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PREFACE

This standard was pr’t:zared by the Association’s Committee on Coal and Coke under
the direction of the Minerals Standards Committee as a revision of AS K181—1968
which it accordingly supersedes. It contains terms which are currently in use in coal
preparation in Australia and internationally.

This standard is bascd on AS K 181 —Glossary of Terms Used in Coal Preparation,

and the draft revision of 1SO 1213/ Part 1—Vocabulary of Terms Relating to Solid
Mineral Fuels, Part |—Terms Relating to Coal Preparation.
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AS 2418, Part 11980

STANDARDS ASSOCIATION OF AUSTRALIA

Australian Standard

GLOSSARY OF TERMS RELATING TO SOLID MINERAL FUELS

PART 1—TERMS RELATING TO COAL PREPARATION

Term
activator
activating agent
actual performance curve
actustor '

aeration
agglomeration
agitator

air classification
air compressor

air jig

air valve (jig)

amplitude

angle of reclaim

angle of repose

aperture (size)

apron feeder

ash error

ash, inherent

ash monitor

ash—relative density curve

ash, total

baffle
bag filter

ball mill

Explanstion .
A substance which when added to a pulp promotes flotation in the presence of #
collecting agent. '

A performance curve showing that results actually obtained from a coal preparation
treatment (see also performance curve),

The final item in a control system which adjusts the setting of the controlled variabie
in accordance with instructions received from the controller.

The introduction of air into the pulp in a flotation cell in order to form air bubbics
A process in which small particles are caused to adhere to one another.

A device used to bring about a continuous vigorous disturbance in a pulp, frequently
used to assist bubble formation.

The process of particle sizing in a current of air (see also classification).
A compressor, either rotary or reciprocating, used to produce air at a pressure suit-
able for specific operations in the coal preparation plant.

A machine in which the feed is stratified according to its reiative density by means of
pulsating currents of air and from which the stratified products are separately
removed.

The valve which controls the alternate admission and release of compressed air 1/
each cell of a jig.

The maximum displacement from the mean position in an oscillating motion. In th~
case of a screen with a straight line motion or elliptical motion, it is half of the tota:
movement or half of the major axis of the ellipse. In the case of a circular motion, it 1t
the radius of the circle (see also stroke).

The maximum angle between the surface of the material and the horizontal plar».

. formed as the material is being reclaimed. It is dependent on the conditions existing '

the time of measurement.

The maximum angle contained between the surface of a heap of loosely piled materia:
and the horizontal.

The dimension or dimensions defining the opening in the screening surface, usuall,
with a qualification as to the shape of aperture, ¢.g. ‘round-hole’, ‘square-mesh
‘long-slot’, ‘wedge-wire’.

See feeder (a).

The difference between the actual percentage ash of a product of a separation and tha*
shown by the washability curve (based on the reconstituted feed) corresponding to th%
actual yield obtained.

Ash derived from mineral matter intimately associated with coal and not readily
separable by physical processes.

A device which, either continuously or intermittently, indicates the percentage of ast:
in the feed or product of a coal preparation operation.

The curve obtained from the float and sink analysis by plotting the percentages of ass
in successive fractions against the mean relative density of the fraction.

The inorganic residue after the incineration of coal or coke to constant mass undes
standard conditions. In general, it differs in mass and composition from the originsi
mineral matter.

A device such as a steel plate, used 10 check, retard or divert the flow of materials
An apparatus for removing dust from dust-laden air, employing containers of closely
woven material which permit passage of air but retain solid particles.

A container, generally cylindrical, rotating on a horizontal axis and partly filled with
balls (¢.g. of steel) which, by their tumbling motion, reduce the feed into a finely
comminuted material.

See nodulizing and agglomeration.
See screen (a).

The pipe connection between the moisture trap and water seal in the vacuum arrange-
ment of a filter ins;;gllation. '
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barrel washer

basket centrifuge
bath
Baum jig

belt feeder
beit weigher
beneficiate
bin

bleed

blending
blower
boom loader
bowl centrifuge
breakage

i

breaking
briquetting

bucket wheel loader
bulk density

cells, flotation

centrate
centrifuge, basket

centrifuge, solid bowl

centrifuge, screen bowi
centrifuging
characteristic ash curve

check screen

chute

circulating medium
circulating water
clarification

clarifier
classification

classifier

classifying cyclone
clean coal
cleaned coal

A washer comprising a cylinder rotating slowly about an axis which is slightly
inclined to the horizontal and into which the raw coal, with a current of water orof a
suspension, is fed near its upper end. The clean coal is carried by the water or
suspension to the lower end of the cylinder over a scroll which conveys the reject to
the upper end of the cylinder.

See centrifuge, basket.

A vessel containing a medium used to separate coal by the float and sink method.
A jig in which the pulsating motion of the water is produced by the intermittent
admission of compressed air (see also, air jig).

See feeder (b).

Apparatus used 1o quantify the mass flow of a material on a belt conveyor.

To increase the commercial value of a coal by appropriate treatment.

A vessel used for the storage of materials, the Jowermost pomon of which is usually
constructed in the form of a hopper.

Portion of total flow removed from a circuit ¢ither to balance thc circuit or to treat
that portion elsewhere.

Mixing in predetermined and controlled quantities to give a uniform feed or product.

See air compressor.

See loading boom.

See centrifuge, solid bowl and centrifuge, screen bowl.

(a) Voluntary or involuntary size reduction of a solid.

(b) Small material produced by involuntary breakage during mechanical handling
or processing.

Reduction in the maximum top size of large particles (¢.g. as in run-of-mine coal).

The moulding of small or fine coal (with or without the admixture of a binder)intoa

uniform product of predetermined size and shape by the application of pressure.

See loader, bucket wheel.

The ratio of the mass of & collection of discrete particles to the volume which it
occupies,

Coal preparation equipment in which froth flotation operations are carried out. They

may be the following:

(&) Primary cells (rougher cells)—a group of flotation cells in which the raw feed is
given n‘e%reliminary treatment, either or both of the products being subsequently
re-trea

(b) Cleaner (recieaner) celb—secondary cells for the retreatment of the concentrate
from primary cells.

