficient
knowledge of the process or operation so that the most
effective hood or enclosure (one requiring minimum
exhaust volumes with desired collection efficiency)
can be installed.

The successful design of an exhaust hood depends on—

® Rate of airflow through the hood
¢ Location of the hood
e Shape of the hood

Of the sbove three factors, the rate of airflow through
the exhaust hood (that is, the exhaust volume rate) is
the most important factor for all types of hoods. For
local, side, downdraft, and canopy hoods, the location
is equally important because the rate of airflow is
based on the relative distance between the hood and
the source. The shape of the exhaust hood is another
design consideration. If the hood shape is not selected
properly, considerable static pressure losses may
result.

Rate of Airflow — Two approaches used in minerals
processing operations to determine the rate of airflow
needed through a hood are—

® Air induection
e Control velocity

Air Induetion — The air-induction concept is based on
the theory that when granular material falls through
the air each solid particle imparts some momentum to
the surrounding air. Due to this energy transfer, a
stream of air travels with the material, Unless the air
is removed it will escape through all openings upon
meaterial impact, carrying the fine dust particles with
it. For adequate control of dust emissions, the ex-
haust air volume rate must be equal to or greater than
the air-induetion rate.

The air-induction phenomenon is of great significance
in calculating exhaust volumes. The concept can be
applied to many transfer points normally found in
minerals processing operations because the calcula-
tions are based on variables such as the material feed
rate, its height of free fall, its size, and its bulk
density.

Dust Control Systems
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Control-Velocity Approach

The exhaust volumes are calculated before the exhaust
hood is designed and placed. An approach suggested
by Anderson is the most commonly used in the industry
today. It is based on the results of a comprehensive
laboratory study made by Dennis at Harvard School of
Public Health. In its simplified form, it is—

2
Qind = 10 x Ay x { /B
where:
Qing=  volume of induced air, ft3/min
Ay = enclosure open area at upstream end

{point where air is induced into the
system by action of the falling material),

ft2
R = rate of material flow rate, ton/h
S = height of free fall of material, ft
D = average material diameter, ft

Due to the approximate nature of the formula,
Anderson recommends that—

Qind = QF
where:
Qe = required exhaust volume, ft3/min

The most important parameter in the equation Iis
A,—the opening through which the air induetion
occurs, The tighter the enclosure, the smaller the
value of A, and, hence, the smaller the exhaust
volume.

Although Anderson's approach can be widely applied, it
may not be appropriate for some special operations or
situations. When Anderson's approach cannot be
applied, the control-velocity approach should be used,

Control Velocity — In the control-velocity approach,
the exhaust hood is designed before exhaust volumes
are computed. This approach is based on the principle
that, by ereating sufficient airflow past a dust source,
the dusty air can be directed into an exhaust hood.
The air veloeity required to overcome the opposing air



currents and capture the dusty air is known as capture
velocity,

Dallavalle investigated the air-veloecity pattern in a
space adjoining an exhaust/suction opening and de-
veloped the following equation to determine exhaust
volume:

Q = Vx(0XZ + A)
where:
@ = exhaust volume, ft3/min
Vy = centerline velocity (i.e., capture velo-

city) at distance X from hood, ft/min

X = distance outwards along the hood axis, ft

b
I

area of hood face opening, ft2

Capture velocities for some typical operations are
provided in the table on the following page.

Loeation of the Exhaust Hood — The location of the
exhaust hood is important in achieving maximum dust-
capture efficiency at minimum exhaust volumes.
When the control-velocity approach is used, the loca-
tion of the hood is critical because exhaust volume
varies in relation to the location and size of the
exhaust hood. The location of the exhaust hood is not
as critical when the air-induction approach is used,

The air-induction approach requires the hood to be
located as far from the material impact point as
possible to—

® Prevent capturing coarse dust particles, which
settle quickly

e Capture only fine, predominantly respirable dust
e Reduce unnecessary transport of coarse dust
through ductwork and thus reduce dust settling in

horizontal duct runs

o Reduce dust loading (dust concentration) in the
exhaust gases

e Minimize subsequent cleaning and disposal of the
collected dust

Dust Control Svstems

Location of Hood Using
Air-Induction Approach
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e Prevent capture of valuable produets, especially
in ore-concentrating operations

The control-veloeity approach requires the hood to be
located as close to the source as possible to—

e WMaximize the hood capture efficiency for a given
volume

e Reduce the exhaust volume requirements

¢ Enclose the source as much as possible

Shape of the Exhaust Hood — Sizable pressure losses
may occur if the shape of the exhaust hood is not
designed properly. These pressure losses are due to

the mutual conversion of static and velocity pressures.

The following points should be considered in selecting
the shape of the hood:

i e The exhaust hood shape with the highest coeffi-
,\; s cient of entry value, Co, or the lowest hood entry
A loss factor, hg, should be selected. Various
values of Cg and h, are described in the following
(o —#a ~§'%§ table:
A /
1 y A
F 1 Nt A HOOD TYPE oEscRenon | COELLICENT OF | guthY 1058
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Effect of Flanged Opening Reprinted by permission from the Committee on

Industrial Ventilation, Lansing, MI, 18th Edition.
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e Wherever possible, the hood should be flanged to
eliminate airflow from zones containing no con-
taminants, This measure can reduce exhaust air
volume up to 25%. Tor most applications, the
flange width should not exceed 6 in,

The duetwork transports the dust captured by the
exhaust hood to a dust collector. Efficient transport
of eaptured dust is necessary for effective and reliable
system operation,

Ductwork Design

Ductwork design includes the selection of duct sizes
based on the velocity necessary to carry the dust to
the collector without settling in the duct. From this
information, pressure losses in the duct and exhaust
air volumes can be calculated and used to determine
the size and type of fan, as well as the speed and size
of motor.

Before detailed design of the ductwork is begun, the
following information should be available:

® A process flowsheet of the operation indieating—

-  Type, size, and speed of the bulk material
handling or processing equipment used

e A line diagram of the dust collection system
indicating—
-  Exhaust hood and exhaust volumes required
for each piece of equipment, each transfer
point, and each duet network

-  Fach branch and section of the main duet,
identified either by number or letter

o A general layout of the facility showing—
- All equipment in the plan and elevations

- The ductwork route and location of the
exhaust hood

- Location of the dust collector and the fan

Dust Control Systems

Ductwork
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Minimum
Design Velocity
Material {fpm)

Very fine, light dusts 2,000
Fine, dry dusts and powders 3,000
Average industrial dusts 3,500
Coarse dusts 4,000-4,500
Heavy or moist dust loading 4,500 and up

e A preliminary bill of material containing—
-  Length of each duct

- Number and type of elbows, transition, and
taper pieces, ete,

- Number and size of "y" branches for each
branch and main as identified in the process
flowsheet

Proper ductwork design—

e Maintains adequate transport velocities in the
duet to prevent particulate settling

e Provides proper air distribution in all branches to
maintain designed capture velocities of exhaust
hoods

e Minimizes pressure losses, wear, and abrasion of
ductwork thus reducing operating costs

Transport Velocities — To prevent dust from settling
and bloeking the ductwork, transport velocities should
range from 3,500 to 4,000 ft/min for most industrial
dust (such as granite, silica flour, limestone, coal,
asbestos, and clay) and from 4,000 to 5,000 ft/min for
heavy or moist dust, such as lead, cement, and quick
lime. The table describes minimum transport velo-
cities for different characteristies of dust.

Note: The minimum transport velocity indicated in
the table is for guidance only. The design velocity
should be estimated by including a safety factor in the
above minimum velocities. Estimation of safety fac-
tors should consider—

Material buildup
Duet damage

Corrosion of ductwork

Duct leakage

Distribution of Airflow — Proper airflow distribution
in eaech branch is necessary to maintain adeguate
capture and transport velocities in the system. If air
is not properly distributed in a multiple-branch dust
collection system, a natural balance will take place.
For example, the exhaust volume will be determined



by the resistance of the available flow paths, and the
branch with the least resistance will carry the most
volume, As a result, the desired airflow may not be
achieved in each branch.

The system should be balanced to ensure desired
airflow distribution, In other words, all branches
entering a junetion must have equal static pressures at
the designed flow. Two methods available to balance
the system are—

e Air balance without blast gates

¢ Air balance with blast gates

Air Balance Without Blast Gates — This method, often
called the static pressure balance method, provides a
way to achieve the desired airflow (a balanced system)
without the use of dampers or blast gates. Calculation
begins at the branch of greatest resistance and pro-
ceeds from branch to main, through each section of
main, and to the fan, At each junction of two
airstreams, the static pressure necessary to achieve
desired flow in both streams is matched and, thus,
branches are brought into "balance."” The static pres-
sures can be balanced at the desired rate of flow by
choosing appropriate sizes of ducts, elbow radii, ete.

Air BRalance With Plast Gates — This method uses blast
gates to achieve the desired airflow at each hood.
Calculation begins at the branch of greatest resist-
ance, and pressure drops are calculated through the
branch and through the various sections of the main to
the fan. No attempt is made to balance the static
pressure in the joining airstreams. The joining
branches are merely sized to provide the desired
transport velocities.

Note: Choosing the branch of greatest resistance is
eritical in this method, If the choice is incorreet, any
branch or branches having a higher resistance will fail
to draw the desired volume even when their blast
gates are wide open. To prevent this error, all
branches that could possibly give the greatest resis-
tance must be checked.

Selection of Palancing Method — Both of the above
approaches are common. However, air balance with-
out blast gates normally is selected for processes
where highly toxic materials are exhausted so that
possible tampering with blast gates will not affeet

Dust Control Systems
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Hood-Entry Losses

airflow. Air balance with blast gates is selected when
exhaust volumes cannot be properly estimated or the
system requires some flexibility in varying exhaust
volumes.

Note: In the air balance without blast gates method,
although calculations are time consuming during the
design stage, airflow in the field need not be measured
and balanced. In the air balance with blast gates
method, the design calculations are fast, but consider-
able efforts are required in the field to measure and
adjust the blast gates to achieve the balance.

Irrespective of the method selected, additional hoods
should not be added once a multiple hood layout is
completed and balanced because they may alter the
airflow and make some other hoods totally ineffective.
A comparison of both balancing methods is provided in
the table on the following page.

Pressure Losses — Pressure losses occur when air
travels in a duct. To overcome these pressure losses,
power is supplied by the fan and motor. The higher
the pressure losses, the greater the motor horsepower
requirements.

Pressure losses in a dust eollection system occur due
to the following:

Hood entry

Special duet fittings

Duet friction

Air-cleaning devices

Hood-Entry Losses — A loss in pressure occurs when
air enters a suction or hood opening. This loss is
indicated by the coefficient of entry for the hood (Cp).
Several examples of entry coefficients are illustrated.

Losses from Special Duct Fittings — When air travels
through the various duct fittings, such as elbows, "y"
branches, enlargements, or contractions (tapers), pres-
sure losses oceur, Pressure loss across these fittings is
expressed in one of two ways:

® As a fraction of the velocity pressure
e In terms of equivalent feet of straight duct {(of

the same diameter) that will produce the same
pressure loss as the fitting



Duct-Friction Losses — When air travels in a straight
run of duct, pressure losses occur due to the friction
between the duct walls and air. Many charts and
graphs are available that give frietion losses in
straight ducts., However, most of them are based on
new, clean ducts. The following chart, which allows
for a typical amount of roughness, plots four quanti-
ties. If any two quantities are known, the other two
ean be read directly from the chart.
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Duct Friction Losses

Reprinted by permission from the Committee on
Industrial Ventilation, Lansing, MI, 18th Edition.

Losses from Air-Cleaning Devices — In addition to
pressure losses in the ductwork, the losses in the dust
‘collector must also be known. Although the pressure
drop for dust collectors varies widely, data are usually
available from manufacturers, More information on
dust eollectors can be obtained from chapter 4.

Points to Note in Ductwork Design/Layout — To
minimize pressure losses, the Industrial Ventilation
Vanual recommends the following guidelines for duet-
work design:

Dust Control Systems
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A1l branches should enter the main at a 30° angle;
wherever possible, the velocity should mateh that
of the incoming gas stream.

Duct size changes should be kept to a minimum,
If needed, they should be gradual.

Wherever possible, a circular duct should be used
instead of a rectangular duct to maintain uniform
velocity distribution and prevent settling of
material in the ductwork.

Wherever possible, flanges should be provided to
minimize hood entry losses.

The centerline radii of all elbows should be at
least twice the diameter of the duct.

The illustrations on the following page provide ex-
amples of ductwork design.
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Example Problem

This example, which illustrates the balancing of ductwork, is provided to aid understanding of
the detailed ductwork design procedure, In the example, the balancing of ductwork is based on
the air balance without blast gate method, and the resistances are based on the equivalent foot
basis. This approach is one of several available for balancing ductwork; however, an
understanding of this approach should facilitate understanding of other approaches. Information
on other approaches can be obtained from the sources provided in the references.

The Problem
Design a dust collection system for an industrial sand-handling faecility.
Information Provided
e Process flowsheet and schematic of the dust collection system
e Minimum transport velocity = 3,500 fpm
e Necessary exhaust volumes

¢ Description and materials

F—"5" ' Me
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S
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Conveyor and transfer b 50— fan
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Dust
collector
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machine | % o
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Process Flowsheet
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Details of Operation
Minimum Exhaust
Description Number Volume (efm)
Bag Machine Hood 1 800
Conveyor Transfer Point 2 300
Bag House Dust Collector 3 -
Fan 4

Description of Material

No. of Branch Airflow Required Straight Run Number of Number of
or Main {efm) (ft) Elbows Entries
1-b 800 30 2-90° -~
2-b 300 35 3-90° -~
b-¢ 1,100 50 -- 1
e-d 1,100 0 1-90° --
d-e 1,100 30 - --
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After gathering the above information you can start to fill in the worksheet table:

Column  Entry Explanation
1 1-b Section of system to be worked on from bag hood to Y junetion
2 6.5 in. PBased on minimum transport velocity and minimum air volume required using € = VA

formula A = 0.27 ft,, this gives a duct size of 6.5 in.
0.27 Duct area

4 800 Air volume required, as calculated from Andersen, or others, or determined by past
experience or testing
6 3500 Air velocity determined by Q/A =V
7 30 Straight runs measured from prints or on site
8 2 Number of elbows determined from schematie installation
9 14 Taken from table for an elbow with a centerline radius of 2,0 times the duct
diameter. This number is multiplied times the number of elbows.
10 44 Sum of straight run length (col. 7) and equivalent length (col, 9)
11 2.7 Frictional losses read directly from Figure  , look at duct diameter vs, duct
velocity and read frictional loss per 100 ft. of straight total duct length
12 1.19 Total duct length (col. 10) x frictional loss per 100 ft. of duct (col. 11) divided by 100
13 0.77 Velocity pressure of air in duet, VP = (v /P)°
14 0.5 Entry loss for hood (given)
15 1.5 The total exhaust hood loss. This represents the amount of energy required to get the
air to flow into the hood (1.0 VP) plus the specific hood entry loss (col, 14},
16 1.16 Product of cols. 13 and 15
17 1.16 The governing static pressure in branch 1-b (eol, 12 + col. 16),

Repeat this procedure for each branch circuit, when you reach a junction of two branch ecircuits the
balanced pressure method requires that the governing static pressure at the junction be within 5% of one
another, If this is not the case, as in our example, then design parameters must be altered to achieve
balance, Several things might be done:

- lower the resistanece in branch 2-b by inereasing duct size, or reducing air volume

- Inerease the resistance in branch 1-b by decreasing duet size or increasing air volume

Engineering and economic judgment should be used to make this decision; for instance, whether you can
use additional air volume or your fan cannot handle the statie pressure may dictate the way in which you
choose to balance your system. In the example we chose to increase the resistance in branch 1-b to
achieve balance. This step may require several trial and error attempts until you become familiar with
the process.

Continue filling in the work sheet using the governing static pressure column to keep a running total of
pressure (note that pressures in series circuits are additive; in parallel circuits they are not), The
governing pressure in that branch is used.

Finally, as the air exits the exhaust stack of the fan, the velocity pressure of the air is converted baek to
static pressure and results in the recovery of that energy which is subtracted from the governing static
pressure of the system,

62



Dust Control Systems

wjio 0011 1> DM .38°9 =
8L~ 09°L =
A&m 0} P3}JddAUuOY n:C dA -~ UB] 0} SoouB]lSiSad JO WNS = 4§ U8

09°L+ - - - 8L° 69° £°¢ 0¢ 0 0 0 o€ 8¥S€ 00IT 0O0TL 1g’ S'L a-p
(69~ - - - 8L £’ €7 01 o1 0 1 0 8¥S¢ 0011 0011 1€” S'L p-o
89°9- 0°% 2JN10BJNUBW WIOJ)] IDUBISISAJ JO}DAT[0D €
897~ - - - 8L g1 £'¢ LS L [ - 0S 8¥SE 0011 O0OI1T [t S°L 2-q
*PI0UB[BQ PAJIPISUCD BJ8 PUB Y6+ UIYIIM MOU 3JB Q- pu® (-1 Sayoduslg
008 ig7¢ LE'E- 2S7) Gl g’ 1071 S8°L AN 4/ 41 - 4 0¢ 180y - 008 961" 09 q-1

("ewa31Io udisap mofaq doap jou Op SaRIDO[RA 3aNp paplaotd
G- Ul 99UuB}SISa] aanpad ‘A[9A1}BUIS][B “1Q) °J9}2WBIp 1onp Jo[[BWS 3UISN G-[ YOUuBIQ I)BIND[BOAJ ‘SMO[J 9y} 2dur[BQ 0], -Julod Jojsusd) JoA2AU0D 3}
18 paJainbaa uBYj} ss9] pus ‘pooy aulyovw 38Q dY) 18 paJMNbaJl usy) J1B 210W ISNBD [[IM SIY) Q-7 UBY) SSB] SI Q-1 YOUBIQ JO JDUBISISDI ‘. UWN[OD :dION

€3'¢ €3¢ €371 [l v 88" 0T ST L 71 £ sg osLe - 00¢ 80° ¥ L34
Sg'T 911 Sl G L 61T LT v vl - 4 0g 00se - 008 LT €9 g1
wjo ds | ssead | -30ns | (dA) | (dA) | dA una 00T |yrBuai|yyduat |serujuyg wzon_m_ sun. wdj |utsw |yousaq| 13 -bs| urur| ursw
*a30) | "a0n | onyBys | pooy | -3ons | ssor | auQ JO Jad | 1830l |*ainbg [ jo Joquiny | yudieng| ul ul ug j3onp | jonp | Jo *aq
pooH | Anyuy ‘IBA BaJy | 'sIq | Jo 'ON
3m “ur 3m "ul wyo )
ul 30UB}SISAY Ul 9DUB]SISAY 1934 u1 3on( Jo yjdua awnop Jiy
3
3.4 | o001
: 9110061100 |pL 100] 1 ® |10} ¢ |e100| ¥ S
uonoun{ 3y + X + ‘814 |9100| X Ba| o+ d14 1o9g
1100{g1 10D} 001 | woug [woig |g( (0D woiql 2 10D | wodg wodg
6l 81 Il 91 SI 12 eI zL 1L 01 6 8 L 9 g ¥ £ Z 1

wa[qodd ardwexy
LATHSIIOM




Dust Control Handbook for Minerals Processing

Wet Dust Suppression
Systems
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Factors Affecting Surface
Wetting
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Wet dust suppression systems wet the entire product
stream so that it generates less dust. This also
prevents dust from becoming airborne. Effective
wetting of the material can be achieved by—

e Statie Spreading — The material is wetted while
stationary, The diameter and contact angle of
water droplets are important factors in statie
spreading.