(c) Scavenger cells —secondary cells for the retreatment of tailings.

The liquid in a slurry which is scparated from the solid material by use of a centrifuge.

A device for de-watering in which wet coal is held by centrifugal force against 3

surface which permits the outward passage of water and retains the coal, which is

discharged mechanically.

A device for de-watennﬁm which the retaining surface is solid. The retained particles
are collected by a scroll and discharged from onc end of the machine. The water
overflows from the opposite end.

A de-watering device combining in one machine a bowl and a basket centrifuge.
De-watering with the aid of centrifugal force.

The curve obtained from the results of a float and sink ana J'sas showing, for any yield
of floats (or sinks), the percentage of ash of the highest density (or lowest density)
fraction reporting to these floats (or sinks), the yield being plotted on the ordinate
(vertical axis) and the percentage of ash on the abscissa (honzontal axis).

See screen (h).

An inclined trough used for the transportation of materials by gravity.
Medium in circulation in a dense medium process.

The water in the water circuit (see water circuit).

The concentration and removal of solids from water in order to reduce the suspended
solids t0 a minimum.

See rake thickener.

The separation of particles according to their particle size, and/or density and/or
shape (see also screening).

A device which separates particles, according to their particle size, and/or shape
and/or density.

See cyclone (c).
The coal product from a clumng process (wet or dry).
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cleaning

closed circuit

closed joop control
coal cleaning
coal preparation

coal preparation plant

collector '
collecting agent

comminution

concentrate, clean cosl
concentrating table

conditioner
conditioning

contact angle

control size
control system

controller

correctly placed material

crusher
crushing
cumulstive curve

cumulative floats curve
cumulative sinks curve

cut-point
cyclone

AS 2418, Part 1—1980

(a) Dry—the separation of impuritics from coal by methods not requiring the use of
liquids or suspensions.

(b) Wet—the separation of impurities from coal by methods involving the use of
liquids or suspensions.

(a) A water circuit designed so that the only water added is that necessary to replace
the loss in the products and that due to atmospheric evaporation.

(b) A system of crushing or grinding in which oversize material is separated and
recycled.

See loop control.

The treatment of coal to produce a product having a lower mineral matter content,

Collectively, physical, mechanical and/or chemical processes applied to coal to make

it suitable for a particular use.

A plant in which a coal preparation process is carried out.

t? ;Ie;gent added to a pulp to promote adherence between coal particles and air

ubbles.

The processes of particle size reduction. .

The cleaned product from a beneficiation process, ¢.g. {roth {lotation.

A device consisting of an inclined riffled deck, to which a differential reciprocating

motion is imparted in a substantially horizontal direction; the matenal to be

separated is fed in a stream of water, the heavy particles collect between the riffles and

are then conveyed in the direction of the reciprocating motion while the lighter

articles are borne by the current of water over the riffles to be discharged laterally

rom the table.

An apparatus in which conditioning takes place.

The preparatory stage in the flotation process in which the reagents are brought into

intimate contact with the solids of the pulp.

The angle between the tangent to the interface and the tangent to the solid surface

at any point along the line of contact of the interface between two fluids and a solid;

usually measured inside the water phase where water is involved. Maximum and

minimum values measured under static conditions, termed ‘advancing’ and ‘receding’

contact angles respectively, are usually qualified by stating the phase in which the

angle is measured (e.g. oil-advancing contact angle).

A single particle size chosen to test the accuracy of a sizing operation.

An arrangement of measuring devices, controllers and actuators organized and

adjusted to control a process in a specified manner.

An instrument usually comprising—

(a) a comparator unit for comparing 8 measured variable and the desired value ina
coatrol loop; and

(b) the controller itself, which in response to signals from the comparator unit, acts
in a direction tending to maintain the desired value.

Material correctly included in the products of a sizing or density separation, e.g.:

(a) In cleaning—material of relative density lower than the separation density which
has been included in the low density product, or material of relative density higher
than the separation density which has been included in the high density product.

(b) In sizing—undersize contained in the undersize stream or oversize contained in
the oversize stream of a sizing operation.

(See aiso total of correctly placed material).
Machinery for the reduction of material into relatively coarse particles.
Particle size reduction by compressive forces.

Any curve expressing the results of combining successive relative density fractions or
size fractions. -

The curve obtained from the results of a float and sink analysis by plotting the’

cumulative yield of floats at each relative density against the mean percentage of ash
of the total floats at that density.
The curve obtained from the results of a float and sink analysis by piotting the
cumulative yield of sinks at each relative density against the mean percentage of ash
of the total sinks at that .density.

See scparation density, or separation size.

A vessel consisting of cylindrical and/or conical sections for separating particles,

suspended in liquid or gas, by means of centrifugal force imparted by tangential

injection of feed. There are five types of cyciones, as follows:

(a) Hydrocyclone—a cyclone for separating materials suspended in water.

(b) Dense medium cyclone (heavy medium cyclone)—a cyclone for separating
materials, suspended'in & dense medium, whereby the Farticles of higher relative
density collect at, and are discharged from, the apex of the vessel, while those of
lower relative density are eliminated with the bulk of the dense medium at the
overflow orifice,
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de-dusting
deep cone thickener

degradation
demagnetize

dense liquid

dense medium

dense medium cyclone
dense medium process

dense medium recovery

dense medium separator

density control device

depressant

design capacity
designated size
desliming

desliming cyclone
desliming screen
de-watering
dewatering cyclone

diaphragm type jig
dilute medium

disc filter

discard
disintegration

dispersion

distribution coefficient

distribution curve
distributor

drag tank

draining
dressing water

(¢). Classifying cyclone (cyclone classifier, desliming cyclone )—a hydrocyclone for the
treatment of fines whereby the coarser particles collect at, and are discharged from,
the apex of the vessel, while the finer particles are eliminated with the bulk of the
water at the overflow orifice.