The surface coverage can be increased by
reducing either the droplet diameter or its
contact angle.

e Dynamic Spreading — The material is wetted
while moving. The surface tension of the liquid,
the droplet diameter, the material size, and the
droplet impact velocity are important variables in
dynamic spreading,

The surface coverage can be increased either
by reducing the surface tension or by
increasing the impact velocity.

One of these two water spreading methods can be
emphasized at the expense of the other, depending on
the needs of the system. For example, both static and
dynamic spreading of a droplet can be increased by
reducing the surface tension and thus decreasing the
droplet diameter. However, the impact velocity of
smaller droplets decreases faster due to frictional
drag and less momentum, which, in turn, reduces
dynamic spreading, An optimum droplet diameter for
maximum material surface coverage must therefore
be determined.

Droplet Size

Surface wetting can be increased by reducing the
droplet diameter and increasing the number of drop-
lets. This can be achieved by reducing the surface
tension/contact angle. The surface tension of pure
water is 72.6 dyne/em. It can be reduced from 72.6
to 28 dyne/em by adding minute quantities of
surfactants. This reduction in surface tension (or
contact angle) results in—



¢ Reduced droplet diameter
® Aninerease in the number of droplets

¢ A decrease in the contact angle

Impact Velocity

Surface wetting can be increased by increasing the
impact velocity. Impact velocity can be increased by
inereasing the system's operating pressure.

Note: A droplet normally travels through turbulent air
before it impacts on the material surface. Due to the
frictional drag of the turbulent air, the impact veloc-
ity of the droplet is less than its discharge veloecity
from the nozzle. Moreover, small droplets lose veloe-
ity faster than large ones, To cover the greatest
surface area, the best impact velocity for a given
droplet diameter must be determined for each opera-
tion.

Wet suppression systems fall into three categories:

¢ Plain Water Sprays — This method uses plain
water to wet the material. However, it is diffi-
cult to wet most surfaces with plain water due to
its high surface tension.

¢ Water Sprays with Surfactant — This method uses
surfactants to lower the surface tension of water.
The droplets spread further and penetrate deeper
inte the material pile.

¢ Foam — Water and a special blend of surfactant
make the foam. The foam increases the surface
area per unit volume, which increases wetting
efficiency.

Dust Control Systems

Types of Wet Dust
Suppression Systems

65



Dust Control Handbook for Minerals Processing

Advantages and Disadvantages

Advantages
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Disadvantages

Plain Water Sprays

It is probably the least expensive method
of dust control.

The system is simple to design and
operate.

A limited carryover effect at subsequent
transfer peints is possible,

When good mixing of water and material
can be achieved, dust generation can be
reduced effectively.

Enclosure tightness is not essential,

Water sprays cannot be used for products
that cannot tolerate excessive moisture,

Water sprays cannot be used when tem-
peratures fall below freezing,

Usually, dust control efficiency is low,
unless large quantities of water are used,

Freeze protection of all hardware is
necessary.

Careful application at transfer points that
precede a screen is required to prevent
blinding.

Water Sprays With Surfactants

This method is used when surfac-
tants are tolerated but excessive mois-
ture is not acceptable.

In some cases, dust control efficiency is
higher than with plain water sprays.

Equivalent efficiency is possible
with less water,

When good mixing of foam and product
stream can be achieved, dust control
efficiency is greater than water with
surfactants.

Moisture addition is usually less than
0.1% of the material weight,

Foam

Capital and operating costs are higher
than water-spray systems.

Careful application at transfer points that
precede a screen is required to prevent
blinding.

Fquipment such as the pump and the pro-
portioning equipment used to meter the
flow of surfactant require maintenance.

Freeze protection of all hardware is
necessary,

Operating costs are higher than with fine-
ly atomized water-spray systems,

The product is contaminated with
surfactants,

Careful application at transfer points that
precede a screen is required to prevent
blinding.



Dust Control Systems

In this approach, very fine water droplets are sprayed
into the dust after it is airborne. When the water
droplets and dust particles collide, agglomerates are
formed. When these agglomerates become too heavy
to remain airborne, they settle.

~—— Dus1 parucle

Water droplegl = Waipe droptet

w—— Dust parlicle

Airborne Dust Capture
Systems

Collision Between Coalescence or Adhesion

Dust Particle and Between Dust Particle
Water Droplet and Water Droplet

The collision between dust particles and water drop-
lets occurs due to the following three factors:

Impaction/interception
e Droplet size/particle size
e Electrostatic forces

Impaction/Interception

When & dust particle approaches a water droplet, the
airflow may sweep the particle around the droplet or,
depending on its size, trajectory, and velocity, the
dust particle may strike the droplet direetly, or barely
graze the droplet, forming an aggregate.

Droplet Size/Particle Size

Droplets and particles that are similar in size have the
best chance of colliding. Droplets smaller than dust
particles or vice versa may never collide but just be
swept around one another.

Electrostatic Forces

The presence of an electrical charge on a droplet
affects the path of a particle around the droplet.
When particles have an opposite or neutral charge,
collision efficiency is increased.

Factors Affecting Collision

Fhod sireambines

Particle Trajectories
Around a Water Droplet

ULt Pt ke oUaws sirgamiing

St gt

Effect of Droplet Size
Schowengerdt and Brown
67



Dust Control Handbook for Minerals Processing

Water dropiet
Water droplet Dust particle sl

SOde <O

Oppositely Charged Droplet Similarly Charged Droplet
and Particle Attract and Particle Oppose
Each Other Each Other
Types of Airborne Dust . Airborne dust capture systems can be simple or quite
Capture Systems complex, Basically, they fall into two broad groups:

e Tinely atomized water sprays

o Electrostatically charged fogs

Finely Atomized Water Sprays

Finely atomized water sprays are normally used at
transfer points without excessive turbulence or when
the velocity of dust dispersion is less than 200 ft/min,
The optimum droplet size, water usage, relative veloe-
ity, and number and location of nozzles depend on the
conditions at individual transfer points.

Electrostatically Charged Fogs

FElectrostatically charged fog uses charged water drop-
lets to attract dust particles, which increases colli-
sion. The atomized water droplets are charged by
induction or direct charging.

Design of a Water-Spray The spray nozzle is the heart of a water-spray system.
Svst Therefore, the physical characteristies of the spray
ystem are critical, Factors such as droplet size distribution

and velocity, spray pattern and angle, and water flow
rate and pressure all vary depending on the nozzle
selected. Following is a general discussion of these
important factors:

e Droplet Size — The nozzle's droplet size distribu-
tion is the most important variable for proper
dust control. The droplet size decreases as the
operating pressure increases. Information about
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Advantages and Disadvantages

Advantages

Disadvantages

Finely Atomized Water Sprays

Water requirements are low—typieally 5
to 20 gal/h per nozzle,

Moisture addition to the product is quite
low—typically less than 0.1% of the
material weight.

The material is not chemically contami-
nated.

The system can be economical.

Tight enclosures are needed for effective
system operation,

The system may not be effective either in
highly turbulent environments or when the
dust dispersion rate is more than

200 ft/min.

Requires good droplet to particle size
match for effective control.

Electrostatically Charged Fogs

Electrostatic fogs can be effective if the
dust cloud carries predominantly positive
or negative charges.

The material does not become chemi-
cally contaminated,

Moisture addition to the product is
generally less than 0.5% by weight,

o These systems are not recommended for

underground coal mines or other gassy
applications where explosions can be trig-
gered by sparks.

Capital costs are high.

These systems require high-voltage equip-
ment,

Maintenance of eleetrical insulation is
critical for safe working conditions.
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Solid-Cone Hollow-Cone
Nozzle Nozzle

Flat-Spray Fogging
Nozzle Nozzle

Specified spray angle

4k

Spray distance

Actual coverage

Spray Angle

From Bureau of Mines open File Report 145-82,
Guide Book for Dust Control in Underground Mining,
December 1981.
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the droplet size data at various operating pres-
sures can be obtained from the nozzle manufac-
turer., For wet dust suppression systems, coarse
droplets (200-500 nm) are recommended., Tor
airborne dust capture systems, very fine droplets
(10-150 pnm) may be required. The fine droplets
usually are generated by fogging nozzles, which
may use either compressed air or high-pressure
water to atomize water in the desired droplet
range,

Droplet Veloeity — Normally, higher droplet ve-
locities are desirable for both types of dust con-
trol through water sprays. Information on the
droplet velocity can be obtained from the nozzle
manufacturer.

Spray Pattern — Nozzles are categorized by the
spray patterns they produce:

-  Solid-cone nozzles produce droplets that
maintain a high veloecity over a distance,
They are useful for providing a high-veloeity
spray when the nozzle is located distant from
the area where dust control is desired.

- Hollow-cone nozzles produce a spray pattern
in the form of a circular ring. Droplet range
is normally smaller than the other types of
nozzles, They are useful for operations
where dust is widely dispersed.

- Flat-spray nozzles produce relatively large
droplets that are delivered at a high pressure,
These nozzles are normally useful for wet
dust suppression systems (i.e., preventive
type systems),

-  Fogging nozzles produce a very fine mist (a
droplet size distribution ranging from sub-
micron to mieron). They are useful for
airborne dust control systems,

Spray Angle — Each nozzle has a jet spray angle.
The size of this angle is normally available from
the manufacturer. A knowledge of spray angle
and spray pattern is essential to determine the
area of coverage and, therefore, the total number
of nozzles needed.



e Flow Rate — The flow rate of water through a
nozzle depends on the operating pressure. The

flow rate and operating pressure are related as
follows:

Water flow rate = K‘ijoperating pressure
where K = nozzle constant

A knowledge of the water flow rate through the
nozzle is necessary to determine the percentage
of moisture added to the material stream.

The following factors should be considered in selecting
the nozzle location:

e It should be readily accessible for maintenance.
e It should not be in the path of flying material,

e TYor wet dust suppression systems, nozzles should
be upstream of the transfer point where dust
emissions are being created, Care should be
taken to locate nozzles for best mixing of
material and water. For airborne dust capture,
nozzles should be located to provide maximum
time for the water droplets to interact with the
airborne dust,

Once the nozzle is selected, its spray pattern and area
of coverage can be used to determine water flow rate
and/or compressed airflow rates and pressure require-
ments, This information is normally published by the
nozzle manufacturer. These must be carefully coordi-
nated with the maximum allowable water usage.
Water flow rates will be highly variable depending on
the size and type of material, the type of machinery,
and the throughput of material.

The piping should be designed so that each nozzle
receives water or compressed air at specified flow
rates and pressures, Drains must be provided at the
lowest point in each subcircuit of the piping system to
flush the air and water lines in winter months. Heat
tapes and insulation must also be provided at locations
where the temperature may drop below 320F. The
heat tracing tape should be able to provide approxi-
mately 4 watts per linear foot for water pipes up to
2 in, in diameter. The pump and other hardware, such
as valves and gauges, should also be heat traced and
insulated to prevent freezing during winter months,

Water flow

Dust Control Systems

1/8 inch

3/32 inches

5/64 inches

T T —T T 1
100 200 300 400

Water pressure, PSI

Water Flow/Pressure

Water Flow and Compressed
Airflow Rates

Piping Design
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Instruments

Pump and Compressor
Selection
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Pressure and flow gauges are recommended to monitor
system performance. These instruments should be
located as close to the point of application as possible,
Liquid-filled pressure gauges and rotameter-type flow-
meters are satisfactory and quite inexpensive.

For situations where it is desirable tc activate wet
suppression systems only when the material is flowing
(for example, if the belt conveyor is running empty,
water sprays need not be on), a solencid-activated
valve may be instelled in the water line, The solenoid
cant be activated by instruments such as the level
controller or flow sensor. This measure will reduce
water usage, reduce maintenance and ecleanup, and
reduce or prevent freezeup problems,

An appropriate pump and compressor (where appli-
cable) should be selected once the airflow and water
flow rates and pressure are determined.

An approximate method of determining the proper
pumping energy for water at 40:1 efficiency is—

PunpHP= 1.40 X p X ¢

10,000
where:
p = pressure dropin water lines, psig
q = water flow rate, gal/min

An approximate method of seleeting a compressor is
by assuming that—

One horsepower of compressor can provide ap-
proximately 4 std ft3/min of compressed air, at
100 psig pressure.



- Chapter 4

Collecting and
Disposing of Dust

After dust-filled air has been captured by a dry dust
collection system, it must be separated, eollected, and
disposed of. The dust collector separates dust
particles from the airstream and discharges cleaned
air either into the atmosphere or back into the
workplace.

What Is a Dust Collector?

Cleaning dust from the air is necessary to— Necessity for Dust
¢ Reduce employee exposure to dust Collectors
e Comply with health and air emission standards

¢ Reduce nuisance and dust exposure to neighbors

¢ Recover valuable products from the air

Five principal types of industrial dust collectors are— Types of Dust Collectors

{
Inertial separators

Fabric collectors
Wet serubbers

Electrostatic precipitators

Unit eollectors
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Types of Inertial
Separators

G inlat Gas outiat
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Cun collecrion hoppem

Settling Chamber

Baffle Chamber
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Inertial separators separate dust from gas streams
using a combination of forces, such as centrifugal,
gravitational, and inertial. These forces move the
dust to an area where the forces exerted by the gas
stream are minimal. The separated dust is moved by
gravity into a hopper, where it is temporarily stored.

The three primary types of inertial separators are—

e Settling chambers
e Baffle chambers

e Centrifugal collectors

Neither settling chambers nor baffle chambers are
commonly used in the minerals processing industry.
However, their principles of operation are often incor-
porated into the design of more efficient dust collec-
tors.

Settling Chambers

A settling chamber consists of a large box installed in
the ductwork. The sudden expansion of size at the
chamber reduces the speed of the dust-filled airstream
and heavier particles settle out.

Settling chambers are simple in design and can be
manufactured from almost any material. However,
they are seldom used as primary dust collectors be-
cause of their large space requirements and low effi-
eiency. A practical use is as precleaners for more
efficient collectors,

Baffle Chambers

Baffle chambers use a fixed baffle plate that causes
the conveying gas stream to make a sudden change of
direction, Large-diameter particles do not follow the
gas stream but continue into a dead air space and
settle. Baffle chambers are used as precleaners for
more efficient collectors.



Centrifugal Collectors

Centrifugal collectors use cyclonie action to separate
dust particles from the gas stream. In a typical
eyelone, the dusty gas stream enters at an angle and is
spun rapidly. The centrifugal force created by the
circular flow throws the dust particles toward the wall
of the cyclone. After striking the wall, these particles
fall into a hopper located underneath.

The most common types of centrifugal, or inertial,
collectors in use today are—

e Single-cyclone separators

) Multiple-cyclone separators

Single-cyclone separators create a dual vortex to
separate coarse from fine dust. The main vortex
spirals downward and carries most of the coarser dust
particles, The inner vortex, created near the bottom
of the eyclone, spirals upward and carries finer dust
particles.

Multiple-cyclone separators, also  known as
multiclones, consist of a number of small-diameter
cyclones, operating in parallel and having a common
gas inlet and outlet, as shown in the figure. Multi-
clones operate on the same prineiple as cyclones—-
creating a main downward vortex and an ascending
inner vortex.

Multiclones are more efficient than single eyclones
because they are longer and smaller in diameter, The
longer length provides longer residence time while the
smaller diameter creates greater centrifugal force,
These two factors result in better separation of dust
particulates. The pressure drop of multiclone collec-
tors is higher than that of single-cyclone separators.

Collecting and Disposing of Dust

Quter vortex

Inner vortex

Multiclone
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Startup/Shutdown Procedures — Centrifugal Collectors

Type Startup Shutdown
Cyclones 1. Check fan rotation. 1. Allow exhaust fan to operate for
2. Close in§pection doors, _ a few minutes after process
connections, and cyclone dis- shutdown until eyelone is empty,
charge. 2. If combustion process is used,
3.  Turn on fan, allow hot, dry air to pass through
4. Check fan motor current, cyclone for a few minutes after
5. Check pressure drop across process shutdown to avoid
cyclone. condensation.
3. Turn off exhaust fan.
4, Clean discharge hopper.
Multiclones 1. Conduct same startup proce- 1. Conduct same shutdown proce-
dures as cyclones. dures as eyclones.
2. Atleast once a month, measure
airflow by conducting a Pitot
traverse across inlet to deter-
mine quantity and distribution
of airflow.
3. Record pressure drop across
multiclone,
4. If flow is significantly less than
desired, block off rows of
cyclone to maintain the
necessary flow per eyelone,
Preventive Maintenance Procedures — Centrifugal Collectors
Type Frequency Procedure
Cyelones Daily e Pecord cyclone pressure drops.
e Check stack (if cyclone is only collector).
e Record fan motor amperage.
¢ Inspect dust discharge hopper to assure dust is
removed.
Weekly e Check fan bearings.
e Check gaskets, valves, and other openings for
leakage.
Monthly e Check cyclone interior for erosion, wear, corrosion,
: and other visible signs of deterioration.
Multiclones Daily ® Same as cyclones.
Weekly Same as cyelones,
Monthly ¢  Check multiclone interior for erosion, wear,
corrosion, and improper gas and dust distribution,
e Inspeet individual eyclones and ducts for cracks
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Collecting and Disposing of Dust

Commonly known as baghouses, fabric collectors use
filtration to separate dust particulates from dusty
gases. They are one of the most efficient and cost-
effective types of dust collectors available and can
achieve a collection efficiency of more than 99% for
very fine particulates.

Dust-laden gases enter the baghouse and pass through
fabric bags that act as filters. The bags can be of
woven or felted cotton, synthetic, or glass-fiber
material in either a tube or envelope shape,

The high efficiency of these collectors is due to the
dust cake formed on the surfaces of the bags., The
fabriec primarily provides a surface on which dust
particulates collect through the following four mech-
anisms:

¢ Inertial Coliection — Dust particles strike the
fibers placed perpendicular to the gas-flow direc-
tion instead of changing direction with the gas
stream.