(d) Thickening cyclone (dewatering cyclone)—a classifying cyclone adjusted so thata
thickened suspension of the feed solids is discharged at the apex while the buik of
the water is eliminated at the overflow. orifice.

(¢) Water washing cyclone (water only cyclone)—a hydrocyclone whereby the
particles of higher relative density collect at, and are discharged from, the apex of
the vessel, while those of lower relative density are eliminated with the bulk of the
water at the overflow orifice,

Fines removal by dry methods.

A thickener with an acutely angled conical base designed to discharge an underflow of
high pulp density (see also rake thickener). -

Involuntary breakage incidental to handling, cleaning and storage.

T?J_:romote_ dispersion, by means of a suitable magnetic field, of solids in a dense
medium which have been flocculated mngn_eticnlly.

A homogeneous liquid or solution of density greater than that of water which can be
used in industry or in the laboratory to divide coal into two fractions of different
relative densities. .

A fluid formed by the artificial suspension in water of fine particles of high relative
density (e.g. magnetite, barytes, shale), which can be used in industry or in the
laboratory to divide coal into fractions of different relative densities.

See cyclone (b),

A process for the cleaning of coal, in which the desired separation is effected in a dense
medium.

The collection, for re-use, of medium solids from dilute medium, usually understood
to include the removal, in whole or in part, of contaminating fine coal and clay.

A device for the cleaning of coal, in which the desired segnnu'or_l is effected using a
dense medium process. The separation may be effected by gravity or by the use of
centrifugal force. :

An automatic device to control the density of the medium in or entering the dense
medium separator.

In froth flotation, a substance which when added to a pulp prevents a particular
component from floating.

See operational capacities.

. The particle size at which it is desired to separate a feed by a sizing operation.

The removal of slimes from coal or a mixture of coal and water, however accomplished.

See cyclone (c).

See screen (b).

The removal of water from wet materials by means other than evaporation.

See cyclone (d)-

A jig in which the pulsating motion is produced by the reciprocating movement of a
diaphragm.

Medium of density below that in the dense medium scparator, usuaily occurring as a
result of spraying the products for the removal of adhering medium solids.

A vacuum type filter in which the filtering medium is supported on discs caused to
rotate in a vertical plane through the puip to be de-watered.

The material extracted from the raw coal and finally discarded (see also reject).
The ghy;ial breakdown of material, usuaily shale, as a result of immersion in water or
weathering.

(a) A suspension of discrete particles in a fluid.

(b) The creation of a suspension of discrete particles in a fluid.

See partition coefficient. .

See partition curve,

Af cha:’n;ber to receive and distribute pulp in any desired proportions through a number
of outlets.

A tank, forming part of the water circuit, in which slurry or small coal settles and is
removed continuously by means of & scraper chain or scraper buckets.

The removal of water or other medium from a product, mainly by gravity.
Secondary water used on concentrating tables.
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drum fiiter

dry cleaning
dry cleaning table

drying
dry screening
dust collector

dust extraction
dust proofing

dust suppression

ecart probabie moyen (Epm)
effective area of a screen

effective screen aperture

effective screening area
efficiency of sizing or screening

effluent
electrostatic precipitator

CeITOr area
eITor curve
tromp curve

equal errors cut-point
wolf cut-point

equal errors size

equipment flowsheet

false middlings

feed

feed box
head box

feeder

feldspar type jig
filter belt press

filter cake
fliter cloth
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A vacuum t‘y;pe.mtcr 1n which the filtering medium is supported on drums caused to
rotate on a horizontal axis through the pulp to be de-watered.

See cleaning.
An apparatus in which dry cleaning is achieved by the application of air currents and

-agitation to a layer of feed of controlled depth on the table surface.

The removal of moisture, mainly by evaporation.
See screening.

An apparatus for separating solid particles from air or gas and accumulating them ina
form convenient for handling.

The removal of solid particles suspended in gas or ambient air.

Containment and sealing of equipment or free space such that dust may neither enter
nor escape.

The prevention or reduction of the dispersion of dust into the air, ¢.g. by water sprays
or surface treatment chemicals.

See probable error.

The total area of the screen deck exposed to the flow of the miterial feed, less any area
occupied by fixings or supports which obstruct the passage of material over or through
the screen deck. ' '

The cut-point (equal errors or partition size) at which the particie sizing operation
separates the material tested into two size fractions.

The open area of 8 screen expressed as a percentage of the nominal area.

The mass of matenial correctly placed above or below the reference size, expressed as a
percentage of the mass of corresponding material in the feed. '

Liquid waste product, which may contain suspended solids.

An apparatus for removing dust from dust-laden air, employing the principle of
clectrostatic precipitation.

A partition curve drawn to defined conveational scales with the portion showing
recoveries over 50 percent reversed to enclose an error area.

The density at which equal portions of the feed material are wrongly placed in each of
two products of a relative density separation.

The scgunion size at which equal portions of the feed material are wrongly placed in
each of two products of a sizing operation.

See flowsheet.

Companatively high ash particles consisting of interbanded coal and non-coal material

from which the coal may be liberated by crushing.

Material for treatment supplied to an appliance or plant.

A device for distributing a suspension of solids in water to a machine, or for retarding

the rate of flow.

A mechanical device for controlling the rate of supply of feed. It may be one of the

following types:

(8) Apron feeder—a feeder in which the material is carried on a steel plate conveyor
and in which the rate of feed is adjusted either by varying the depth of material or
the speed of the conveyor, or both.

(b) Belt feeder—a conveyor for withdrawing solid materials from a hopper or bin and
usually supplied with a variable speed drive to enable variable rate discharge.

(¢) Reciprocating feeder—a feeder in which the material is carried on a piate subjected
to a reciprocating motion and so constructed that when the plate moves in the
reverse direction the material remains stationary. The rate of feed is normally
varied by adjusting the stroke of the reciprocating piate.

(d) Screw feeder—a feeder consisting of a helical-shaped rotating unit either partly or
totally enclosed.

(¢) Star feeder—a rotating feeder cousisting of a horizontal shaft fitted with radial
blades nmxlting within a close-fitting cylindrical chamber provided with an inlet
and an outlet.

(f) Vibratory feeder—a feeder consisting of an open-ended tray actuated by a
vibration unit, the rate of feed being coantrolled by varying the amplitude and/or
frequency of the vibrations,

A jig to clean coal where the pulsating water is made to pass through a hycr o graded
material, e.g. feldspar, situated on top of the screenplate (see also air jig).

A form of pressure filter in which the material being de-watered is supported on a
porous belt and pressure is induced to aid water removal from the filter cake,

The solids product from a filtration process.
The fabric used as a medium for filtration, e.g. nylon cloth, blanket cloth, finely woven
non-corrosive wire mesh, finely woven glass thread (see also disc filter, drum filter).
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filter press
fliter tank

filtrate
filtration

fines
finger planimeter

fixed screen
float

float and sink analysis

floats

flocs
“flocculant
flocculating agent
flocculation

flood box

flotation

flotation cell
flotation concentrate
flotation tailings
flowsheet

flushing water
freeze-proofing

froth breaker
froth flotation

froth paddie
frother
frothing agent

graded coal
sized coal
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A form-of ‘pmsure filter, non-continuous in operation, used in coal preparation for the
removal of water from slurries, tailings and similar products.

A tank containing the pulp to be filtered, gencrally fitted with an agitator to maintain
the solids in the pulp in suspension and in which the drum or disc of a rotary vacuum
filter is partially immersed.

The liquid product from a filtration process.
A process for separating solids from liquids by allowing the liquid to pass through a

_finely woven cloth or gauze which retains the solids, generally using a pressure
- differential to accelerate the separation. .

Coal with a maximum particle size normally less than 0.5 mm, and with no lower limit.
The upper limit may vary widely. To avoid confusion, the term should always be
qualified by stating the limiting size.

A flow rate indicator for determining volumetric rate of flow of a solid-particulate
material, in which a series of flexibie steel fingers mounted on 2 common frame is
situated above a conveyor beit s0 that the fingers rest on the belt surface.

See screen (c).

That part of an automatic refuse extractor which is used to indicate variations in the
layer of heavy material on the screenplate.

The division of a sample into relative density fractions with defined limits, the
proportions of the fractions being expressed as mass percentages of the total sample,
commonly with an indication of the ash percentage (and other characteristics, if
required) of. each fraction.

Fractions with a defined upper limit of relative density defined by the symbol ‘F,
followed by the numerical value of the upper relative density; e.g. ‘F 1.40° describes the
floats fraction containing all particles having relative densities less than 1.40.

Aggregates resulting from flocculation.

A polymeric na?ent added to a dispersion of solids in a liquid 1o bring together the
fine particles to form flocs.

The formation of aggregates from particles dispersed in a liquid by addition of a
flocculant.

(a) Open—a water overflow box mounted on screens over which the water falls as a
solid curtain across the screen.

(b) Pressurized—a closed slotted box into which water is pumped giving a curtain
spray across the screen.

See froth flotation.

See cells.

The clean product recovered in froth flotation.

The reject from froth flotation cells.

A diagram indicating the method of treating the raw coal in a preparation plant by

showing in correct sequence the chief units of plant, the principal operations and

(no y) the quantities at each stage. The various types of flowsheet are as follows:

(8) Equipment flowsheet—a flowsheet indicating, preferably with symbols, the units
of plant used in the various operational steps carried out within a coal preparation
plant.

~(b) Liquids flowsheet—a flowsheet indicating the flow of liquids throughout a series

of operations.
(c) Materials flowsheet (capacity flowsheet)—a flowsheet indicating the quantitative

flow of solid materials at designated points in a coal preparation piant.

(d) Process flowsheet—a flowsheet indicating the main operational stem within a coal
reparation plant, the movement of the various materials between the steps and the
inal products obtained, and often also the average mass flow at various points in

the plant.

(¢) Weighted flowsheet (capacity flowsheet)—a materials flowsheet used in the design
of a plant, including statements of the maximum mass flow per hour at principal
points in the plant. The total mass flow of products from an operation is usually
greater than the mass flow of the feed to that operation.

Water used to assist the flow of materials in a chute or launder.

A surface treatment, as with' calcium chloride solution, to prevent or reduce cohesion
of coal particles by ice formation during freezing weather.

A device to reduce the volume of froth flotation concentrates by de-aeration.

A process for cleaning fine coal in which the coal particles, with the aid of reagents,
become attached to air bubbles in an aqueous medium and are removed in a {roth.

A moving biade to remove froth from the lip of a flotation cell.
A reagent used to control the size and stability of the air bubbles in the flotation process.

Coal screened between specified particle size limits.
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grindability

grinding
grizzly

guard screen

hand cleaning
hand picking

head box

head tank

heavy medium
heavy medium cyclone
homogenization .

hopper

hutch

hydrocyclone

idlers
impact box
imperfection (/)

inherent ash
instantaneous ash curve
interbanded

jaw crusher

jis

Jigging
jigging screen

launder
sluice

launder washer

liberation (of intergrown
constituents)

liquids flowsheet

loader, bucket wheel
bucket wheel loader

loading boom
boom loader

loop control

low grade coal

M<urve
magnetics

magnetic separator

AS 2418, Part 1—1980

A measure of the relative ease of grinding a sample under standard conditions (see
AS 1038, Part 20).
Particle size reduction by impact and attrition.

A rugged screen for rough sizing at comparatively large size (c.g. 150 mm). It can
compnse fixed or moving bars, discs, or shaped tumblers or rollers (see screen (a)).
See screen (h).

The removal by hand of impurities from coal.

See feed box.

Any tank or vessel in the fluid circuit which is used to control the delivery pressure of
the fluid to the washing units.

See dense medium.

See cyclone(b). :

The thorough mixing of a material to obtain a product of relatively constant
characteristics. :

A vessel into which materials are fed, usually constructed in the form of an inverted
pyramid or cone terminating in an.opening through which the materials are discharged
(not primarily intended for storage).