¢ Interception — Particles that do not cross the
fluid streamlines come in contact with fibers
because of the fiber size,

e Brownian Movement — Submicron particles are
diffused, increasing the probability of contact
between the particles and collecting surfaces.

o Electrostatic Forces — The presence of an elee-
trostatic charge on the particles and the filter
can inerease dust capture,

Fabric Collectors

Clean air
—
B ——

1

J
e——
Dirty air —‘

Filter bags / 3

Baghouse

How They Work
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Types of Baghouses

Shaker mechanism

waitkways <] Tube sheet

{Eaony
iy Drrty gas

Collected salids

Mechanical-Shaker Baghouse

Air-to-Cloth Ratio:

The volume of gas flow
passed per unit area of
the bag.
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A combination of these mechanisms results in forma-
tion of the dust cake on the filter, which eventually
increases the resistance to gas flow, The filter must
be cleaned periodically.

As classified by cleaning method, three common
typesof baghouses are—

. Mechanical shaker
* Reverse air

¢ Reverse jet

Mechanical Shaker

In mechanical-shaker baghouses, tubular filter bags
are fastened onto a cell plate at the bottom of the
baghouse and suspended from horizontal beams at the
top. Dirty gas enters the bottom of the baghouse and
passes through the filter, and the dust collects on the
inside surface of the bags,

Cleaning a mechanical-shaker baghouse is accom-
plished by shaking the top horizontal bar from which
the bags are suspended. Vibration produced by a
motor-driven shaft and cam creates waves in the bags
to shake off the dust cake.

Shaker baghouses range in size from small, hand-
shaker devices to large, compartmentalized units.
They can operate intermittently or continuously,
Intermittent units can be used when processes operate
on a batch basis—when a bateh is completed, the
baghouse can be cleaned. Continuous processes use
compartmentalized baghouses; when one compartment
is being cleaned, the airflow can be diverted to other
compartments,

In shaker baghouses, there must be no positive pres-
sure inside the bags during the shake eycle. Pressures
as low as 0,02 in. wg can interfere with cleaning.

The air-to-cloth ratio for shaker baghouses is rela-
tively low, hence the space requirements are quite
high., However, because of the simplicity of design,
they are popular in the minerals processing industry.



Reverse Air

In reverse-air baghouses, the bags are fastened onto a
cell plate at the bottom of the baghouse and suspended
from an adjustable hanger frame at the top. Dirty gas
flow normally enters the baghouse and passes through
the bag from the inside, and the dust collects on the
inside of the bags.

Reverse-air baghouses are compartmentalized to allow
continuous operation, Before a cleaning cycle begins,
filtration is stopped in the compartment to be cleaned.
Bags are cleaned by injecting clean air into the dust
collector in a reverse direction, which pressurizes the
compartment. The pressure makes the bags collapse
partially, causing the dust cake to crack and fall into
the hopper below. At the end of the cleaning cycle,
reverse airflow is discontinued, and the compartment
is returned to the main stream.

The flow of the dirty gas helps maintain the shape of
the bag. However, to prevent total collapse and fabric
chafing during the cleaning cycle, rigid rings are sewn
into the bags at intervals,

Space requirements for a reverse-air baghouse are
comparable to those of a shaker baghouse; however,
maintenance needs are somewhat greater,

Reverse Jet

In reverse-jet baghouses, individual bags are supported
by a metal cage, which is fastened onto a cell plate at
the top of the baghouse. Dirty gas enters from the
bottom of the baghouse and flows from outside to
inside the bags. The metel cage prevents collapse of
the bag.

Bags are cleaned by a short burst of compressed air
injected through a common manifold over a row of
bags. The compressed air is accelerated by a venturi
nozzle mounted at the top of the bag. Since the
duration of the compressed-air burst is short (0.1 s), it
acts as a rapidly moving air bubble, traveling through
the entire length of the bag and causing the bag
surfaces to flex, This flexing of the bags breaks the
dust cake, and the dislodged dust falls into a storage
hopper below.

Clear backwash air

Bag supported by rings

Main housing

Hopper

Bag support

Left side cleaning cycle

Collecting and Disposing of Dust

Butterfly vaive
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Clean gas

Tube sheet
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Collected solids
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Reverse-jet dust collectors can be operated continu-
ously and cleaned without interruption of flow because
the burst of compressed air is very small compared
with the total volume of dusty air through the collec-
tor. Because of this continuous-cleaning feature,
reverse-jet dust collectors are usuglly not compart-
mentalized,

The short cleaning cyele of reverse-jet collectors
reduces recirculation and redeposit of dust., These
collectors provide more complete cleaning and recon-
ditioning of bags than shaker or reverse-air cleaning
methods. Also, the continuous-clesning feature
allows them to operate at higher air-to-cloth ratios, so
the space requirements are lower.

Cartridge Collectors

Cartridge collectors are another commonly used type
of dust collector. Unlike baghouse collectors, in which
the filtering media is woven or felt bags, this type of
collector employs perforated metal cartridges that
contain & pleated, nonwoven filtering media. Due to
its pleated design, the total filtering surface sarea is
greater than in a conventional bag of the same
diameter, resulting in reduced air to media ratio,
pressure drop, and overall collector size.

Cartridge collectors are available in single use or
continuous duty designs. In single-use collectors, the
dirty cartridges are changed while the collector is off.
In the continuous duty design, the cartridges are
cleaned by the conventional pulse-jet cleaning system.
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Startup/Shutdown Procedures — Baghouses

Startup

88

For processes generating hot, moist
gases, preheat baghouse to prevent
moisture condensation, even if bag-
house is insulated, (Ensure that all
compartments of shaker or reverse-air
baghouses are open.)

Activate baghouse fan and dust-re-
moval conveyor.

Measure baghouse temperature and
check that it is high enough to prevent
moisture condensation.

Shutdown

Continue operation of dust-removal
conveyor and cleaning of bags for 10 to
20 minutes to ensure good removal of
collected dust.



Fregquency

Daily

Weekly

Monthly

Quarterly

Annually

Collecting and Disposing of Dust

Preventive Maintenance Procedures — Baghouses

Procedure

Check pressure drop.

Observe stack (visually or with opacity meter).
Walk through system, listening for proper operation.
Check for unusual occurrences in process.

Observe control panel indicators.

Check compressed-air pressure.

Assure that dust is being removed from system.

Inspect serew-conveyor bearings for lubrication.

Check packing glands,

Operate damper valves,

Check compressed-air lines, including line filters and dryers.
Check that valves are opening and closing properly in bag-cleaning

' sequence.

Spot-check bag tension.
Verify accuracy of temperature-indicating equipment,
Check pressure-drop-indicating equipment for plugged lines.

Check all moving parts in shaker mechanism.
Inspect fans for corrosion and material buildup.
Check drive belts for wear and tension.
Inspect and lubricate appropriate items.
Spot-check for bag leaks.

Check hoses and clamps,

Check accuracy of indicating equipment.
Inspect housing for corrosion,

Inspect baffle plate for wear.

Inspect bags thoroughly.

Check duet for dust buildup.

Observe damper valves for proper seating.
Check gaskets on doors,

Inspect paint, insulation, ete.

Check screw conveyor for wear or abrasion.

Check fan belts,

Check welds.
Inspect hopper for wear.
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Wet Scrubbers

Entrainment separator
g (525 outlet
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Slurry outlet

Wet Scrubber

Dust collectors that use liquid are commonly known as
wet serubbers. In these systems, the serubbing liquid
(usually water) comes into contact with a gas stream
containing dust particles, The greater the contact of
the gas and liquid streams, the higher the dust removal
efficiency.

There is a large variety of wet serubbers; however, all
have of three basic operations:

Gas-Humidification — The gas-humidification
process conditions fine particles to increase their
size so they can be collected more esasily.

Gas-Liquid Contaet — This is one of the most
important faetors affecting collection efficiency.
The particle and droplet come into contact by
four primary mechanisms:

- Inertial Impaction — When water droplets
placed in the path of a dust-laden gas stream,
the stream separates and flows around them.
Due to inertia, the larger dust partieles will
continue on in a straight path, hit the
droplets, and become encapsulated.

- Interception — Finer particles moving within
a gas stream do not hit droplets directly but
brush against them and adhere to them.

-  Diffusion — When liquid droplets are scat-
tered among dust particles, the particles are
deposited on the droplet surfaces by
Brownian movement, or diffusion, This is the
principal mechanism in the collection of sub-
micron dust particles,

-  Condensation Nucleation — If a gas passing
through a scrubber is ecooled below the dew-
point, condensation of moisture occurs on the
dust particles. This increase in particle size
makes collection easier,

Gas-Liquid Separation — Regardless of the eon-
tact mechanism used, as much liquid and dust as
possible must be removed. Once contact is made,
dust particulates and water droplets combine to
form agglomerates. As the agglomerates grow
larger, they settle into a eollector.



The "cleaned" gases are normally passed through a
mist eliminator (demister pads) to remove water drop-
lets from the gas stream. The dirty water from the
serubber system is either cleaned and discharged or
recycled to the scrubber. Dust is removed from the
serubber in a clarification unit or a drag chain tank.
In both systems solid material settles on the bottom of
the tank. A drag chain system removes the sludge and
deposits it into a dumpster or stockpile.

Wet serubbers may be categorized by pressure drop (in
inches water gauge) as follows:

Low-energy serubbers (0.5 to 2.5)

Low- to medium-energy serubbers (2,5 to 6)

Medium- to high-energy scrubbers (6 to 15)

Pigh-energy scrubbers (greater than 15)

Due to the large number of commercial scrubbers
available, it is not possible to deseribe each individual
type here. However, the following sections provide
examples of typical secrubbers in each category.

Low-Energy Scrubbers

In the simple, gravity-spray-tower serubber, liquid
droplets formed by liquid atomized in spray nozzles
fall through rising exhaust gases. Dirty water is
drained at the bottom,

These scrubbers operate at pressure drops of 1 to 2 in.
water gauge and are approximately 70% efficient on
10 pm particles. Their efficiency is poor—below
10 pm. However, they are capable of treating rela-
tively high dust concentrations without becoming

plugged.
Low- to Medium-Energy Scrubbers

Wet cyclones use centrifugal force to spin the dust
particles (similar to a eyelone), and throw the particu-
lates upon the collector's wetted walls. Water intro-
duced from the top to wet the cyclone walls carries
these particles away. The wetted walls also prevent
dust reentrainment.

Coliecting and Disposing of Dust

Types of Scrubbers

Pipe
Pipe

- -
I\m___;A_, L= Mist gliminator

Gas distnibutor plate

L

Gas inlel -me—— /
_Rll +—— Warer ann sludge gramn

Spray-Tower Scrubber

Cruntamuraterd gas

Wet Cyclone
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Cross-Flow Scrubber
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Pressure drops for these collectors range from 2 to 8
in. water, and the collection efficiency is good for
5 wm partieles and above.

Medium- to High-Energy Serubbers

Packed-bed scrubbers consist of beds of packing ele-
ments, such as coke, broken rock, rings, saddles, or
other manufactured elements, The packing breaks
down the liquid flow into a high-surface-area film so
that the dusty gas streams passing through the bed
achieve maximum contact with the liquid film and
become deposited on the surfaces of the packing
elements, These scrubbers have good collection ef-
fieiency for respirable dust.

Three types of packed-bed serubbers are—

o Cross-flow serubbers
° Co-current flow scrubbers
) Counter-current flow serubbers

Efficiency can be greatly increased by minimizing
target size, i.e., using .003 in. diameter stainless steel
wire and increasing gas velocity to more than 1,800
ft/min,

High-Energy Scrubbers

Venturi scrubbers consist of a venturi-shaped inlet and
a separator. The dust-laden gases enter through the
venturi and are accelerated to speeds between 12,000
and 36,000 ft/min., These high-gas velocities immedi-
ately atomize the coarse water spray, which is in-
jected radially into the venturi throat, into fine drop-
lets. High energy and extreme turbulence promote
collision between water droplets and dust particulates
in the throat. The agglomeration process between
particle and droplet continues in the diverging section
of the venturi. The large agglomerates formed in the
venturi are then removed by an inertial separator.

Venturi scrubbers achieve very high collection ef-
ficiencies for respirable dust. Since efficiency of a
venturi scrubber depends on pressure drop, some
manufacturers supply a variable-throat venturi to
maintain pressure drop with varying gas flows.



Collecting and Disposing of Dust

Advantages and Disadvantages — Wet Scrubbers

Advantages

Have low capital costs and small
space requirements

Can treat high-temperature and
high-humidity gas streams

Are able to collect gases as well
as particulates (especially "sticky"
particulates)

Have no secondary dust sources

Disadvantages

Have high operating and maintenance costs

Require corrosion-resistant materials if used
with acidic gases

Require a precleaner for heavy dust loadings

Cause water pollution; require further water
treatment

Are susceptible to erosion at high velocities
Collect wet products

Require freeze protection
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Common Operating Problems and Solutions — Wet Scrubbers

Problem Solution
e Wet/dry buildup e Keep all areas dry or all areas flooded,
e  Use inclined ducts to a liquid drain vessel.
o  Ensure that scrubber is installed vertically,
¢ Maintain liquid seal,
¢ Dust buildup in fan o Install clean water spray at fan inlet,
¢ Excessive fan vibration e Clean fan housing and blades regularly.
e Liquid pump failure e Divert some of the recycle slurry to a thickener,

settling pond, or waste disposal area and supply
clean water as makeup.
e Increase the water bleed rate,

¢ Worn valves e Use wear-resistant orifice plates to reduce erosion
on valve components,

o Jammed valves e Provide continuous purge between valves and
operating manifold to prevent material buildup.

e Erosion of slurry piping o Maintain pumping velocity of 4 to 6 ft/s to
minimize abrasion and prevent sedimentation and
settling.

e Plugged nozzles o Replace nozzles or rebuild heads.

e Change source of scrubbing liquid.
e Supply filtered serubbing liquid,

e Buildup on mist eliminators e For vane-type demisters, spray the center and
periphery intermittently to clean components.
o For chevron-type demisters, spray the water from
above to clean the buildup.
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Startup/Shutdown Procedures — Wet Scrubbers

Prestart Checkout

Shutdown

~1
.

Start fans and pumps to eheck their 1.
rotation,

Disconnect pump suction piping and 2.
flush it with water from an external

source.

Install temporary strainers in pump 3.
suction line and begin liquid recyecle,

With recycle flow on, set valves to 4,
determine operating conditions for

desired flow rates. Record the valve 5.
positions as a future baseline.

Record all system pressure drops under

clean conditions.

Perform all recommended lubrications.

Shut down fan, drain the system, and

remove temporary strainers.

Startup

Allow vessels to fill with liquid through
normaeal level controls, Fill large-
volume basins from external sources.
Start liquid flow to all pump glands and
fan sprays.

Start recyele pumps with liquid bleed
closed,

Check insulation dampers and place
serubber in series with primary opera-
tion,

Start fan and fan inlet spray. Leave
inlet eontrol damper closed for 2 min to
allow fan to reach speed.

Check gas saturation, liquid flows,
liquid levels, fan pressure drop, duct
pressure drops, and serubber pressure
drop.

Open bleed to pond, thickener, or other
drain systems so slurry concentration
can build slowly. Check final concen-
tration as cross-check on bleed rate.

Shut down fan and fan spray. Insulate
scrubber from operation,

Allow liquid system to operate as long as
possible to cool and reduce liquid slurry
concentrations,

Shut off makeup water and allow to
bleed normally.

When pump cavitation noise is heard,
turn off pump and pump gland water.
Open system manholes, bleeds, and other
dreins,
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Frequency

Preventive Maintenance Procedures — Wet Scrubbers

Procedure

Daily

Weekly

Semiannually

Check recycle flow,

Check bleed flow.

Measure temperature rise across motor,

Check fan and pump bearings every 8 hours for oil level, oil color, oil
temperature, and vibration,

Check scrubber pressure drop.

Check pump discharge pressure.

Check fan inlet and outlet pressure,

Check slurry bleed concentration.

Check vibration of fan for buildup or bleeds.

Record inlet and saturation temperature of gas stream.

Use motor current readings to detect flow decreases, Use fan current
to indicate gas flow.

Check pressure drop across mesh and baffle mist eliminators. Clean
by high-pressure spraying, if necessary.

Check wet/dry line areas for material buildup. Clean, if necessary.
Check liquid spray quantity and manifold pressure on mist eliminator
automatie washdown,

Inspect fans on dirty applications for corrosion, abrasion, and particu-
late buildup.

Check bearings, drive mechanisms, temperature rise, sprocket align-
ment, sprocket wear, chain tension, oil level, and clarifier rakes.
Check ductwork for leakage and excessive flexing. Line or replace as
necessary,

Clean and dry pneumatie lines associated with monitoring instrumen-
tation.

Verify accuracy of instruments and calibrate.

Inspect orifice plates.

Clean electrical equipment, ineluding contacts, transformer insulation,
and cooling fans,

Check and repair wear zones in serubbers, valves, piping, and duct-
work.

Lubricate damper drive mechanisms and bearings. Verify proper
operation of dampers and inspect for leakage.
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Electrostatic precipitators use electrostatic forces to
separate dust particles from exhaust gases. A number
of high-voltage, direct-current discharge electrodes
are placed between ‘grounded collecting electrodes,
The contaminated gases flow through the passage
formed by the discharge and collecting electrodes,

The airborne particles receive a negative charge as
they pass through the ionized field between the elee-
trodes. These charged particles are then attracted to
a grounded or positively charged electrode and adhere
to it.

The collected material on the electrodes is removed
by rapping or vibrating the collecting electrodes either
continuously or at a predetermined interval. Cleaning
a precipitator can usually be done without interrupting
the airflow.

The four main components of all electrostatic precipi-
tators are—

e Power supply unit, to provide high-voltage, unidi-
rectional current

e Ionizing section, to impart a charge to particu-
lates in the gas stream

® A means of removing the collected particulates
e A housing to enclose the precipitator zone

The following factors affect the efficiency of electro-
static precipitators:

e Larger collection-surface areas and lower gas-
flow rates increase efficiency because of the
increased time available for electrical activity to
treat the dust partieles,

e An increase in the dust-particle migration veloc-
ity to the collecting electrodes increases effi-
ciency, The migration velocity can be increased
by—

-  Decreasing the gas viscosity
- Increasing the gas temperature
- Increasing the voltage field

Electrostatic Precipitators
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Electrostatic Precipitator
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Types of Precipitators
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There are two main types of precipitators:

e High-Voltage, Single-Stage — Single-stage precip-
itators combine an ionization and a collection
step. They are commonly referred to as Cottrell
precipitators,

¢ Low-Voltage, Two-Stage — Two-stage precipita-
tors use a similar principle; however, the ionizing
section is followed by collection plates.