The part of a jig situated below the screenplate in which the controlled pulsating
movement of the water takes piace.

See cyclone(a).

In a conveyor, rollers for supporting a conveyor belit.
A container interposed at impact points in the flow of material to resist wear.
probable error

The ratio: — -
partition density -1

See ash, inherent.

See characteristic ash curve.

Of coal and mineral matter—associated in random horizontal layers, usually with a

natural cleavage.

A machine for reducing the particle size of materials by impact or crushing between a
fixed plate and an oscillating plate.

A machine in which the feed is stratified in air. or water by means of a pulsating motion
and from which the stratified products are separately removed (see also air jig, baum jig,
feldspar type jig).

The operation of a jig.

See screen.

A trough along which liquids or a mixture of liquids and solids flow.

A washer applying the principle of stream classification in troughs.
Particle size reduction to free the constituent materials.

See flowsheet.

A device consisting of a series of buckets mounted on a large wheel which is revolved
in a vertical plane. The buckets successively are caused to dig into stockpiled material
at the bottom of the rotating cycle and discharge to a chute and conveyor at the top of
the cycle.

A hinged portion of a conveyor which is designed to receive materials at a fixed level
and 1o discharge them at varying levels; usually employed for loading coal into wagons.
A form of parameter control of which there are two types, viz:

(a) Open loop—in open loop control a variable parameter is measured and some
control action is taken to maintain a final parameter at some fixed or desired value.
No measure of the final parameter is taken if variations from the desired value
occur.

(b) Closed loop—in closed loop control the final parameter is measured, and this
value is compared with the desired value, and a control signal fed back to adjust one
or more input variables.

Coal which has only limited uses owing to undesirable characteristics (e.g. high mineral

matter content).

See Mayer curve.

That portion of the dense medium solids which has a high magnetic susceptibility and
is therefore readily recovered by magnetic means.

For medium solids recovery from dilute medium—a device in which medium solids
are caused to adhere, by magnetic means, to a conveying belt or drum, while a current
of water removes non-magnetic particles which contaminate the medium.
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make-up medium

make-up water
materials flowsheet
maximum top size

Mayer curve
M-curve

mean size

mechanical maximum eapacity
medium

medium draining screen
medium recovery screen
medium solids

medium solids preparation
_medium solids recovery plant

metering box
metering pump
middlings

middlings elevator

misplaced material

moisture in air-dried coal

moisture, total

moving sieve jig

multi-deck screen

near gravity material

near sized material
near mesh material

nodulizing
agglomeration

nominal area (of a screen)
nominal plant capacity

nominal screen aperture
nominal screening size
nominal size

limiting size
nominal top size

non-magnetics

Medium or medium solids added to the circuit to replace loss during the operation of
dense medium cleaning processes.

Water supplied to a washery to replace that lost from the circuit.

See flowsheet.

The minimum size of the aperture (square unless stated otherwise) through which all
the material will pass. _

A cumulative curve used in the first instance to express the washability of coal, plotted
on a vectorial diagram in which the projection of the vector on the abscissa (honzontal

© axis) represents the percentage of the product (coal) and the direction of the vector

represents the percentage of & particular constituent of the product.

The average Panicle size of any sample, batch or consignment of particulate material.
A number of methods for caiculating mean particle size have been proposed givin
results which va? widely for the same particle size distribution. The method o
calculation should always be stated whenever the term is used.

See operational capacities.

See dense medium.

See screen (e).

See screen (f).

The solid component of a suspension in water.

Any treatment of the raw dense medium solids to make them suitable for use.

The equipmient used to remove adherent medium solids from a product from a-dense
medium separator (after drainage of surplus medium), usually by spraying, and to
remove contaminating coal and clay from these medium solids.

A container, in single or multiple portions, with weir or weirs to provide a controlled
addition of onc or more reagents.

A variable, positive displacement pump used to control the addition of reagents to a
washery circuit.

A product of coal preparation which, by reason of its mineral matter content, is
intermediate between clean coal and discard.

An o;levntor which removes material for further treatment or for disposal as an inferior
product. :

(a) In cleaning—material of relative density lower than the separation density which
has been included in the high density product, or material of relative density higher
than the separation density which has been included in the low density product.

(b) In sizing—undersize contained in the oversize stream, or oversize contained in the
undersize stream, of a sizing operation.

(a) The moisture in the coal sample after it has attained equilibrium with the air to

which it is exposed.
(b) Moisture retained after air-drying under defined conditions.
(a) The moisture in the coal as sampled, and removabie under standardized conditions.
(b) Free moisture, plus moisture in air-dried coal, expressed as percentages of the
sample as received.
A jig in which the screenplate supporting the bed of material under treatment is moved
up and down in water. '
See icreen (8).

Material with a relative density lying between limits, usually 0.05, on either side of the
cut point.

Material approximating in size to the aperture in the screening surface, usually within
+ 25 percent of the aperture of scparation.

The forming of agglomerates by the application of a gyratory, rotary or oscillatory
motion to fine coal, without the use of pressure.

The total area of the screen deck exposed to the flow of the material feed.

A nominated figure used in the title of a flowsheet and in the general descriptions of a
plant as a whole or for specific unit operations to indicate capacity, usuaily expressed
1n tonnes per hour. '

A norinated aperture size used to designate the result of a sizing operation.

A designated size at which it is intended to divide a feed by a screening operation.
The limit or limits of particle size used to describe a product of a sizing operation.

The size of the aperture (square unless stated otherwise) through which at least 95
percent of the material passes.

That portion of the dense medium solids which hasa low magnetic susceptibility. These
solids are usually of lower relative density than the magnetics and are classed as
contaminants.
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open circuit

open flood box

open loop control

open screening area

operational capacities
plant capacities
process capacity

organic cfficiency
over-dense medium

oversize

oversize control screen
oversize in undersize stream

paddle mixer

particle size analysis

particle size distribution curve
PS distribution curve

partition coefTicient
distribution coefficient

partition curve

partition density
(dp ds0)
partition factor

partition size (S s)

peak design capacity
percentage open area

percentage recovery
performance curve

phase inversion
pick breaker

picking belt
picking table

pilot plant

pit water
mine water

plant capacitics

AS 18, Part 11980

(8) A water circuit so designed that water is required in excess of that necessary to
replace losses in product and by evaporation due to a loss by free discharge or
secpage.

(b) A system of crushing or grinding in which oversize material is not recycled.

See flood box.

See loop control.

See effective screening area.

Figures given on the flowsheets to indicate quantities passing various points in the piant

per unit time, taking account of fluctuations in the rate of supply and composition (as
to size and content of impurity), as follows:

() Design capacity—the rate of feed, defined by limits expressing the extent and
duration of load variations, at which specific items of plant subject to a perform-
ance guarantee must operate continuously and give the guaranteed results on a
particular quality of feed.

() Peak design capacity—a rate of feed in excess of the design capacity which specific
items of plant will accept for short periods without fulfilling the performance
guarantees given in respect of them.

(¢) Mechanical maximum capacit y—the highest rate of feed at which specific items of
equipment, not subject to performance guarantees, will function on the type and
quality of feed for which they are supplied.

See recovery efficiency.

Medium of density above that in the dense medium separator, usuaily produced in the
medium solids recovery system and used to maintain the desired density in the
separator.

(a) That portion of the mass of material having a particle size greater than a nominated
size.

(b) Material in a product having a particle size greater than the separating size.
See screen (h).

Particles in an undersize stream which are larger than the nominal dimension of the size
of separation.

A horizontal trough conveyor having two non-continuous sxinls which form paddles;
the shafts are contrarotating and the spirals opposite han

The division of a sample into particle size fractions with defined limits, the proportions
of the fractions being expressed as percentages of the total sample (.. mass percentage
or number percentage).

A graphical representation of the size anﬂwh of a mixture of particles of various sizes,
using an ordinary, logarithmic or other scale. .

The percentage of a density (or size) fraction recovered in one of the products ofa
separation (e.g. the reject).-

A curve indicating for each dcnsit'y (or size) fraction the percentage of it which is
contained in one of the products of the separation (e.g. the reject).

The separation density corresponding to a partition coefficient of 50 percent, deter-
mined from a partition curve (see also separation density).

See partition coefficient.

The separation size corresponding to a partition coefficient of 50 percent determined
from a partition curve (see also separation size). ’

See operational capacities.

The ratio of the total area of the apertures to the total area of the screening medium,
e.g. woven wire cloth.

The amount of a certain constituent in the product expressed as a percentage of that
constituent in the feed,

Any curve used to show the relation between properties of coal and resuits of a specific
treatment.

Repiacement of the film of water covering a coal particle by a film of oil.
A machine for breaking coal by the splitting action of mechanically operated picks.

A continuous conveyor (e.g. in the form of a rubber beit or of a steel apron, steel plate
or link construction) on which raw coal is spread so that selected ingredients may be
removed manually.

A plant of limited capacity but duplicating the operations of a proposed plant so that
effectiveness of the designed process may be determined.

Water from mine workings.

See operstional capacities.
Surplus water discharged from a coal preparation plant, usually to waste.

A jig in which the pulsating motion is produced by the reciprocating movement of a
plunger or piston.
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AS 2418, Part 11980
pre-coat

pressure filter
pressurized flood box
primary cells

primary reject elevator

primary screen
probability screening

probable error
ecart probable moyen (Epm)

probable performance curve
process flowsheet
pulp

pulp density
percent mass solids

pump sump

push water

rake thickener

raw coal

raw feed coal
reagent
reciprocating feeder
recirculation

reclaimer
reconstituted feed

recovery

recovery efficiency

recuperator
reduction ratio
reference size

refuse discharge pipes
refuse extraction chamber
refuse extractor

refuse rotor
star wheel rotor

refuse worm

regenerated dense medium
recovered dense medium

refuse

reject elevitor
refuse elevator

re ate
discﬁuge shutter
reiative density

relative density curve

1393

A permeable layer covering the medium in a filtering machine to improve clarification
of the filtrate.

A filter in which pressure is applied to induce flow of fluid through the filter medium.
See flood box.

See cells,

A refuse clevator which extracts the first or heavier reject; often situated at the feed end
of the jig.

See screen (j).

A method of screening which by making extended use of the probability of a particle
rming through an aperture allows sizing at fine sizes to be performed with relatively
arge apertures.

One half of the difference between the densities corresponding to the 75 percent and
25 percent partition coefficients as obtained from the partition curve.

A performance curve showing the expected results of a coal preparation treatment.
See flowsheet (d).

A mixture of solid particles and water.

The percentage, by mass, of the solids in a pulp. May also be designated as the density
of the suspension.

A tank into which' the circulating water or pulp gravitates and from which it is
discharged by means of a pump.

See flushing water and top water.

Equipment for thickening in which the suspended solids settle in a container of circular
section and are delivered mechanically to-one or more discharge points by a series of
arms revolving slowly around a central shaft. Water overflows at the periphery.
Coal which has received no preparation other than possible screening or preliminary
crushing.

Coal supplied to a plant or machine, in which it undergoes some form of preparation.
Any chemical substance added to the washery circuit for some specific purpose.

- See feeder (c).

The operation in which the whole or part of a product from a process is returned to the
feed for the process, ¢e.g. the return of the crushed overflow from a screen to the screen

feed for rescreening.
A unit or machine to recover material from a stockpile (see also loader, bucket wheel).

The composition (e.g. relating to size or density) of the feed toa preparation plant (or
to a component part) calculated by combining the properties of the products obtained
in the appropriate mass proportions, in contrast to the analysis of the actual feed.

The mass of a specified material obtained as a product from any operation, expressed
as a percentage of the feed material on the same moisture basis.

The ratio (normally expressed as a percentage) between the actual yield of a desired
product and the theoretically possible yield (based on the reconstituted feed), both
actual and theoretical products having the same percentage of ash.