Described below is the high-voltage, single-stage pre-
cipitator, which is widely used in minerals processing
operations, The low-voltage, two-stage precipitator is
generally used for filtration in air-conditioning sys-
tems.

High-Voltage, Single-Stage Precipitators

The two major types of high-voltage precipitators
currently used are—

. Plate

) Tubular

Plate Precipitators — The majority of electrostatic
precipitators installed are the plate type. Particles
are collected on flat, parallel surfaces that are 8 to 12
in. apart, with a series of discharge electrodes spaced
along the centerline of two adjacent plates, The
contaminated gases pass through the passage between
the plates, and the particles become charged and
adhere to the collection plates. Colleeted particles
are usually removed by rapping the plates and de-
posited in bins or hoppers at the base of the
precipitator,

Tubular Precipitators — Tubular- precipitators consist
of cylindrical collection electrodes with discharge
electrodes located on the axis of the cylinder. The
contaminated gases flow around the discharge elec-
trode and up through the inside of the cylinders. The
charged particles are collected on the grounded walls
of the cylinder. The collected dust is removed from
the bottom of the eylinder.

Tubular precipitators are often used for mist or fog
collection or for adhesive, sticky, radioactive, or ex-
tremely toxic materials,
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Advantages and Disadvantages — Electrostatic Precipitators

Advantages

Have collection efficiencies in excess of
99% for gll particulates, including sub-
micron-sized particles

Usually colleet dust by dry methods

Have lower pressure drop and therefore
lower operating costs

Can operate at high temperatures (up to
1200° F) and in colder climates

Can remove acids and tars (sticky dust) as
well as corrosive materials

Allow increase in collection efficiency by
increasing precipitator size

Require little power

Can effectively handle relatively large
gas flows (up to 2,000,000 ft3/min)

Disadvantages

Have high initial investment costs

Do not respond well to process changes
such as changes in gas temperature, gas
pressure, gas flow rate, gaseous or chemi-
cal composition, dust loading, particulate
size distribution, or eleetrical condue-
tivity of the dust

Have a risk of explosion when gas stream
contains combustibles

Produce ozone during gas ionization
Require large space for high efficiency,
and even larger space for dust with low or

high resistivity characteristics

Require special precautions to protect
personnel from exposure to high-voltage

Require highly skilled maintenance personnel
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Unlike central collectors, unit eollectors eontrol con-
tamination at its source, They are small and self-
contained, consisting of a fan and some form of dust
collector, They are suitable for isolated, portable, or
frequently moved dust-producing operations, such as
bins and silos or remote belt-conveyor transfer points.
Advantages of unit collectors include small space
requirements, the return of collected dust to main
material flow, and low initial cost. However, their
dust-holding and storage capacities, servicing facili-
ties, and maintenance periods have been sacrificed.

A number of designs are available, with capacities
ranging from 200 to 2,000 ft3/min. There are two
main types of unit collectors:

e Fabrie collectors, with manual shaking or pulse-
jet cleaning — normally used for fine dust

e Cyclone collectors — normally used for coarse
dust

Fabric collectors are frequently used in minerals pro-
cessing operations because they provide high eollec-
tion efficiency and uninterrupted exhaust airflow
between cleaning eyeles. Cyelone collectors are used
when coarser dust is generated, as in woodworking,
metal grinding, or machining.

The following points should be considered when
selecting a unit collector:

e Cleaning efficiency must comply with all
applicable regulations.

e The unit should maintain its rated capacity while
accumulating large amounts of dust between
cleanings.

¢ The cleaning operation should be simple and
should not increase the surrounding dust concen-
tration.

e The unit should be capable of operating unat-
tended for extended periods of time (for example,
8 hours).

e The unit should have an automatic discharge or
sufficient dust storage space to hold at least 1
week's accumulation.



e If renewable filters are used, they should not have
to be replaced more than once a month.

o  The unit should be durable.
o The unit should be quiet.

Use of unit collectors may not be appropriate if the
dust-producing operations are located in an area where
central exhaust systems would be practical. Dust-
removal and servicing requirements are expensive for
many unit collectors and are more likely to be
neglected than those for a single, large collector.

Collecting and Disposing of Dust

Dust collectors vary widely in design, operation,
effectiveness, space requirements, construetion, and
capital, operating, and maintenance costs. FEach type
has advantages and disadvantages. However, the
selection of a dust collector should be based on the
following general factors:

¢ Dust Concentration and Particle Size — For
minerals processing operations, the dust concen-
tration can range from 0.1 to 5.0 grains of dust
per cubic feet of air, and the particle size can
vary from 0.5 to 100 um,

e Degree of Dust Collection Required — The degree
of dust collection required depends on its
potential as a health hazard or publie nuisance,
the plant location, the allowable emission rate,
the nature of the dust, its salvage value, and so
forth, The selection of a collector should be
based on the efficiency required and should
consider the need for high-efficiency, high-cost
equipment, such as electrostatic precipitators;
high-efficiency, moderate-cost equipment, such
as baghouses or wet scrubbers; or lower cost,
primary units, such as dry centrifugal collectors,

¢ Characteristics of Airstream — The character-
istics of the airstream can have a significant
impact on collector selection. For example,
cotton fabriec filters cannot be used where air
temperatures exceed 1809 F, Also, condensation
of steam or water vapor can blind bags. Various

Selecting a Dust Collector
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chemicals can attack fabric or metal and cause
corrosion in wet scrubbers.

Characteristiecs of Dust — Moderate to heavy
concentrations of many dusts (such as dust from
silica sand or metal ores) can be abrasive to dry
centrifugal collectors. Hygroscopic material can
blind bag collectors. Sticky material can adhere
to collector elements and plug passages. Some
particle sizes and shapes may rule out certain
types of fabrie collectors. The ecombustible
nature of many fine materials rules out the use of
of electrostatic precipitators.

Methods of Disposal — Methods of dust removal
and disposal vary with the material, plant process,
volume, and type of collector used. Collectors
can unload continuously or in batches. Dry
materials can create secondary dust problems
during unlecading and disposal that do not ocecur
with wet collectors. Disposal of wet slurry or
sludge c¢an be an additional material-handling
problem; sewer or water pollution problems can
result if wastewater is not treated properly.

A comparison of various dust collector characteristies
is included in the following table.
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The fan and motor system supplies mechanical energy
to move contaminated air from the dust-produecing

source to a dust collector,

There are two main kinds of industrial fans:

e Centrifugal fans
e Axial-flow fans
Centrifugal Fans

Centrifugal fans consist of a wheel or a rotor mounted
on a shaft that rotates in a seroll-shaped housing, Air
enters at the eye of the rotor, makes a right-angle
turn, and is forced through the blades of the rotor by
centrifugal force into the scroll-shaped housing. The
centrifugal force imparts static pressure to the air.
The diverging shape of the scroll also converts a
portion of the velocity pressure into static pressure.

There are three main types of centrifugal fans:

Radial-BPlade Fans — Radial-blade fans are used
for heavy dust loads. Their straight, radial blades
do not get clogged with material, and they with-
stand considerable abrasion, These fans have
medium tip speeds and medium noise factors.

Backward-Blade Fans — Backward-blade fans
operate at higher tip speeds and thus are more
efficient. Since material may build up on the
blades, these fans should be used after a dust
collector. Although they are noisier than radial-
blade fans, backward-blade fans are commonly
used for large-volume dust collection systems
because of their higher efficiency.

Forward-Curved-Blade Fans — These fans have
curved blades that are tipped in the direction of
rotation. They have low space requirements, low
tip speeds, and a low noise factor. They are
usually used against low to moderate statiec pres-
sures.



Axial-Flow Fans

Axial-flow fans are used in systems that have low
resistance levels, These fans move the air parallel to
the fan's axis of rotation. The serew-like action of the
propellers moves the air in a straight-through parallel
path, causing a helical flow pattern,

The three main kinds of axial fans are—

Propeller Fans — These fans are used to move
large quantities of air against very low static
pressures, They are usually used for general
ventilation or dilution ventilation and are good in
developing up to 0.5 in. wg.

Tube-Axial Fans — Tube-axial fans are similar to
propeller fans except they are mounted in a tube
or cylinder. Therefore, they are more efficient
than propeller fans and can develop up to 3 to 4
in. wg. They are best suited for moving air
containing substances such as condensable fumes
or pigments.,

Vane-Axial Fans — Vane-axial fans are similar to
tube-axial fans except air-straightening vanes are
installed on the suction or discharge side of the
rotor. They are easily adapted to multistaging
and can develop static pressures as high as 14 to
16 in. wg, They are normally used for clean air
only.

When selecting a fan, the following points should be

considered:

¢ Volume required

e T'an statie pressure

e Type of material to be handled through the fan
(For example, a radial-blade fan should be used
with fibrous material or heavy dust loads, and
nonsparking construction must be used with explo-
sive or inflammable materials.)

o Type of drive arrangement, such as direct drive or
belt drive

® Space requirements

Collecting and Disposing of Dust
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Noise levels

Operating temperature (For example, sleeve bear-
ings are suitable to 2500T; ball bearings to
5500 F.)

Sufficient size to handle the required volume and
pressure with minimum horsepower

Need for special coatings or construction when
operating in corrosive atmospheres

Ability of fan to accommodate small changes in
total pressure while maintaining the necessary air
volume

Need for an outlet damper to control airflow
during cold starts (If necessary, the damper may
be interlocked with the fan for a gradual start
until steady-state conditions are reached.)

Fan Rating Tables

After the above information is collected, the actusal
selection of fan size and speed is usually made from a
rating table published by the fan manufacturer. This
table is known as a multirating table, and it shows the
complete range of capacities for a particular size of

fan.

Points to Note:

The multirating table shows the range of pres-
sures and speeds possible within the limits of the
fan's construetion.

A particular fan may be available in different
construetion classes (identified as  classl
through IV) relating to its capabilities and limits.

For a given pressure, the highest mechanical
efficiency is usually found in the middle third of
the volume column.

A fan operating at a given speed can have an
infinite number of ratings (pressure and volume)
along the length of its characteristic curve. How-
ever, when the fan is installed in a dust collection
system, the point of rating can only be at the
point at which the system resistance curve inter-
sects the fan characteristic curve,
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e In a given system, a fan at a fixed speed or at & Breke Horsepower Equation
fixed blade setting can have a single rating only.
This rating can be changed only by changing the

bhp efm x TP

fan speed, blade setting, or the system resistance, 5356 x ME of fan
e For a given system, an increase in exhaust volume where:
will result in increases in stat.lc and tgtal pres- efm = air volume, £t3/min
sures. For example, for a 20% increase in exhaust
volume in a system with 5 in, pressure loss, the TP = total pressure, inches of
new pressure loss willbe 5 x (1.20)2 = 7.2 in. water
. . ME = mechanical efficiency of
e For rapid estimates of probable exhaust velumes fan (Operating poimsy
available for a given motor size, the equation for will be 0.50 to 0.65 for
brake horsepower, as illustrated, ean be useful. most centrifugal fans.)
Fan ratings for volume and static pressure, as de- Fan Installation

scribed in the multirating tables, are based on the
tests conducted under ideal conditions. Often, field
installation creates airflow problems that reduce the

fan's air delivery. The following points should be

considered when installing the fan;

e Avoid installation of elbows or bends at the fan
discharge, which will lower fan performance by @
increasing the system's resistance, @

Loss = 1VP Loss = 1VP

e Avoid installing fittings that may cause nonuni-
form flow, such as an elbow, mitred elbow, or

square duect.
¢ Check that the fan impeller is rotating in the
proper direction—clockwise or counterclockwise.
e TFor belt-driven fans— @

-  Check that the motor sheave and fan sheave : Lose = 08VP Notoss

are aligned properly, ' Typical

- Check for proper belt tension, Fan Discharge Conditions
e Check the passages between inlets, impeller

blades, and inside of housing for buildup of dirt,
obstructions, or trapped foreign matter.
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Electric motors are used to supply the necessary
energy to drive the fan. They are normally elassified
in two groups:

¢ Integrals
s Fraetionals

Integral-horsepower electric motors are normally
three-phase, alternating-current motors. Fractional-
horsepower electric motors are normally single-phase,
alternating-current motors and are used when less
than 1 hp is required, Since most dust collection
systems require motors with more than 1 hp, only
integral-horsepower motors are discussed here.

The two most common types of integral-horsepower
motors used in dust collection systems are—

¢ Squirrel-Cage Motors — These motors have a
constant speed and are of a nonsynchronous,
induction type.

e Wound-Rotor Motors — These motors are also
known as slip-ring motors. They are general-
purpose or continuous-rated motors and are
chiefly used when an adjustable-speed motor is
desired,

Squirrel-cage and wound-rotor motors are further
classified according to the type of enclosure they use
to protect their interior windings. These enclosures
fall into two broad categories:

e Open
o Totally enclosed

Drip-proof and splash-proof motors are open motors.
They provide varying degrees of protection; however,
they should not be used where the air contains sub-
stances that might be harmful to the interior of the
motor,

Totally enclosed motors are weather-protected with
the windings enclosed. These enclosures prevent free
exchange of air between the inside and the outside,
but they are not airtight,



Totally enclosed, fan-cooled (TEFC) motors are
another kind of totally enclosed motor. These motors
are the most commonly used motors in dust collection
systems. They have an integral-cooling fan outside
the enclosure, but within the protective shield, that
directs air over the enclosure,

Both open and totally-enclosed motors are available in
explosion-proof and dust-ignition-proof models to pro-
tect against explosion and fire in hazardous environ-
ments.

When selecting a motor, the following points should be
considered: :

e Required brake horsepower and revolutions per
minute

¢ Characteristics of power supply, such as line
voltage (110, 220, 440 volts), single-phase or
three-phase alternating current, and frequency

e Environmental conditions under which motor
would be operated (for example, temperature,
humidity, corrosive atmospheres, or open flames)

® Characteristics of the load (i.e., the fan and drive
elements) and power company restrictions on
starting current

e Necessary overload protection for the motor

e Ability to supply adequate power under "cold"
starts ’

Collecting and Disposing of Dust

Selection of Motor
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Disposal of Collected
Dust

Removing Dust from Hopper

Conveying the Dust

114

After dust-laden exhaust gases are cleaned, the
collected dust must be disposed of properly, Ideally,
dust can be returned to the product stream and sold; if
this is not possible, disposal of dust may become a
problem, For example, when dry dust collectors are
used, secondary dust problems may arise during un-
loading and disposal of collected dust; for wet dust
collectors, the disposal of wet slurry or sludge can be
a problem.

Proper disposal of collected dust ean be accomplished
in four steps: '

1. Removing dust from the hopper of the dust
collector

2. Conveying the dust
3. Storing the dust

4. Treating the dust for final disposal

Collected dust must be removed from the hopper to
prevent recirculation within the dust collector. Since
the material must be removed continuously (while the
dust collector is operating), rotary air locks or tipping
valves should be used to maintain a positive air seal.
If the material in the hopper has a bridging tendency,
equipment such as bin vibrators, rappers, or air jets
should be used.

After the dust has been removed from the collector, it
must be transported to a central point for accumula-
tion and ultimate disposal, Conveying of dust can be
accomplished by the following methods:

e Use of serew conveyors

e Use of air conveyors (pneumatic conveying)

¢ Use of air slides (low-pressure pneumatic
conveying) '

e Use of pumps and piping systems to convey slurry

Screw conveyors have been used with a great deal of
success, However, trouble areas to be considered are



maintenance access, worn-out bearings and casings
due to abrasive materials, and air leaks, For wet dust

collectors, inclined conveyors can be used to convey -

the slurry to a settling pond.

Pneumatic conveyors are often selected to convey dry
dust because they have few moving parts and can
convey either horizontally or vertieally. They opersate
on a high-veloeity, low-air-volume prineiple, Trouble
areas include excessive wear and abrasion in the piping
and high capital and operating costs.

Air slides are commonly used for nonabrasive, light
dust, They work on the principle of air fluidization of
dust particles and are useful for heavy horizontal
conveying. Trouble areas include ability to maintain a
certain downward slope and greater maintenance
requirements.

Pumps and piping systems are used to convey the
slurry to a settling pond. However, care must be
taken in this method to prevent water-pollution,

After the material has been removed and transported
from the dust collector, a storage facility must be
used to permit disposal in efficient quantities.
Elevated storage tanks or silos are normally used to

permit loading of dry dust into enclosed trucks under-
neath,

For wet dust collectors, the accumulation area is a
settling pond. A settling pond may require consider-
able space. Since the storage area can only be
decanted and dried out during the dry season, two
settling ponds are usually needed. Also, most
collected materials have very fine components that
may seal the pond and prevent percolation.

In most cases, the disposal of fine dust requires great
care to prevent recirculation by the wind. Several
final dust disposal methods commonly used are—
Landfilling

Recyeling

Pelletizing

Byproduct utilization

Backfilling mines and quarries

Collecting and Disposing of Dust

Storing the Dust

Treating the Dust for
Final Disposal

115
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Front end loader

Enclosur

e

Dust suppression systém
{see Note 1:)

Dust suppression system
[see Note 1:)

Airborne dust capture system
(see Note 2:)

Truck or Loader to Crusher

Note 1: Dust suppression system should be activated only during dumping cycle.

Note 2. Airborne dust capture system should also be activated during dumping cycle and may be kept
on beyond the dumping cycle until adequate control of dust is achieved.

118
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Dry

Specific Illustrations

Enrclosure

Exhaust hood

Recewving hopper

Primary crusher

Truck or Loader to Crusher

Alternate exhaust hood location

OE = 333me
G

QE = Exhaust air volume, CFM
Weight of material dumped, TPM, tons per minute
Bulk density of material, pounds/Ft

G
[l

Note: The open area at the face of the enclosure should be kept 1o a minimum.

119
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Enclosure

Rotary car dumper

Dust suppression system

{see Note 1: ) \\L

Railroad car

Airborne dust capture system
{see Note 2 :)

A N VYA
ol OL/O/QR Qof‘)aaiodonga 2o

Railroad Rotary Dump to Receiving Hopper

Note 1: Dust suppression system should be activated only during durnping cycle.

Note 2 : Airborne dust capture system should be activated during dumping cycle and may be kept on
beyond the dumping cycle until adequate control of dust is achieved.

120
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Specific Illustrations

Enclosure

Rotary car dumper

L~

Railroad car

Exhaust hood

A -t o= Receiving hopper
fay.
gs9 °°q
LYON
& e

% )
540 ' 90§L1

N Src L Avay N
QO oen 8 550N 00 0 T2 058090

Railroad Rotary Dump to Receiving Hopper

QE = 333)(600
G

OE = Exhaust air volume, CFM
T = Weight of material dumped, TPM, tons per minute
G = Bulk density of material, pounds/F13

Dry 121
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[ m—

Grating

Dust suppression system]

Backspill rubber seal

122

| FERRMETRAAY

Hopper car

| "

“‘Tu&is' Gl
ég'
e
e

ko

R

{3
0
oy

€

I~ V-baffles

L.
NN

DESNEAGAS

~

/— Enclosure /
Hinged dust curtain
L

,,}

%
. Receiving hopper
; Airborne dust QFd
capture system X8 =
,°DB',T$ L3\ = 4
030}\ ©| Airborne dust capture system
¢ N
Q:Fg% v~ . .,"0";‘ LY ﬁ
; \‘\ —
—
@'ﬁw U U b U 0 WU O 0
1
o/ [SIEAY o [a] 2] [0}
V-plow lmpact iglers

Belt conveyor

P O Y A I A S S S A R = A A R O T DAt N I Y T e TS A XS A L 19
=~y

Railroad Dump to

Conveyor

Wet



Hopper car

Specific Illustrations

3,

Exhaust hood #1

Grating

™~ V.hatfles

| Receiving hopper
QEZ Exhaust hood #2
A
AP RGol P N1 OO T AN ‘,.n_UU/
Enclosure

k7] *Hinged dust curtain
3 v
T 2 —
7 L - .
Backspill rubber seal 0< e Yvv v e Qf
7 | e —Y
F 7 T . 8] — O T -2
3 V-plow impact idlers Belt conveyor
E?O AN O D R A A A A A S A T e SN S NN N
)
Railroad Dump to Conveyor
\/ 2
- RS
OE1 = 10 AU1 21
D
- V 2
QE2 = 10 Au2 RZ So
D
Qg, ey = Exhaust air volume, CFM
Au1, AUQ = Enclosure open area at upstream, FT2
Ry. Rs = Rate of material flow, TPM
$1. 52 = Height of fall, FT
D = Average material size, FT
Note 1: QE1 and 052 éhould be calculated by using appropriate values of Au ,Rand S .
Note 2: This equation should be applied where D is greater than 1/8in.
123
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Feeder to:

A

Dust suppressicn system

——— \-) Enclosure

A

A
Dust seal

VA
Sty i

Apron feedsr

Hinged dust curtain

I.--._——A]térnate location for

dust suppression systam

|__-Transfer chute
Dust seal

Dust seal '

t~—MHammermilt

Hammermill Crusher

Hinged dust curtain Alternate location for

/ dust suppression system
-~ - (see note)

Dust seal

le— Transfer chute

Cone crusher

Hinged dust curtain

Dust seal

Alternate location for

L~ dust suppression system
\ (see note)

0G0
k2

o -— Transfer chute

Impactor

Impactor

Wet



Feeder to:

Vibrating feeder

Removable cover

Qg

G
AU
R
s
D

It

10 x A, x | RS?
D

= Exhaust air volume, CFM

= Enclosure open area at upstream, FT2
= Rate of material flow, TPH

= Height of fall, FT

= Average material size, FT

Note: This equation should be applied where

D is greater than 1/8 in.

Dry

Specific Ilustrations

Hinged dust curtain
Exhaust hood

/Transfer chute

Dust seal

Alternate exhaust hood Jocation

Dust seal

Hammermili

Hammermill Crusher

Qe
Hinged dust curtain

'Y Exhaust hood

— Transfer chute

H 5
Mo
Dust seal st
Pkl
(R

Alternate exhaust
hood location

Dust seal

Cone crusher

Impactor

Impactor
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Feeder to:

d < O
Dust suppression system 9 [
o Removable cover Q, :Oh
Vibrating feeder Hinged dust curtain <4 )
= i

Alternate location for T I

<a
- 1o
Dust seal i dust suppression system % g o }'
o] ol Tight enclosure/casing
Hinged dust curtain g, o
i O’ D
9 l«—Bucket elevator
&)
<3
Dust seal " 9 o *
[

“\:'V ) L
Bucket Elevator

Alternate location for

dust suppression system Enclosure

\ Transfer chute Hinged dust curtain
{7y /Airborne dust

Backspill rubber seal

V-plow
Belt Conveyor

Dust suppression system—" .
™~~~ Dust suppression system

Transfer chute

. i
Inspection door ! |

y Bin cover

< . S

Ajrborne dust —= - == ") -=— Airborne dust

capture system Pt =l capture system
cla

LIWY
, Lo
i .

. ~Storage bin/hopper

Storage Hopper
126 Wet



Specific Illustrations

Feeder to:
4 >
<9 o
Removable cover N
. ) a e
Vibrating feeder —_ Hinged dust curtain a o
dal,
~ o Ve
Dust seal .{ o %
Bucket elevator ~ o
< O |[" Tight enclosure/casing
S <
O: ED
[
<
Alternate exhaust
9 hood location
< P
Q
P
Exhaust hood
b
Bucket Elevator
Qp
E Enclosure
Exhaust hood ‘#a
; _-Hinged dust curtain
Transfer
chute
Belt conveyor
Backspill \
rubber seal 4
Impact idlers
V-plow
Belt Conveyor
S = S'l + 82
2 Transfer chute
Qg = 10x A, x[ RS2 e
D . Bin cover
Inspection door Exhaust hood
Qg = Exhaust air volume, CFM T L §
A, = Enclosure open area at upstream, FT2
R = Rate of material flow, TPH Storage bin/hopper |— I
S = Height of fall, FT
D = Average material size, FT Sy

Note: This equation should be applied where
D is greater than 1/8in.

Storage Hopper

Dry
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Feeder to: Screen or Mill

Dust suppression system
Enclosure

V_-‘\:O —
7 /27'/T\ E';I
5 GO tie

/

Apran feeder

128 Wet



Feeder to:

Removable cover
Vibrating feeder

[

Hinged dust curtain

= x 2
Qg =10 Aux,RDS

= Exhaust air volume, CFM

Enclosure open area at upstream, Fr2
Rate of material flow, TPH

Height of fall, FT

Average metenal size, FT

Qe
Ay
R
S
D

Note: This equation should be applied where
D is greater than 1/8 in.

Dry

Specific Illustrations

Qe

Dust seal Exhaust hood

Enclosure

/" Revolving screen

Rotating Screen
Hinged dust curtain

Dust seal Transfer chute

Qg

Exhaust hood

Dust seals Screen covers

Vibrating screen

Vibrating Screen -

Hinged dust cur‘tain4 Q¢

4 1 Alternate exhaust hood location
e |
P

Exhausthood g il frod mil

Ball/Rod Mill
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Conveyor to:

Belt conveyor

N\

Hinged dust curtain

\

E—

P
Dust seals ﬁ ﬂ

Alternate location for

dust supprassion system

{see nawe}

Beh scrapergg E

Alternate location for~

dust suppression system

Feedbox

Dust seal

Belt scraper
Note: Excessive moisture may cause crusher jamming

Rackbox

130

Impacto‘r

Transfer chute

Dust suppression systam
Hinged dust curtain

‘Inspei:tion door
Rockbox
Belt scraper
Alternate location dust
Suppression system
{ses note)

Alternate locetien for
Feedbox B

dust $uppression system

{see note)
Rockbox

one crusher

Cone Crusher

Hinged dust cunain

Dust suppression system
{see nota)

Inspection doar
Belt scraper -

Rockbox

Alternste locatien for
s # | dust supprossion syslem
Voo {ses note}
Feedbox \ s
A~
Rockbox f Do D
- Rall crusher
el
L_\(‘L

Roll Crdsher_

Dust suppression system

Inspection door

Rockbox

Alternate location far

dust suppression system

Hammerenill

Hammermill Crusher

Dust suppression system

Inspection door

Afernate [ocation dust suppression systam

Wet



Specific lllustrations

Inspection door

Conveyor to: Hinged dust curtain F

Raockbox

Belt conveyor : Beit scraper Exhaust hood

Feed box

Rockbox

. : 4
Dust seal & 1% ¥

" Cone Crusher

Inspection door

£

Belt scraper ] Hockgax
Feed box Ce
Exhaust hood
Rockbox g 08 ok

Roll crusher
pi

J___)\(_'L
Roll Crusher

Inspection door
Rockbox

2 e Hammermill

GE=10xAux RS : y 3
] ; .. {

Qg = Exhaust air volume, CFM ‘ .
A, = Enclosure open area at upstream, FT2 Hammermill Crusher
R = Rate of material flow, TPH
S = Height of fall, FT Hinged dust curtain _nspection door
D = Average material size, FT P

2T

Beift scraper/

Note: This equation should be applied where

D is greater than 1/8in. Rockbox

Impactor
Dry 131
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Conveyor to:

Dust suppression system 1 J
'\ Inspection door ~

Belt conveyor

Hinged dust curtain .— Bucket elevator

Dust seal . Tight enclosure/casing

Dust seal 1 Belt scraper |

Rockbox —

Mini rockbox
Transfer chute =~

Bucket Elevator

Dust suppression system
Hinged dust curtain

Inspection door
e

Dust seals o 4 Transfer chute

.~ Airborne dust  Enclosure

capture system Hinged dust curtain

Bait conveyor
5 -

Impact idlers  V-plow

Belt Conveyor

_—Dust suppression systern

Inspection door

[a]
Dust seal Rockbox

Belt scraper

. Transfer chute
Inspection door
Bin cover

Airborne dust capture systemn _ 1 ;b Airborne dust capture system

Storage bin

Storage Hopper

1 32 Weg



Conveyor to

Belt conveyer

N\,

Dust seal

Transfer chute

Specific THustrations

Jo

4 ©
o~ D"-"‘:‘.
t o £
a: .‘D >
Q o
a o
1 _J_,'\‘\ L _|
Hinged dust curtain  :Inspection door ]t”_ “TOT Bucket elevator
l¢) e
Q
e Tight enclosure/casing
o b
Dust seal o
Belt scraper o Exhaust hood
o o p
ockbox 2 : OE
Alternate exhaust haod locatian

Bucket Elevator

Hinged dust curtain .
Inspection door

QE
Dust seal
Enclosure

/ Hinged dust curtain

Exhaust hood "

Rockbox g .-Belt conveyor

-plow

Belt Conveyor

Impact idlers

Hinged dust curtain Inspection door

Dust seal Rockbox

Belt scraper
Transfer chute

Bin cover
Exhaust hood

- Storage bin

$ =51 +352
2
Qg = 10 x A, x| RS?
D
QE = Exhaust air volume, CFM
A, = Enclosure open area at upstream, FT2
R = Rate of material flow, TPH
S = Height of fall, FT
D = Average material size, FT
Note: This equation should be applied where
D is greater than 1/8in.
Dry

Stora Hopper
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Conveyor to: Screen or Mill

Belt conveyor Hinged dust curtain

\. \
—
/ hd Dust seals M

134

Wet



Conveyor to:

Belt conveyor Hinged dust curtain

Dust seal

Qp = 10x A, x| RS2
B
,’.l
Qg = Exhaust air volume, CFM
Aj = Enclosure open area at upstream, FT2
R~ = Rate of matenal flow, TPH
S = Height of fall, FT
D = Average material size, FT

Note: This equation should be applied where
D is greater than 1/8in.

Specific Illustrations

Hinged dust cumain  Inspection door

Qg

Transfer chute Exhaust hood

Enclosure

|~ Revolving screen

A

: S
Revolving Screen

Inspection door

Dust seal
Belt scraper

<

Qe

Rockbox

Is}
Dust seals Exhaust hoco

Dust seal
Screen covers

Vibrating screen

Vibrating Screen L

Hinged dust curtain
, Inspection door

Dust seal
Beli scraper

Rockbox

Rockbox

Transfer chute
Ball miil/rod mill

Ball Mill

135
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From: Jaw Crusher

_Jaw crusher
Alternate location for airborne dust capture system.

Enclosure

4 Hinged dust curtain
Transfer chute —

Rockbox

From: Roll Crusher

Dust suppression systern
(see note)

L—- Roll crusher

Transfer chute Airborne dust

capture sysiem

Enclosure

Rockbox Hinged dus? curtain

impactor

Enclosure

Hinged dust curtain
Rockbox

Belt conveyor
Backspill rubber seal

impact idlers

V.-plow

Note: Excessive maoisture may cause crusher jamming

To: Belt Conveyor

136 Wet



Specific Ilustrations

From: Jaw Crusher

YA
e

-

Jaw crusher |

Td

;s

]
2

&

e

&

i
e

Enclosure
Hinged dust cunain

crusher throat
opening

Transfer chute — Ay =

Rockbox

From: Roll Crusher

Rolf ceusher |
. Ay = crusher threat opening

Nod

o

ﬂ%{)on QE
Transfer chute Encl
s Exhaust hood jelesure
Rockbox Hinged dust curain
Qg = 10x Ay x tasi
From: Impactor
Qg = Exhaust air volume, CFM
A, = Enclosyre open area at upstream, FTZ
g = ﬁa!e of r;’nat?rial flow, TPH
= crusher throat opening & = Asgg;g H::tlérfla{ size, FT
Note: This equation should be appiied where D is greater than 1/8in.
Q¢
Transfer chute
Enclosure
Hinged dust curtain = .
-~ . Belt co1

Rockbox

Backspill rubber seal / )
. - Impact idiers

V-plow

To: Belt Conveyor |

Diry
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From: Cone Crusher

Dust suppression system
(see note)

Dust seal

Cane crusher

Airborne dust

Transter chute Enclosure

capture system i
P ¥ Hinged dust curtain
Rockbox

Transfer chute Airborne dust capture system

Enclosure

Rockbox Hinged dust curtain

From: Gyratory Crusher
y SN g Note: Excessive moisture may cause crushar jamming

Gyratory crusher

éy)@u&é Airborne dust capture system

Transfer chute
Enclosure

Hinged dust curtain
Rockbox

BelT‘conveyor
Backspi!l rubber seal

J Impact idlers
V-plow

To: Belt Conveyor
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Specific Illustrations

From: Cone Crusher

Enclosure
Transfer chute
Hinged dust curtain
Rockbox

From: Hammermill Crusher

Hammermill

Transfar chute

Rockbox Enclosure

Hinged dust curtain

Qe = 10x A, x [ RS2
b

—_— J_—I\{_'_‘
™ 7 = Exhaust air volume, CFM
Enclosure open area at upstream, FT2
Rate of material low, TPH
Height of fall, FT
Average material size, FT

g
Ay
A
s
D

oo

Note: This equation should be applied whare D is greater than 1/8in.

Transfer chute
Enclosure

Hinged dust curtain

Rockbox

Belt conveyor

-5 Impact idlers .
V-plow

To: Belt Conveyor

Dry 139
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' Dust seal
Screen to: . Dust suppression system

Transfer chute

[n g ™
W‘L—_ B Screen covers

Dust seals Dust seal

Feedbox

Vibrating screen Rockbox

Dust seal

Crushers

Dust suppression system

Transfer chute

Airborne dust capture system Enclosure

1F' Hinged dust curtain

V-plow impact idlers Belt conveyor

Backspill rubber seal

Convevyors

Dust suppression system

Transfer chute

Rockbax

Impactor

Note: Excessive moisture may cause crusher jarmming

140 ! Wet



Specific Hllustrations

A
Screen to: &Exhaust hood

Transfer chute

Dust seal
Hammermill

Cone crusher
Roll crusher

Crushers
Qe
Transfer chute
S
Exhaust hood Enclosure
/ Hinged dust curtain
e
Backspill rubber seal . —r .
: :1; = =2 2 ~ T )
V-plow Impact idlers Belt conveyor
. Conveyors

Og = 10x A, x [ RS?
D

Exhaust hood
= Exhaust air volume, CFM
Enclosure open area at upstream, FT2 Transfer chute
= Rate of matenal flow, TPH
= Height of fall, FT

= Average material size, FT Rockbox

l

QE
Ay
R
S
D
Impactor

Note: This equation should be applied where
D is greater than 1/8in.

Note: Ay depends upon tightness of enclosure
at the screen

Impactors
Dry : 141
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Screen to:

4
A

"= Screen covers

Vibrating screen

Backspitl rubber seal

ol

7
N A

Transfer chute

[
At
o
[
[0

Mini rockbox

©

A Q0G0 OAD A A OadaYN

Dust suppression system

QA ado

Elevators

Dust seal
Dust suppression system

Transter chute

o

F,— Bucket elevator

Tight enclosure/casing

%\ Airborne dust capture system Enclosure

Impact idlers
V-plow

Conveyors

Dust suppression system —»

-—

Inspection door Bin cover

Airborne dust capture system -

Note: Excessive moisture may cause crusher jamming

142

Hoppers

Hinged dust curtain

Belt conveyor

Dust suppression system

Transfer chute

4= Airborne dust capture system

Storage bin/hopper

Wet



Screen to:

Specific Illustrations

Bucket elevator

] o
~ 1 d e
L= a9 PR
, a bl X
. X g 0
Dust seals ) Dust seal g
(e
Transter chute — Pt -
Vibrati 12T YID]
ibrating screen ) 9 5 Tight enclosure/casing
J b
s 9 e
) Mini rockbox o‘ o
N O' ' Ajternate exhaust
g O | hood tocation
0 _st
o !
1 :‘O
3"--‘| . O‘E
Exhaust hood
{ S Elevators
</ Transter chute Q¢
Ve
/ Exhaust hood g Hinged dust curtain
)7
l Belt conveyor
Backspill rubber seal o
Impact idlers
V-plow Conveyors
S=8 +8§ <

Qg = 10x A, x | RS2
D

Qg = Exhaust air volume, CFM

A, = Enclosure open area at upstream, FT2
R

S

D

Rate of material fiow, TPH
Height of fall, FT
= Average matenal size, FT

Note: This equation should be applied where
D is greater than 1/8 in.

Nate: “Ay” depends upon tightness of enclosure
at the screen |

Transfer chute

Bin cover

Inspection door

Storage bin/hopper

Dry

Hoppers
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Screen to:

Enclosure

N Dust suppression system

Transfer chute

Airborne dust capture system Enclosure

ot 4

<

Hinged dust curtain

Dust suppression system =~

Transter chute

|nspection door

Airborne dust capture system —se{ ]

144

Impact idlers

‘\\

s

Belt conveyor

-

Conveyors

Dust suppression system

Bin caver

b"" Airborne dust capture system

Storage bin

Hoppers

Wet



Specific IHustrations

Screen to:

Enclosure

Revolving screen

Transfer chute
S
Exhaust hood Enclosure
/ Hinged dust curtain
[~
Backspill rubber seal —
. Y - — T < A
V-plow Impact idlers Belt conveyor
Conveyors

-

Transter chute

Bin cover,
[nspection door

Storage bin/hopper

S = ST + 52
Qg = 10x A, x RS2 2
()
\
= Exhaust air volume, CFM Hoppers

Enclosure open area at upstream, FTZ
Rate of materiai flow, TPH

Height of fall, FT

Average material size, FT

Dmmr_yrp

Ncte: This equation should be applied where
D is greater than 1/8 in.