A magnetic drum used for magnetite recovery (see magnetic separator).
The ratio of particle size of the feed to particle size of product in a crushing operation.

The separation size, designated particle size, or control size used to define size analysis
of the products of a sizing operation (see aiso separation size).

Pipes used on some jigs instead of a refuse worm.
That part of the jig into which the refuse extractor discharges.

A device used in a jig to remove the reject from the compartments of a jig, operated
manually or automatically.

A reject gate in the form of a rotary (or star) vaive.

A screw conveyor fitted at the bottom of some jigs to collect the fine reject which has
passed through the apertures in the screen plate.

Medium obtained from the medium recovery system and separated (wholly or partly)
from contaminating impurities.
The material extracted from the feed during cleaning, for retreatment or discard.

An elevator for removing and draining the rcjeci from a washing appliance.

The mechanism of the refuse extractor which may be manually or automatically
operated to control the rate of removal of reject from the jig.

The ratio between the mass of a unit volume of a material and an equal volume of water,
each measured under standard conditions.

Any curve obtained from the results of a float and sink analysis by plotting the
cumulative percent mass of floats or sinks against the relative density.
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release analysis
relieving deck

residence time
resonance screen
re-wash (verb)
re-wash (noun)

riffies (table)

rigid hammer crusher

rinsing screen
rinsing water
rod deck

roll crusher

roll screen
rotary air vaive

rotary breaker
Bradford breaker

rougher cells

run-of-mine coal
ROM coal

run-of-mine screen

sample

scavenger cells

AS 2418, Part 11980

A procedure employed in the laboratory to determine the best results possible in
cleaning a coal by froth flotation.

A screenplate with large apertures mounted over the screen deck in order to reduce the
load and wear theron.

The mean time for which & unit of matenal is within a vessel or process.
See screen (k). .

To re-treat a product in the same or in another cleaning process.

The product {rom one cleaning process to be re-treated in another.

The raised portions of the deck of a concentrating table.

A machine in which size reduction is effected by elements rigidly fixed to a rotating
horizontal shaft mounted in a surrounding casing.

See screen (1).

Water used to remove fine particles from larger size particles.

A screening surface consisting of loosely held parallel rods positioned at right angles to
the flow of material over the screen. Normally used only on high speed vibrating
screens.

A machine in which size reduction is effected by causing the material to pass between
a rotating roller, generally toothed, and a fixed or spring-loaded plate, or between two
or more rollers.

See screen (m).

A jig air valve which rotates on a central axis.

A rotating perforated steel drum through which passes matenial of the required size.
The oversize material is lifted by flights inside the drum and allowed to fall back so that

friable materials break by impact and pass through the perforations. The more
competent material may not break and is discharged from the end of the drum.

See cells.
Coal produced by mining operations, beforé preparation.

See screen (n).

A part of a population collected with the object of estimating some characteristic. It
is a portion extracted from a consignment, batch or unit as being representative of it
with regard to the characteristic to be investigated.

Appalr:dtus designed to obtain representative increments from the material being
sampled.

See cells.

Any type of perforated surface used to subdivide any material according to the particle

size of the constituents. Thevarious types of screens are as follows:

(a) Bar screen—a stationary inclined screen, comprising longitudinal bars, spaced at
intervals, on to which the material to be screened is fed at the upper end.

(b) De-sliming screen—a screen used for the removal of slimes from larger particles,
usually with the aid of water sprays.

(c) Fixed screen—a stationary inclined or curved panel, commonly of wedge-wire,
which is used to remove a large proportion of water and fines from a suspension of
coal in water.

(d) Jigging screen—a screen, or pair of screens, to which a combined horizontal and
vertical motion is imparted, normally by a crankshaft and connecting rod, the
screen decks being horizontal or inclined at a small angle.

(¢) Medium draining screen—a screen for draining dense medium from the products
of a dense medium separator.

() Medium recovery screen—a composite screen for draining and rinsing the
products from a dense medium separator to remove adherent medium solids.

(g) Multi-deck screen—a screening machine with two or more superimposed but
separate screening surfaces mounted rigidly within a common {rame.

(h) Oversize control screen (guard screen, check screen)—a screen used to prevent the
entry into a machine, of coarse particles which might interfere with its operation.

(i) Primary screen (raw coal screen)—a screen used to divide coal (usually raw coal)
into sizes more suitable for the subsequent cleaning of some or all of them.

(k) Resonance screen—a screen with a period of oscillation at, or very close to, the
the natural period of oscillation of the.resilient mounting.

(1) Rinsing screen (spray screen)—a screen used for the removal of fine solids by
spraying, esre:i-ﬂy for dense medium solids present among, or adhering to,
larger particles.

(m) Roll screen—a screen consisting of a number of horizontal rotating shafts, fitted
with clements arranged to provide screening apertures.

(n) Run-of-mine screen—a screen used for dividing run-of-mine coal into two or more
sizes for further treatment or disposal; usually employed to remove the largest
picces for crushing and re-addition to the run-of-mine coal.
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screen cloth
screen mesh

screen deck
screening surface

screening

screenplate
secondary cells
secondary reject elevator

segregation
selective crushing

selective flotation
selective grinding

separation medium
separation density

separation size

settling cone
settling tank

settling pond
tailings dam
shower box

sieve
sieve bend

single deck screen
sinks

size analysis

size distribution curve
size reduction

sizing

sizing screens

slimes

sluice

slurry

slurry pond
slurry screen
slurry tower

1401

(0) Single deck screen—a screen having one screening surface, not necessarily limited
to one size or shape of aperture.

(p) Sizing screens ggrading Screens, classifying screens)—a screen, or set of screens,
normally used for dividing a product (e.g. washed coal) into a range of sizes.