Note: Ay depends upon tightness of enclosure
at the screen

Dry
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Ball/Rod Mill to: Feeder or Screen

Ball milt/rad mill

146 Wet



Ball/Rod Mill to:

Bail mill/rod mill

Specific Illustrations

Dust seal

Transfer chute

Exhaust hood

Removable caver

Y/

N \\X)

Vibrating Feeder

Vibrating feeder/

Dust seals

Vibrating screen

Qg = 200 CFM per square foot of open area

reentrainment of finely ground material

Note: Avaid excessive air velocities at the face of the hood to prevent

Dry

Vibrating Screen
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Ball/Rod Mill to:

Ball mill/rod mill

|

Dust seal

Transfer chute

Mini rockbox

Transfer chute
W

Dust suppression system

Q

le- Bucket elevator

s

o Tight enclosure/casing

fadadcdacacaaadhao aaaa

Bucet Eievator

~=— Dust suppression system

Enclosure

|« Hinged dust curtain

Backspill rubber seal —wqd

V-plow lmpact idlers
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Specific Illusirations
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Exhaust hood

Note: Avoid excessive air velocities at the face of the hood
to prevent reentrainment of finely ground material.
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Dry 149



Dust Cantrol Handbook for Minerals Processing
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Elevator to:
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m
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Height of fall, FT
Average material size, FT
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Note: This equation should be applied where
D is greater than 1/8 in.

Dry

Specific Hlustrations
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Dust suppression system
(see note)
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Screw Conveyor

Dust suppression system
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Airborne dust
capture system
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Note: Wet systems are not recomended far fine powdery material
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Elevator to:
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Qp = Exhaust air volume, CFM

A = Enclosure open area at upstream, FT2
R = Rate of materia! flow, TPH

S = Height of fall, FT

D = Average material size, FT

Note: This equation should be applied where
D is greater than 1/8 in.
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Dry

Specific Illustrations
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Hopper to:
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bin/hopper
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Specific Ilustrations
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Chapter 6

Estimating Costs of

Dust Control Systems

Since adequate control of dust emissions can usually
be achieved by more than one dust control method, a
considerable economic burden may result if the ap-
propriate method is not seleeted. This burden can be
higher capital costs, higher operating and mainte-
nance costs, or both, Preliminary cost estimates can
prevent this unnecessary economie burden by—

¢ Characterizing the costs to be incurred and
determining whether they are feasible

e Comparing expected costs of alternative dust
control techniques to help identify the optimum
control technique

Necessity for Cost
Estimates

Several methods, with varying degrees of accuracy,

are available for estimating costs, They range from
presenting an overall installed cost on a per-unit
basis to presenting detailed cost estimates based on
preliminary designs, schematics, and/or vendors' ecost
estimates, The least accurate method is to equate
overall costs to a basie operating parameter such as
tons per hour or cubic feet per minute. This ap-
proach is not recommended. Where possible, detailed
cost estimates should be arrived at by preparing
preliminary designs and schematics. However, if
time does not permit this approach, equipment
vendors may be contacted. Based on their current
knowledge of the technology and experience in the

industry, they can provide reasonably accurate cost
estimates,

Preceding page blank

Cost Estimating
Procedures
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Cost Components

Capital Costs

Summary of
Capital Costs

¢ Major control equipment (35%)*

® Auxiliary or accessory equipment (15%)

¢ Field installation (209%)

¢ Project management and engineering (13%)

¢ Freight, taxes, subcontractor, and so forth (17%)

and

Startup cost, working capital, and other
capitalized costs (15-209:)* &

* Averege percent of the capitgl investment

** Additional costs, expressed as a percentage
of total capital costs
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To prepare and analyze cost estimates, a basic
knowledge of the cost components and their relation-
ship to the total cost of the system is essential,

Total costs for any system can be divided into—

e Capital costs
¢ Operating and maintenance costs

Capital costs consist of the delivered costs for major
control equipment, auxiliary equipment and acces-
sories, and field installation. Capital costs can be
grouped as follows:

® Major Control Equipment

-  Baghouses

~  Electrostatic precipitators
-  Serubbers

-  Cyclones

~ Water-spray bars

- Nozzles

e Auxiliary or Accessory Equipment

- Air-moving equipment
-- Fans and blowers
— Eleetrical motors,
conduit, switches, ete.
— Hoods, ductwork, gaskets, dampers,
ete,

starters, wire,

- Liquid-moving equipment
— Pumps
— Compressors
-~ Flectrical motors,
conduit, switches, ete,
— Piping and valves
— Settling tanks (for wet serubbers)

starters, wire,

-  Storage and disposal equipment
— Dust storage bins and hoppers
— Sludge pits
— Drag lines, trackway, ete.

- Suppoerting construction
— Structural steelwork
—— Cement foundation, piers, ete,
— Thermal insulation
— Vibration and antiwear materials
— Protective covers



Estimatirg Costs of Dust Control Systems

- Instruments to messure or control the fol-
lowing: '
— Air and liquid flow
-- Temperature and pressure
-~ Operation and ecapacity
-- Power
-~ Opacity of flue gas
-- Dust concentration

¢ Field Installation Costs

- Labor required for delivery, assembly,
removal or relocation of equipment

- Freight, taxes, and subcontractors' fees

-  Engineering supervision

- Startup and performance testing

-  Extending or increasing utilities

Baghouses

The capital costs of a baghouse depend on the fol-
lowing:

e Type of filtering media used (eotton, dacron,
glass, Teflon, ete.)

e Type of fabric used (felted vs. woven)
e Adopted air-to-cloth ratios

¢ Type of cleaning mechanism {mechanical shaker,
pulse jet, reverse air)

e Type of baghouse (suction type vs. pressure type;
continuous duty vs. intermittent)

¢ Design and construction (standard design vs,
custom design; carbon steel vs. stainless steel)

e Temperature of exhaust gases (high temperature
vs, low ambient temperature)

Electrostatic Precipitators

The capital costs of an electrostatic precipitator
depend on the net plate area {NPA). The NPA, in
turn, depends on the efficieney required of the
precipitator.

Following are the factors that affect the cost of an
electrostatic precipitator:
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® The electrical characteristics of the dust may
have a significant effect on the collection effi-
cieney and the plate area,

e The resistivity of the dust varies with the tem-
- perature and moisture content of the bag.
Therefore, in some cases, auxiliary equipment
may be required to precondition the gas stream
before it enters the precipitator,

e The addition of moisture to the gas stream, in
combination with a low operating temperature,
may require insulating the precipitator to pre-
vent condensation and corrosion,

Secrubbers

The capital costs of a scrubber depend, generally, on
the following three factors:

e Volumetric airflow rate
e  Operating pressure
e  Construction

The velumetric airflow rate is the most important
factor because the size of the scrubber and its cost
are determined by the actual gas volume at the
scrubber's inlet.

Operating pressure also affects scrubber efficiency
and price. The higher the air volume and/or
operating pressure, the greater the plate thickness of
the shell must be to prevent buckling of the shell.

The cost of a serubber can also increase if it is con-
structed of special materials, such as stainless steel
or fiber-reinforced plasties to protect against cor-
rosion or lining the serubber shell with PVC, rubber,
or refractories to protect against erosion.

Cyclones/Multiclones

The capital costs of a cyclone or a multiclone are a
function of the particulate-removal efficiency,
whieh, in turn, depends on the inlet gas veloecity and
inlet diameter. Theoretically, the higher the velocity
or the smaller the inlet diameter, the greater the
efficiency and pressure drop,



The material of construction also affeets the cost.
For handling highly abrasive dust, the cyclone/
multiclone may have to be constructed of abrasion-
resistant material or lined with ceramic material.
For a highly corrosive gas stream, stainless steel or
fiber-reinforced plastic may be necessary.

Fans and Motors
The capital costs of a fan are based on—

) Construction

] Class

. Volume handled
°

Pressure developed
The capital costs of a fan motor are related to—

¢ Tan speed

e Total system pressure
e  Gas volume flow rate
.

Selected motor housing

Pumps

Although pump prices vary with the design of the
pump, they are generally a function of—

e Pump head developed, ft

e Pump capacity, gal/min

e Pump speed, r/min

The selection of revolutions per minute for these
pumps should be based on the design flow rate:

Flow Rate Pump
{gal/min) {r/min)
¢ - 1,000 A 3,550
500 - 5,000 1,750
2,000 - 10,000 1,170

Note: Generally, the capital cost of the pump and
motor combination varies inversely with the revolu-

Estimating Costs of Dust Control Systems
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Operating and Maintenance
Costs

Estimated Labor Hours per Shift

Operating Labor Maintenance Labor

Control Device {man-hours/shift) (man-hours/shift)
Cyeione ’ 0.5-2 1-2
Fabric filters/baghouses 24 1-2
Electrostatic prezipitators 0.5-2 0.5-1
Serubbers 2-8 . 1-2
Water spray system/ 2-4 1-2

wet

dust suppression system

Notes:
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Estimates are based on large plants operating three shifts per day
for 385 days. For smaller plants expected to operate one shift per
day, 5 deys per week, 50 weeks per year, the labor hours/shift will
be higher,

Estimates are only for performing preventive maintenance.

Where periodic replacement of major parts are required, such as
replacement of filter bags in a baghouse or replacement of spray
nozzles in a wet dust suppression system, the labor cost of replace—
ment will be at least equal to the material cost of replacement
parts,

tions per minute; however, maintenance costs may be
higher as the revolutions per minute increase.

Operating and maintenance costs consist of direct
expenses of labor and materials for operating and
maintenance, the cost of replacement parts, utility
costs, and waste disposal costs. They may also
include indirect costs of overhead, taxes, insurance,
general administration, and capital recovery charges.
However, only direct costs are discussed here,

Operating Costs
Operating costs include—

® ~ Direct labor and materials
e Utilities

Direct Labor and Materials Costs — Labor and
materials costs for operation and maintenance of
dust control systems vary substantially among plants
due to factors such as the degree of automation,
equipment age, and operating periods. Generally
speaking, labor costs can be reduced by increased
system automation.

For small- to medium-size systems with an installed
cost of approximately $100,000 or less, the total cost
of maintenance is approximately 5% of the installed
cost.

Guidelines for Parts and Fquipment Life

Low Average High
_(years}  (years)  {years)

Mgterials and Parts Life

Filter bags 0.3 1.5 5
Spray nozzles 0.01 0.5-1.5 2-3

Equipment Life

Cyelone 5 20 40
Fabric filters 5 20 40
Electrostatic precipitators 5 20 40
VYenturi serubbers 5 10 20

Notes:

® The guidelines for average life represent a process operating
continuously with three shifts per day, 5-7 days per week, 52
weeks per year.

# The guidelines for low life are based on a continuous process,
handling moderate- to high-temperature gas streams, with a high
ceneentration of corrosive or abrasive dusts.

»  Applications having high life expectations for parts and equip-
ment are assumed to be operating intermittently or approxi-
mately one shift per day with gas streams having ambient
temperature and low dust coneentrations.



Utility Costs — The utility costs for equipment such
as pumps and electrical motors are a function of
power/energy requirements, which can be calculated
as follows:

Fan Power
kW-h = 0.746 (hp) (H)

= 0,746 (£t3/min)AP)SG)(H)

6356
where:
kW-h = kilowatt hour
hp = horsepower

ft3/min = actual volumetric airflow rate
P = presswure loss, in. wg
= mechanicel efficiency, usually 60—

70%
H = hours of operation
SG = gpecific gravity as compared to air at

700 F, 29.92 inches of mercury
Pump Power
kW-h = 0.746 (hp) (H)

= 0.746 (gal/min)hy)(SG)(H)

3960
where:
gal/min = flow rate
hp = horsepower
H = hours of operation
hg = head of fluid {ft.)
SG = specific gravity relative to-water

Baghouse Power (auxilieries, motor, ete.)

Horsepower requirements for baghouse shaker
motors, reverse-air fan motors, ete. can be
estimated at approximately 0.5 hp per 1,000 ft2
of cloth area. Power usage depends on dust
loading and cleaning frequency. Assuming & 50%

Estimating Costs of Dust Control Systems
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usage factor, power requirements are approxi-
mately 0.2 kW-h for 1,000 ft2 of cloth area.

Electrostatic Precipitator Power

The power requirements for an electrostatic
precipitator are approximately 1.5 W/ft2 of col-
lection plate area. The range varies from 0.3 to
3 W/ft2.

Once the power requirement is known, the annual
power costs can be calculated using the following
equation:

Annual power cost ($) =

Power usage X Cost of power % Total annual
(kW-h) ($/kW-h) operating hrs,

Waste Disposal Costs

The cost of waste disposal includes the removal
and hauling of dry contaminants to a nearby site.
This cost varies with the particular plant and
available landfill site.

Water Costs

Water costs vary in different areas.

Maintenance Costs
Maintenance costs inelude—

e Labor and materials for preventive and routine
maintenance, such as lubrication, surface pro-
tection, eleaning, and painting

] Replacement of worn-out equipment, parts, or
structures due to wear, abrasion, or corrosion

The annual cost of replacement parts represents the
cost of the parts or components divided by their
expected life. Replacement parts are components
such as filter bags and spray nozzles, which have a
limited life and must be replaced periodically.



Estimating Costs of Dust Control Systems

A 10-15% return on investment is necessary to justify
any capital investment. However, when dust controls
are considered, such a return is not always practical.
The following are some tangible benefits that may
assist in economic justification of a dust control
system:

L

Industrial taxes amount to about 50% of net
inecome, which means business investments result
in a tax savings equivalent to approximately half
the expenditure,

Return on investment before taxes is approxi-
mately twice the value of the return caleculated
after taxes.

Various federal and state governments provide the
following tax relief benefits for industries that install
dust control or pollution control systems:

Seetion 189 of the Internal Revenue Tax Reform
Act of 1969 permits a faster tax write-off of
pollution control facilities. If the facility is
certified by both the Environmental Protection
Agency and the appropriate state agencies, faci-
lities installed after 1368 can be amortized over
a 60-month period. An exception to this is any
control system that recovers the costs by
generating a profit in some manner.

Thirty-seven states provide tax ineentives for
pollution control facilities, sueh as—

-  Property tax exemption

- Sales and use tax exemption
- Income tax credit

- Accelerated amortization

All but four states (California, Idaho, New
Jersey, and Texas) authorize the use of industrial
revenue bonds to finance pollution control equip-
ment. These are normally 15-year bonds that
provide tax-free interest to the holders. Al-
though the interest rates offered by these bonds
are about 2% lower than most other bonds, they
can attraet investors because of their tax-free
status.

Cost Justification
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Other intangible benefits may further assist in justi-
fying a dust control system:

[

Reducing health hazard possibilities

Reducing risk of dust explosion and fire
Reducing equipment wear and damage

Increasing visibility

Reducing or eliminating unpleasant odors
Improving relations with neighbors

Creating safer and more pleasant working condi-
tions, thus improving employee morale and

productivity

Possible product or byproduct savings



Chapter 7

Controlling Surrounding

Dust Sources

Although a dust control system is the best way to
reduce dust levels in a workplace, it cannot control
dust from secondary sources such as material spillage
or leakage from a process or piece of equipment, or
dust brought in through the ventilation system or
through doors and windows. These secondary sources
can contribute significantly to dust levels and can
render the existing dust control system ineffective,
This chapter describes some of the most important,
but often overlooked, measures to aid in control of
workplace dust levels,

Introduction

Increases in workplace dust concentrations may result
from—

e Poor or inadequate maintenance of dust control
systems and dust-producing equipment or pro-
cesses

e Poor or inadequate housekeeping procedures

e Recirculation of previously emitted dust par-
ticulates

. Recirculation of uncontrolled emissions from dust
collectors

Note: The discussion provided here assumes that
adequate dust controls are installed on all major dust
sources,

Contributing
Sources/Factors
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Administrative Measures

Number of Hours on Each Job
for Each Employee To Keep
Exposure Levels Less Than 2 mg/m3

Cumulative = T 151 796 - -7 Cn

Exposure Tlotal

where:
T = time

C = concentration

Time Spent st Each Job
Joo 1 Job 2 Job 3 Job 4 Employee
Cone. Cone. Cone. Cone. Cumulntive

Employee 1.0 mg/m? 0.5 mg/mJ 1.2 mg/md 4.5 mg/mJ Exposure mg/m3

W 0 2 [l 2 1.8%
1 2 2 . 1.A7
1 | k] 1,84
' 1 2

X n
Y 4
7 4 1.84
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Administrative measures provide a second line of
defense against dust exposure. Instituting sueh mea-
sures also indicates management commitment to dust
control. The following steps are recommended:

¢ Fstablishing a companywide dust control pollcy
endorsed by upper management,

e TForming a dust control task force made up of
plant managers, metallurgists, maintenance man-
agers, health and safety managers, production
managers, et¢. The purpose of the task force is -
to—

-  Conduct dust surveys and identify high dust-
level areas

-  Assign priorities to areas requiring dust con-
trols

-  Suggest proper dust eontrol techniques

-  Prepare timetables for completion of dust
control projects/activities

- Estimate costs
e Fducating and training plant personnel. A short

training course can be established to familiarize
plant personnel with sueh items as—

- Company and division dust policies
- Government standards and safe levels

- Reasons why dust surveys are conducted and
ways to measure dust

-  Measures the company is taking to reduce
dust levels and improve working conditions

- Ways plant personnel can help

-  Types of personal protection available

¢ Maintaining an awareness of dust control. Infor-
mation can be collected and exchanged regarding
ongoing dust control programs in all divisions of
the company or in related industries and govern-
ment research organizations.



Controlling Surrounding Dust Sources

Periodic Dust Housekeeping Checklist

All mobile equipment (trueks, front-end loaders, dozers, etc.) clean.
Motors and switch gear clean of execessive dust, oil, slurry, and debris.

All operating department floors and working surfaces to be vacuumed or washed and free
of serap or debris.

Tools, bars, shovels, ete. stored in racks.

Hoses washed down on reels installed and maintained at such points as slurry pumps,
stone belt transfer points, ete,

Safety shower operational, available, and clean.

Safety eyewash bottle, first-aid kit, and stretcher checked.

Dust accumulations around process equipment at a minimumn; spills prom pﬁy cleaned up.
Fire extinguishers checked and available,

Belt-conveying systems free of spills and buildup, particularly at transfer and loading
points.

Building siding and roofs properly maintained and free from broken or l_oose sheets.
Building doors and windows clean and in good repair at all times. | |
Locker rooms neat, clean, and in san'itary condition,

Offices neat and orderly.

Bulletin boards available and properly maintained.

Unpaved roadways and parking areas treated to minimize dust.

Yards and fields mowed frequently.

Plant storm sewers and open drainage ditches clean,

Parts inventory stored in orderly fashion.

Traffic lanes in shop areas clearly marked and free of serap.

Abandoned process equipment and machinery promptly removed from the plant.
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Preventive Maintenance
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Time, min

Effects of Bag Hopper
Overflowing on
Worker Exposure

A preventive maintenance (PM) program is the key to
reliable and efficient operation of any dust control
equipment or system. Although PM programs require
time and money, the investment can pay for itself
through improved worker morale, increased equipment
and system reliability, increased equipment and hard-
ware life, and reduced cleanup costs and system

downtime.

When instituting a PM program, the fol-

lowing points should be considered:

Conduct PM programs on all dust control system
hardware and components, as well as dust-pro-
ducing sources, during plant shutdowns or as re-
commended by the equipment manufacturer.

Carry all necessary spare parts in sufficient quan-
tities for dust control systems.

Give high priority to patching holes, caulking and
sealing cracks, and maintaining dust seals.

Inspect and adjust all belt conveyors and their
skirting rubber and dust seals,

Inspect belt conveyor idlers and nonmoving idlers.
Remove and replace missing or broken idlers,

Inspect all belt conveyor training idlers. Adjust
them as necessary so the conveyor belt does not
travel laterally. :

Shut and clamp all access and inspection doors
before any operation begins.

Schedule adequate time for workers to perform
routine cleanup at work stations.

Rotate periodie eleanup among erews.
Inspect all dust seals and repair or replace.

Inspect belt serapers on belt conveyors and adjust.
Replace worn-out cemponents,

Measure velocity and static pressures weekly.
Check for plugged ductwork and clean im-

mediately. If this problem occurs repeatedly,
redesign the ductwork.



Controlling Surrounding Dust Sources

e Develop safeguards to prevent overflowing bins.

e Follow the preventive maintenance program for
dust collectors, fans, and motors described in
chapter 4.

e Inspect nozzles and other components periodi-
cally. Replace worn-out nozzles as needed.

e Follow the preventive maintenance program for
pumps and compressors described in chapter 3.

No dust control system can perform reliably unless it P .
is operated properly. To achieve maximum efficieney, roper Operat mmg
the following measures are suggested: Procedures

¢ Educate operators on startup and shutdown pro-
cedures.

2.0 —

o
T

e Instruet operators that all dust control systems
should be in operation before any processing
equipment is started.
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Dust cancentration. img m3

e Eliminate the use of compressed air jets to clean s Normal ‘
accumulated dust from the equipment or clothing A
and substitute a vacuum cleaning system. : iRl
0 2 4 6 8 10
e Use a vacuum cleaning system to clean spills and fine, me
dust aceumulations. Avoid brooms and shovels. Increase in Dust
‘ Exposure When Using
¢ Use pressure water, where applicable, to clean Compressed Air to
equipment during plant shutdown or as necessary. Clean Clothing
e Check the speed of belt conveyors and slow them T ?jeepmg Sweeping
down, if possible, to reduce dust circulation. 20 T T
e Install an alarm to sound when a dust eollector %.5 .
stops operating. g o ! /
e Seal off obsolete working areas and remove g e v 2 '
a] une, min

unused equipment. o
Increase in Dust

Exposure When Using
a Broom
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Managerial Measures

A plant manager, production superintendent, or pro-
duction foreman can play an important role in imple-
menting dust control measures. The following
measures can enhance the effectiveness of
nonengineering controls:

e Adjust worker schedules so total daily exposure to
harmful dust does not exceed threshold limit
values.

e Adjust production schedule, where possible, to
prevent or reduce secondary dust sources in the
area, For example, empty a dust hopper at off
times when no workers are in the area.

e Provide or arrange for appropriate respirators to
be stored at key locations,

e Implement proper and continuous use of respira-
tors, where necessary.

QOutside Dust Source
Control

Normal dust
levels inside Bulk loading
mill staried outside

C"% R
£
g°r
“Cd s Normél
c
2 ool B o ’ A X
% D e don s i e
= 0 4 8 12 1] 20
= Time, mn

Effects of Bulk Loading

Qutside on
Worker’'s Exposure
Inside the Mill
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Most minerals processing facilities have haul roads,
loading and unloading facilities, and stockpiles. Al-
though these dust sources are located outside the
processing facility/building, dust can enter through
doors, windows, air intakes, and other openings. The
following measures are suggested:

e Treat the surfaces of haul roads regularly to
reduce dust formation/generation due to vehicle
traffie,

e Pave the haul roads, if cost permits.

¢ Vacuum or wash the paved roads periodically.

e Enclose all loading and unloading facilities and
equip them with dust controls.

e Spray active stockpiles periodieally to reduce dust
spread due to wind,

o Cover and/or spray all inactive stockpiles to
eliminate or reduce dust spread.



e Locate the building's air intakes in such a way to
minimize outside dust infiltration.

» Use automatie bin level indicators to shut off
feed to bin before overflow occurs, '

Controlling Surrounding Dust Sources

A dust collection system can remove large volumes of
air from & room or building, Unless this air is
replaced, the room or building can come under
negative pressure, or partial vacuum. Outside air
brought into the building in a controlled fashion is
known as make-up air.

1f provisions for make-up air are not made, outside air
will enter through doors, windows, and other openings
in an uncontrolled fashion and may—

¢ Pring pearticulates or contaminants into the
building

e “Starve" the existing dust collection system

e Create high-velocity cross drafts through doors,
windows, and openings, which may be undesirable

e Affect the efficiency of natural draft stacks or
chimneys

e Create unwanted drafts on workers or equipment
e Increase plant heating costs

Make-up air may be filtered and heated or cooled. In
northern climates, considerable heating costs may be
incurred if make-up air is heated. To reduce plant
heating costs, ‘'"cleaned" exhaust gases from dust
collectors may be brought into the building to serve as
make-up air. This recirculation of exhaust gases can
reduce plant heating costs, but it can also bring in dust
if the process is not properly designed, installed, and
operated.

Recirculation of
Uncontrolled Emissions

Good

Foor

Low discharge stack relative te building herght, air inlet on roof and wall.

These guidelines apply only to the simple case of @ low bullding withou!
surround:ng obstruclions on reassnably level terrain

Source Americam Conference ¢f Governmental Indusinial
Hygienigts

Building Air
Inlets and QOutlets
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Most industrial health agencies do not recommend
recirculation of exhaust gases if the dust is hazardous
to health. Incorrect operation or poor maintenance—
both frequent occurrences—can result in return of
contaminated air into the workplace. However, under
the following conditions, the reecirculation of exhaust
gases may be permitted.

Installation of a dust collector or air-cleaning
system of adequate efficiency so that exit con-
centrations do not exceed the allowgble Cp
values. Cp values are calculated as follows:

- 1 r Qp
cp = [T CO]Q_TX%_{
R

where:

CR = dust concentration in exit air (i.e.,
"cleaned" air) from the collector, be-
fore mixing with room air

QT = total air volume exhausted from the
area, ft3/min

Q’R = volume of air recirculated, ft3/min

K = mixing factor, usually varying from
3-10, with 3 being good mixing

TLV =  threshold limit value of the dust

Co = dust concentrations measured in

workers' breathing zone with exhaust
. gases discharged outside

Installation of a secondary sair-cleaning system of
equal or greater efficiency than the primary
system or provision for a reliable monitoring
device to obtain and analyze a representative
sample of recirculated air, Such a monitoring
system should be fail-safe in the event of power
failure, environmental contamination, or poor
maintenance,

Installation of a warning signal to indicate mal-
function of the secondary air-cleaning system or
above-limits dust concentrations,



Provision for immediate bypass of recirculated air .

to the outdoors or complete shutdown of the dust-

generating process when the warning signal goes
off.

Provision for proper distribution of cleaned air to
allow it tc mix with ambient air.

Avoidance of high discharge velocities to prevent
disturbance of the accumulated dust, which can
create a local miniature dust storm.

Recirculation of hezardouws materials with low
TLV's is not recommended.

Controlling Surrounding Dust Sources
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Chapter 8

Sampling Dust in

the Work Environment

Personal dust sampling should be a central part of the
occupational health program of every mining or
minerals processing operation. Fmployers have an
ethical and legal duty to provide a safe, healthy
working environment for their employees,

The Federal Mine Safety and Health Aet was estab-
lished in 1977 to protect the health and safety of
miners. Section 103 of the aet authorizes inspections
by U.S. Government personnel; Section 101 addresses
health and safety standards. Compliance with the
established standards requires regular monitoring of
employee exposure to harmful substances. Title 30 of
the Code of Federal Regulations requires checking
dust, gas, mist, and fume emissions as frequently as
necessary to determine the adequacy of control
measures,

In addition to ensuring compliance with the regu-
lations, regular monitoring also provides information
on—

e Existence of potential health hazards

e Possible sourzes and concentrations of airborne
dust

e [Extent of individual employee exposure to toxic
substances

Preceding page blank

Personal Dust Sampling
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ABC's of Personal Dust
Sampling
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Before condueting any personal dust sampling, a
preliminary evaluation of the faeility should be made.
It should be conducted in two steps:

e Collect and evaluate information about the opera-
tion, such as process flowsheets describing flow of
material and types of equipment used; number,
type, and toxicity of raw materials, products, and
by-products and the manner in whiech they are
handled; potential sources of dust; number of
workers; and types of control measures in use.

e If possible, use an instant dust monitor such as a
real-time aerosol monitor (RAM) or GCA respir-
able dust monitor (RDM) to evaluate the existing
environmental conditions. This information will
save time by pinpointing dust sources, high-risk
occupations/areas, ete.

Valid measurements are needed to determine if health
hazards exist and dust controls are needed. The same
sampling plan may not be suitable for every work and
exposure environment; therefore, a sampling plan
should be developed for each specific situation. Fol-
lowing are some of the important criteria for devising
an appropriate sampling strategy:

e Type and nature of contaminant

e Location of workers and nature of work opera-
tions

¢ Availability of sampling equipment
e Availability of sample analytical facilities
e Availability of personnel for survey

It is not necessary to sample all workers in a facility.
Suspected and potential health hazards may be evalu-
ated by sampling a maximum risk worker—the person
believed to have the greatest potential for exposure.

A worker may experience high risk because of the
work area (location) or work procedures (tasks), The
work area may have more than one maximum risk
worker if activities or operations are not uniform or if
several different exposure sources exist,

The following are important considerations when
selecting the maximum risk worker:



Proximity to contaminant sources
Frequency of proximity to contaminant source

Number of contaminant sources

Worker complaints and illness

The following equation should be used to calculate
TLV's for respirable dust:

TLV _ 10 mg/m3
respirable dust % respirable quartz + 2

To calculate TLV's for total dust, the following
equation should be used:

TLV _ _30 mg/m3
total dust % quartz +3

Sinece TLV's are time-weighted based on a 7- or 8-hour
work day and a 40-hour work week, MSHA uses a time-
weighted average to determine compliance with the
TLV's, The TWA is calculated using the following
equation:

Net dust weight {mg) _ Ing
Flow rate (L/min) x 0.001 (m3/L) x time (min) -~ m3

Short-term time periods with dust levels above the
TLV are averaged with time periods below the TLV
using the TWA method. When the time factor in the
TWA formula is less than an 8-hour exposure, MSHA
normalizes to an 8-hour exposure and calls it a shift-
weighted average (SWA). This is acceptable practice
provided the time interval sampled is representative
of the entire shift.

Sampling Dust in the Work Environment

Threshold Limit Value
(TLV)

Time-Weighted Average
(TWA)

Personal dust samplers are used to conduct both
respirable and total dust sampling. Components of a
respirable dust sampler are a eyelone, a filter-cassette
assembly, and a sampling pump. A total dust sampler
does not have a cyclone; a filter-cassette assembly
and sampling pump are its only components.

Personal Dust Sampling
Equipment
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Respirable Dust Sampling Head

Cyclone

Vernex finder ——— g

Cyclone

Filter-Cassette Assembly
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Filter-Cassette Assembly

Total Dust Sampling Head

A cyclone is a size-selective device used to separate
respirable and nonrespirable-sized particles from the
air. The cyclone has the following parts:

e A vortex finder that brings the dust-laden air in
at an angle and spins it.

e A cyclone body where respirable and non-
respirable dust particles are separated,

e A grit pot that collects the separated nonrespir-
able particles.

MSHA uses a 10-mm nylon cyclone for enforcement
sampling of respirable dust.

The respirable fraction of dust that passes through the
cyclone is deposited onto a filter inside a cassette.
The completely assembled cassette consists of inlet
and outlet plugs, top and bottom sections of the
cassette, backing plate for the filter, and the filter.

MSHA specifies the following:

1. Polyvinyl chloride (PVC) membrane filters must
be 37 mm in diameter and have a pore size of
5 m (for example, Millipore type PVC-5 and
MSA Corporation type F WS-B).

2. A stainless steel or plastic backing sereen should
suppert the filter.

3. A two- or three-piece plastic cassette, 37 mm in
diameter, should be used for respirable dust
sampling while an open-face, three-piece cassette
should be used for total dust sampling.



The sampling pump moves the dusty air through the
sampling train. It consists of a diaphragm or piston
pump driven by a battery-powered electric motor,
The air volume can be controlled through a rotameter,
a stroke counter, or automatically through a micro-
pressure sensor. The sampling pump should operate
continuously for at least 8 hours between charges.

When the respirable dust sampling head is used, the
pump must be calibrated and operated at 1.7 L/min.
For total dust, the pump must be recalibrated at
1.7 L/min to account for the different pressure drop of
the total dust sampling head in line with the pump.

Sampling Dust in the Work Environment

Sampling Pump

Be sure the battery has a fresh 16-hour charge prior to
each use.

Calibrate the pump using preseribed calibration pro-
cedures,

Instruct Employee

Inform the employee that the sampling train is being
used to determine the amount of dust in the air and
that the pump should not interfere with normal work
practices.

Tell the employee when and where the sampler will be
removed, Explain that if it is necessary to have the
sampling device removed (for example, to use the
washroom), the employee should inform a supervisor
who will arrange for temporary removal, Pe sure to
arrange for removal of the sampling train during the
lunch period,

Attach Sampling Train

Attach the pump to the employee’s belt, positioned so
that it does not interfere with the work

Sampling Procedure

In Office

In Field
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operation—usually in the back on the opposite side of
cassette placement. Be sure the exhaust port
(charging inlet) is not obstructed. Supply a belt if the
employee is not wearing one.

Position the cyclone/filter-cassette assembly on the
employee's lapel or front shoulder area to approximate
the breathing zone, As a guideline, attach to the left
lapel of a right-handed person and the right lapel of a
left-handed person. Be sure the inlet orifice is facing
forward and the assembly has minimum freedom of
movement. A clean, lightweight vest may be provided
to secure both the pump and the filter-cassette
assembly.

Initiate Sampling and Record Information

Turn on the pump. Record the starting time, pump
serial number, and sample number on the sample
documentation form.

Observe the pump operation for a short time to ensure
that the flow rate is 1.7 L/min.

Complete the sample documentation form, Observe
and record weather data or call the local weather
service around midday.

Observe the pump operation after approximately
20 minutes and about every 2 hours thereafter to
ensure that the sampling train is still assembled and
working properly. Record the time of the check and
the time of any pump flow rate adjustment in the field
notes,

Collect the sample for 7 to 8 hours, If large concen-
trations of dust are suspected, collect two 4-hour
samples and combine weights.

Conclude Sampling and Record Information

Check the flow rate and turn off the pump, Pe sure to
note the time that the sampling period ended.

Remove the filter cassette from the eyclone assembly.
Blow loose dust from the filter cassette and keep the
assembly upright to prevent dumping the nonrespir-
able-sized particles from the grit pot onto the filter.



Dust will remain in the grit pot provided the cyeclone is
not tilted more than 120° from vertical provided the
pump is still running.

Put the inlet/outlet plugs in the filter cassette and set
the sample aside. Be sure to maintain custody of all
samples at all times.

Secure the collected sample. Place adhesive tape or &
shrinkable cellulcse band over the two-piece cassette
assembly, covering the inlet and outlet plugs.

Ask the employee about activities and their duration
during the sampling period to see if they match earlier
predictions and if the employee classifies the day as
typical.

Quality Control

Prepare a "blank,” a filter-cassette assembly that is »

never exposed to field conditions, Remove the plugs
from a prepared filter assembly in the workplace
(sampling site} and immediately replace them. Seal
the blank filter assembly in the same manner as a
sampling filter assembly. Prepare one blank for each
day of sampling. Re sure the blank filters and the
filters on which the samples are collected come from
the same batch since the background dust count varies
from bateh to batch.

Post Sampling Procedure

If a respirable crystalline silica sample was collected,
each filter must be analyzed for quartz, and permis-
sible limits must be calculated for each personal
exposure, A minimum of 0,1 mg of respirable dust per
filter is necessary for accurate analysis. If the
presence of cristobalite or tridymite is suspected in
the sample, request analysis for erystalline quartz,
cristobalite, and tridymite.

Ship samples to an analytical laboratory for analysis,
Be sure collected samples are shipped in & container
designed to prevent damage during transit.

Sampling Dust in the Work Environment
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Errors in Respirable
Dust Sampling

Summary of Expected Errors

Percent

expected
Source of error error
Quartz analysis 11
Instrument variability 5
Weighing 5
Airflow rate &
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In minerals processing operations, compliance with the
silica dust standard is based on a 1-day, full-shift
respirable dust sample using a personal dust sampler.
The errors associated with measuring respirable silica
dust concentrations should be quantified, because the
law requires a degree of certainty that the standard
has been violated.

Described below are the errors associated with
sampling equipment and analytical methods, Human
errors are not considered here because they can be
minimized or eliminated by proper care, calibration,
end standard procedures.

There are four primary errors in respirable silica dust
sampling:

o Errors in Quartz Analysis — To establish TLV's,
the respirable dust sample is analyzed for quartz
content, MSHA Standard Method #4 requires a
precision of 11%,

¢ Errors Due to Instrument Variability — The vari-
ation between personal samplers can contribute
up to 5% of the overall error factor,

e Errors in Weighing — A maximum of 5% error is
allowable. ;

e Errors Due to Fluctuations in the Pump Flow Rate
— The generally accepted value for errors in
measuring airflow rate is 6%,

It is important for operators to recognize that dust
sampling is a careful analytical procedure. Care
should be taken to reduce errors.

The following formula for propagation of errors can be
applied to calculate the overall error factor:

E _ 2 2 2
overall _\/(El) + (Ez) ee.. * (En)
where:
Eoverall = error propagated by n individual er-
rors
En = the nth error



Substituting the error values from the table above:

~ 2 2 2 2
Everall _\/(11) + (57 + 657 + (6)
= 4%

This 14% error can be applied to the TLV's to
determine the concentration above which it can be
concluded that the respirable dust standard has been
violated.

MSHA metal and nonmetal policy requires that the
TLV be exceeded by 1.28 times for respirable and 1.10
times for total dust, before a citation is issued.

Sampling Dust in the Work Enuvironment
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Chapter 9

Testing Dust Control

Systems

Testing is necessary to evaluate the effectiveness of
dust control measures. In general, testing is
performed to—

o Determine if the system is operating as it was
designed to operate

e Evaluate the system's effectiveness in redueing
dust concentrations and employee exposure to
dust

Reason for Testing

Testing a dust collection system primarily involves
airflow measurement. It can provide data necessary
to—

e Evaluate whether the system is performing in
accordance with the design

e Set blast gates properly and adjust airflows
¢ Identify maintenance needs

e Determine the system's capacity for additional
exhaust hoods

¢ Design and operate future installations effec-
tively

Preceding page blank

Dust Collection System
Testing
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Test Procedure

Airflow Measurements
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Testing can be performed by obtaining airflow and
pressure measurements at selected locations in the
system., The following steps should be conducted:

e Obtain original design drawings and calculations
or prepare & sketch of the system to indicate size,
length, and relative location of all duets, fittings,
and associated hardware and system components.
Use the drawings as a guide in selecting airflow
measuring points and identifying incorrect
installation or poor design.

e Neasure the following:

- Air velocity and static pressure in each
branch and main

-  SBtatie and total pressure at the fan inlet and
outlet

- Differential pressure between the inlet and
outlet of the dust collector

e Analyze these measurements to find any changes
from the original designs, such as a change in
velocity in the branch or a change in the air
volume exhausted through the hood.

Common problems that can reduce the performance of
a dust collection system and their remedies are shown
in the troubleshooting chart on the following page.

Airflow inside the ductwork is usually not uniform;
therefore, it is necessary to obtain veloeity pressure
measurements at several points within the duct cross-
section. The following procedure should be used to
measure velocity pressure:

e Divide the duct cross-section into equal areas.
The suggested equal area grids for circular or
rectangular ducts are illuatrated.

e Obtain velocity pressure measurements at the
center of each of these areas.

e Convert the velocity pressure measurements into
air velocities using the following relationship:

V =4005 YVP



Testing Dust Control Systems
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Pitot Traverse Points
in a Circular Duct

Reprinted by permission from the Committee on
Industrial Ventilation, Lansing, MI, 18th Edition.

. . L] »

Pitot troverse pomls in o nectongulor duct,
Cantwrs of /16 kv 64 sqo! owos. Locotons
not more tan 67 apar?,

Pitot Traverse Points
in a Rectangular Duct

Reprinted by permission from the Committee on
Industrial Ventilation, Lansing, MI, 18th Edition.

Duct wall—dnll all holes 1718 or
less. Maintain inner surface of duct
smooth and flush

One hole rubber stopper, connecting
tube and rubber hose

Permanent top—1/8" tee with 18"
pipe plug. T-handle and cleaning wire
Equipwith 1/8" plug when not in use
Use 1B coupling 1f used for
permanent connection to U-tube,

1.8 petcockandcouphingwith3/16°
copper tube soldered to pet cock, Use
carefully when high pressures are
measuredtoprevent gauge liguid surge
on ecpening cack

Static Tap Connections

Reprinted by permission from the Committee on
Industrial Ventilation, Lansing, MI, 18th Edition.

Average the air velocities to obtain an average
velocity (ft/min).

Measure the inside duct diameter and calculate
the eross-sectional area (ft2),

Multiply the duet cross-sectional area and aver-
age veloeity to obtain airflow in cubic feet per
minute.

Points to Note:

The smaller the equal areas, the more accurate
the measurement.

An approved method for obtaining velocity pres-
sure is to make two traverses, at right angles to
each other, with a probe (such as a Pitot tube)
across the diameter of the duet.

Wherever possible, the traverses should be made
at 8 or more duct diameters away from any major
gir disturbances, such as an elbow, hood, or
branch entry,

Correction for air densities should be made when
air is at nonstanderd conditions. For example, it
is necessary to correct for air densities when—

-  Moisture content is greater than .02 1b/lb of
dry air

-  Temperature of the airstream varies more

than 30° F from the standard temperature

- Altitude is greater than 1,000 ft above mean
sea level

Dust in the air may affeet the instrument per-
formance.

Static pressure measurements are made either by
inserting a probe inside the ductwork or by holding a
piece of tubing tightly against a small statie pressure
opening in the side of the duect with its other end
connected to a pressure-measuring device. The char-
acteristics of the static pressure openings in the
ductwork are eritical in measuring static pressure.



Points to Note:

The static pressure openings should be—
-~ Flush with the inner surfaces of the duct wall
- Drilled and not punched

- Without burrs or projections on the inner
surface

Pressure measurements should not be taken at the
heel of an elbow or at other points where, due to
excessive turbulence or change in air velocity,
there is sudden expansion or contraction of
ductwork.

Commonly used flow-measuring instruments are sum-
marized in the table on-the following page.

Testing Dust Control Systems

Pitot tube

Transitian

8D 2D
—1D

[ D=D0uct diameter

” Transition

ldeal Location for
Pitot Tube Measurement

Testing of wet dust suppression systems should begin
with a study of the following:

Process flow diagram
Piping and instrumentation diagram

Specifications for each component of the system,
such as the pump, compressor, and nozzles

The system should be tested in the following sequence:

1.

Measure Water Flow — The flow rate of water per
transfer point should be checked to verify proper
operation, It is strongly recommended that direct
readout flowmeters, such as rotameters, be in-
stalled near the transfer point so the flow rate
can be checked quickly, If direct readout flow-
meters are not installed, a eircuit should be
installed in the main line as shown so the flow
rate can be measured easily with a portable
flowmeter,

Wet Dust Suppression
Test Procedure
Valve normally open, close
to make measurement
A\
—— S Y
L I D

/ Insert portable flow meter

Valves normalily clesed, open to make measurement

Illustration of Circuit
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If the water flow rate is not adequate, the follow-
ing steps should be conducted:

¢ Check pump for—
- FExcessive vibration, noise, and heat
-  Seal or packing glaﬁd leakage
- Discharge pressure

-  Adequate flow of mechanieal seal
flushing fluid

-  Lubricant supply to bearing housings

The troubleshooting chart on the following
page shows some common pump problems.
For additional information, refer to the pump
operations manual,

e Inspect piping for leakage at valves, tees,
elbows, and drains.

e Inspect the water line filter element for
excessive partiele buildup.

o Inspect nozzles and replace those with physi-
cal damage.

Measure Compressed Airflow (where applicable)
— The flow rate of air is more difficult to
measure since the direct readout instruments sare
often calibrated for a certain pressure. The flow
rate for different pressures can be calculated
using manufacturers’ charts, actual pressure, and
the flow rate at a calibrated pressure. If a
flowmeter is not installed in the air line, a ecircuit
as shown for testing water flow rate should be
installed.

If the compressed airflow and pressures are not
adequate, the following items should be checked:

° Check air compressor for—

-  Correct adjustment of upper and lower
pressure set points

- Fxecessive noise and vibration

- Leakage in the line

Testing Dust Control Systems
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- Proper lubrication

Refer to the operations manual for additional
troubleshooting of the air compressor,

o Inspect piping for leakage at valves, tees,
elbows, and drains.

e Drain the compressed air line filters.

e Replace depleted compressed air dryer ele-
ment.

3. Check unique components such as metering units,
foaming units, and electrostatic charge genera-
tors for proper operation.

4, During freezing weather conditions, check for
proper operation of heat tracing elements or
tapes and insulation to avoid freezing in pipes.

Testing Dust Control Svstems

After a dust control system is installed, it is essential
to evaluate the system's effectiveness in reducing dust
concentrations and associated employee exposure to
dust. A sampling plan must be developed before any
evaluation can be made.

Two primary types of samples are normally obtained:

® Process/source samples to measure airborne dust
concentrations due direetly to the source
emissions

e Ambient/background samples to measure the con-
tribution of other sources to dust levels

The selection of sampling locations is important
because of the large differences in dust levels that
may exist around a dust source. Many times, a change
in the sampling location can have a greater effect on
dust concentrations measured than the effect of
engineering controls being evaluated.

Evaluating Dust Control
Systems

Types of Samples

Sampling Locations
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Sampling Instrumentation
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Process or source samples should be located close to
the source to reduce the interference of other sources
in the vicinity., They may also be located near the
worker whose exposure is most directly affected by
the dust source,

Ambient/background samples should be located far
enough so as not to be affected by dust emissions from
the source, yet close enough to be representative of
dust levels generated by all other sources in the
vieinity.

Two sets of sampling instruments are commonly used—

e Instantaneous dust monitors, such as RAM-1, to
obtain real-time dust concentrations

e Gravimetric samplers to provide time-weighted
average dust concentration date and mineral
composition analysis

Instant dust monitors provide immediate dust
concentration information, They may not be com-
pared with the 8-hour time-weighted gravimetrie
samplers used for compliance monitoring; however,
they are useful for rapid identification of major dust
sources as well as rapid evaluation of dust control
measures,

Gravimetric dust samplers provide a time-weighted
average of dust concentration for the entire sampling
period, They do not provide the information required
to pinpoint sources of dust or determine how the
concentrations vary as a funetion of operating condi-
tions, Gravimetric dust sampler results should be used
with caution,

The three most common sampling approaches available
are—

1. Obtaining short-term samples with system "on"
and "off." :

2. Obtaining samples before and after installation of
a dust control system.

3. Obtaining samples to compare the effectiveness
of two different types of dust control systems.



Testing Dust Control Systems

Approaches 1 and 2 provide data to determine the
effectiveness of a newly installed dust control system.
In approach 1, the samples are obtained after the sys-
tem is installed; in approach 2, the samples are ob-
tained before and after the system is installed, Ap-
proach 3, commonly known as the A-B-A approach, is
useful when it is essential to compare the effective-
ness of two dust control systems during the same test
period. It involves a period of testing with system A,
followed immediately by an equivalent period of test-
ing with system B, followed immediately by veri-
fication of the performance of system A, The return
to system A provides an indication that changes ob-
served with system B were not due to other changes in
the process.

A data collection form should be developed to record Data Collection
all relevant information during field testing.

Strip chart recorders or more recent electronic data
logging units can be attached to the instantaneous dust
monitors to provide records and sound indications of
dust levels, Small, portable tape recorders are often
used, especially with instantaneous dust monitors, to
record the data, field observation, and any other
significant activity connected with the testing. When
tape recorders are used, the data should be transeribed
every day onto the appropriate data sheets, This will
facilitate review of the data on a daily basis and
prevent any future problems or omissions, It will also
provide a preliminary feel for the system's effec-
tiveness and indicate whether the testing program is
going as planned.

To evaluate a system's effectiveness in reducing dust Data Analysis
emissions, two methods are used to analyze the dust
concentration data:

ry
E

e The graphical method é
e The mathematical method 4
The graphical method, illustrated on the following E ‘
page, is & qualitative method. It provides a simple, ot v E m o w ww
yet effective, method to compare the dust concentra- = '
tion data with system "off" and system "on" and .
determines the magnitude of the system's effective- ABA Comparison of
ness in reducing dust concentrations, Dust Control Method
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Mathematical methods are used to quantify the
efficiency of system performance. Here, the system
"off" and system "on" dust concentration data are
compared and the system's efficiency is determined
using the following equation:

. C - C

noE ——C’f—(f:———@- x 100%
of f
where:
n = system's efficiency, in percent
C = system "off" dust concentrations
off 9 ’
mg/m

Con = system "on" dust concentrations,

mg/m3

If sampling is repeated for a number of times at the
same location, then the data should be treated statis-
tically for more detailed analysis. Information on
statistical approaches can be obtained through several
excellent reference books.
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Dust Reentrainment, 91

Dust Seal, 20, 27, 33

Dust Surveys, 168

Dust-Tight, 27, 32

212



Index

Elbows, 32, 46, 54-55, 59, 63
Electrostatiec, 67-69, 73, 97
Electrostatic Foreces, 68-69, 79
Electrostatic Precipitators, 68-69, 73, 97-99, 159, 164
Elevator, 27, 29, 33, 142-143, 150-153
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Erosion, 35, 77, 94
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Exhaust Hood, 45, 47, 49, 53-54

Exhaust Ventilation, 45
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Fan Speed, 107, 161
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Filter Cassette, 179-180, 182-183
Filter Collector, 32, 81

Fine Dust, 21, 35, 37, 40, 43, 49, 75, 115
Fine Particulates, 41, 79

Flange, 31, 53

Flow Diagram, 44

Flow Sensor, 72

Foam, 65-66

Fogs, 68-69
Forward-Curved-Blade, 104
Freeze, 45, 66, 71-72, 93, 195
Front-End Loaders, 169

G
Gas Viscosity, 97
Gasket, 20, 31-32
Grinding, 33, 43, 48
Grinding Mill, 17, 33
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H

Hammermill, 24-25, 124-125, 130-131, 138-139
Handling, 17

Haul Roads, 36

Head, 19-20, 31
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Holes, 29

Hood Entry Loss, 47

Hood Shape, 32
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Inspection Doors, 28, 170
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Labor, 159

Lead, 54

Level Controller, 72
Limestone, 38, 54

Liquid, 90

Liquids, 16

Loading, 17, 19, 30, 118-119
Loading Chute, 19

Loading Spout, 28

Local Hoods, 48

Maintenance, 15, 27, 43, 69, 71-72, 78, 81, 89, 96, 170
Maintenance Costs, 137, 162, 164

Make-Up Air, 173

Manometer, 192

Mine Safety and Health Act, 69, 177
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Minerals Processing Operations, 11, 13, 17-18, 24, 26, 33-34, 36-38, 44, 49, 74, 80
Mining, 11

Mixing Factor, 174

Moisture, 33, 66, 71, 77
Moisture Content, 26, 66, 69, 71
Monitoring, 72, 177

Motor Horsepower, 53, 56
Motors, 45, 104, 108-109
MSHA, 11-12, 14

Mueckshelves, 20

Multiclones, 75-78, 160
Multirating Tables, 106-107

Noise, 22, 108
Nozzles, 38-39, 41, 68, 70-71, 81
Nuisance Dust, 12, 73

Open Area, 37

Operating Costs, 44, 54, 86, 162
Operation, 17

Outlet, 33, 75, 77

Packed-Bed, 92
Packers, 38

Particle Shape, 14
Particle Size, 11, 14, 26
Pebble Mill, 33
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Pitot, 78, 190-191

Pitot Tube, 191-192

Planning, 43

Pneumatie Conveyor, 32
Pneumoconiosis, 14-15
Precleaners, 74

Pressure Losses, 52-54, 56-57
Pressure Surges, 20
Prevention, 15

Preventive Maintenance, 170 -
Produetivity, 15, 43

Propeller Fans, 105

Pulse-Jet Cleaning, 82

Pump, 68, 71-72, 161, 163, 181, 194

Quartz, 12, 14, 183
Quick Lime, 54

Radial-Blade, 104

Railroed Cars, 28, 32, 37-38, 121-123
Rate of Airflow, 49

Reecireulation, 12, 37, 82, 115, 173-175
Respirable Dust, 12, 14-15, 51, 180, 184
Reverse Air, 80-81

Reverse Jet, 80-82

Road Surface, 36

Roadways, 169

Rock Laddders, 23
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Rockbox, 22-23

Rod Mill, 33, 129, 147-149
Rotary Air Locks, 114
Rubber, 19-20, 25, 27, 33, 37

Sampling, 177-178, 181-184, 195-196
Sampling Pump, 179, 181-182
Screening, 26-27

Sereens, 17, 26-27, 33, 48, 66, 128-129, 134-135, 140-147, 150-151
Screw Conveyors, 17, 31-32, 152-153
Scrubbing, 91-92, 94, 160

Seal, 20, 27, 31-32, 77

Secondary Dust, 102

Secondary Sources, 167

Selection, 17

Settling, 51, 54

Settling Chambers, 74

Settling Pond, 115

Shaker Baghouses, 80

Shrouds, 17, 25, 37

Side Hoods, 48

Silica, 38, 41, 54

Silicosis, 14

Skirtboards, 19-20

Skirting, 19-20

Source, 16-17, 23, 28, 34, 39-40, 167, 172
Spillage, 21, 39-41, 167

Spray Angle, 70

Spray Nozzle, 68, 70

Static Pressure, 46, 52, 55, 191
Static Pressure Balance, 55
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Stockpile, 23, 28, 34-36, 45, 172
Stonebox, 22

Submiecron, 79

Surfactant, 64-66

System Resistance, 107

Tail, 20-21, 31

Taper, 54

Taxes, 159

Testing, 159, 187-188, 191
Threshold Limit Values (TLV's), 14
Time-Weighted Average, 179
Time-Weighted Concentrations, 14
Tipping Values, 114

TLV's, 179

Total Dust, 12-13

Total Pressure, 46

Transfer Points, 19, 49, 66, 68, 71
Transferring, 17

Transition, 54

Transpoert Veloeities, 54-55
Troubleshooting, 188-189, 194-195
Trucks, 28, 32, 37-38, 118-119, 169
Tube-Axial Fans, 105

TWA, 179

Unit Collecter, 73, 100-101
Utility Costs, 163
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Vacuum Cleaning, 32, 36, 171
Valve, 38-40, 71-72
Vane-Axial Fans, 105
Velocity, 46, 51, 53, 65, 68, 70
Velocity Pressure, 46-47, 52, 56, 65
Vena Contracts, 47
Ventilation, 16, 34, 44, 167
Venturi Scrubbers, 92
Visibility, 12

Voltage, 109

Volume, 45-46

Vortex, 75

Water, 16, 36, 66, 70

Water Flow Rate, 71-72, 193

Water Sprays, 15-16, 65-72

Wear, 22, 43, 54

Wet Dust Suppression, 15-16, 44, 64-65, 70-72, 191
Wet Serubbers, 73, 90-95

Wetting, 40, 64-65

Wind, 35, 37

Workplace, 13, 15, 48, 69, 73, 167, 178
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