(Q) Slurry screen—a screen to recover a granular product from a slurry in a coal
g:eparation plant, usually after a preliminary concentration of the soiids. It may
equipped with water sprays. ‘
(r) Trommel screen—a screen in which the screening surface is formed into a cylinder
or frustum of & cone, mounted upon a horizontal or near horizontal rotating
shaft or on revolving rollers. :

(8) Vibrating screen—a screen oscillated either by mechanical or electrical means. The
amplitude of movement of the vibrating screen is smaller than that of the jigging
screen and its speed of oscillation is higher.

A mesh of wires woven to form the apertures.

A surface provided with apertures of specified size for carrying out the operation of
screening.

The separation of solid particles of different sizes (with or without the use of water) by
causing one component to remain on a surface provided with apertures through which
the other component passes.

A plate provided with apertures of specified size for use as a screen deck.

See cells.

An clevator for removing and draining reject produced in the second stage of the
Jigging operation.

The involuntary scparation of particles of different physical characteristics.

Crushing in such a manner as to cause one ingredient of the feed 10 be crushed
preferentially to others.

A process for the preferential recovery of a particular ingredient of the coal, e.g. a
petrological constituent, by froth flotation.

Grinding in such a manner as to cause one ingredient of the feed to be ground
preferentially to others.
Dense medium of the density required to achieve a desired scparation.

The effective density at which a separation has taken place, caiculated from relative
density analysis of the products; commonly exp as cither partition density or
equal errors cut-point (density).

A general term indicating the effective size at which separation has taken place,
calculated from a particle size analysis of the product; commonly expressed as either
partition size or equal errors size.

A tank used to settle coarse solids'from the circulating water.

A ‘ﬁond. natural or artificial, for collecting the solids from plant effluent. The water may
either be disposed of or re-used.

A water tank with a perforated bottom supported over a screen. The perforations
permit the water to discharge at a controlled rate to a faise bottom of finely corrugated
material so arranged that the water falls as droplets on to the screen.

Generally—screen of relatively small area.
Particularly—screen used in the laboratory for tes: purposes.

A screening device consisting of a stationary curved panel, commonly of wedge-wire,
whereby the finer particles pass with the bulk of the water into the underflow.

See screen (o).
Fractions with a defined lower limit of relative density, defined by the letter *S',

followed by the numerical value of the lower relative density, e.g. ‘S 1.80° describes the
sinks fraction containing all particles having relative densities greater than 1.80.

See particle size analysis.

See particle size distribution curve.

See breakage, comminution, crushing, degradation and grinding.
Scparation of a material into products between nominal size limits.
See screen (p). ‘

Extremely fine particles in suspension.

See launder.

In coal preparation, fine particles concentrated in a portion of the circulating water
and water-borne for treatment or disposal,

See settling pond.
See screen (q).

A wnk (usually of concrete) used for the storage and thickening of washery slurries.
Its height is such as to permit the flow by gravity of the water and slurry to the
appropriate units in the coal preparation piant.
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solid bow! centrifuge .
spigot

splitter box
spoil bank

star feeder
statement of performance

stockpile

stroke
throw

sump
surge bunker

suspended matter

suspension

swing hammer mill

tailings

teeter (in)
fluidized suspension (in)

theoretical yield

thickener (clarifier)
thickening

thickening cyclone

top water
transport water

total of correctly placed material

total of misplaced material

tramp iron

transport water
trash

trommel screen
tromp curve
tromp cut-point
trough washer
true middlings

‘U’ tube

underflow, screen

underscreen water
backwater

undersize

1402

AS 2418, Part 11990

See centrifuge, solid bowl.

The orifice portion of a unit (¢.g. the apex of a cyclone) through which the underflow
discharges.

A receiver fitted with an adjustable device to divert or apportion flow.

A stockpile of reject material. May also refer to waste material (e.g. overburden) from

mining operations. .
See feeder ().
A statement describing the scope and duty of a plant in terms, for example, of the

tonnage of coal treated per hour, the processes used, the separations effected and sizes
produced; sometimes aiso used to express the resuits of plant operation.

A reserve of coal stored in the open.

The distance between the extreme positions of an oscillating or vibrating motion, i.c.
the stroke is equal to twice the amplitude. -

See pump sump. .

A bunker (hopper) designed to receive a feed at fluctuating rate and to deliver it at
some predetermined rate.

Particles of the feed with density equal or close to that of a separating medium, and
which are therefore relatively difficult to remove from the separator.

A mixture of solid particles and water or air in which the solid particles are completclz
and individually supported, normally by means of an upwardly moving current or wit
the assistance of mechanical agitation.

A machine in which size reduction is effected by hammers loosely fitted to a rotating
shaft enclosed in & surrounding casing.

The fine reject product from flotation, gravity separation, classification, magnetic
separation, or other scparation processes. ’

The condition of a suspension of solids in ap upward-moving current of water or air,
whereby the support given to the particles reduces the internal friction between them
to such an extent that the suspension acquires fluid or partially-fluid properties.
The maximum yield (as shown by the washability curve) of a product with a specified
percentage of ash.

See rake thickener.

The concentration of the solids in a suspension with a view to recovering one fraction
with a higher concentration of solids than in the original suspension.

See cyclone (d). '

Water introduced with the raw coal feed to assist the transport of material through the
g 4

The sum of the masses of material correctly included in the products of a sizing or

density :e‘fnntion. expressed as a percentage of the mass of the feed to the separator
{(and equal to 100 minus the total of misplaced material).

The sum of the masses of the misplaced material in the products of a sizing or density
separation, expressed as a percentage of the mass of the feed. When three products are
made in a single separator, the total of misplaced material will be the sum of the mass
wrongly placed in each of the three products, expressed as a percentage of the feed to
the separator.

Pieces of magnetic metal, metallic equipment or machine parts which have become
accidentally mixed with the run-of-mine coal.

See top water.

Extnp.elous material associated with the run-of-mine coal, e.g. wood, metal, plastics
matenal.

See screen (r).

See crror area.

See partition density.
See launder washer.

Comparatively high ash particics so nearly homogeneous that the quality cannot
readily be improved by crushing and recleaning.

A pipe with two vertical legs normally arranged with head and discharge boxes having
rovision for differential level and adjustment to induce flow at a controlled velocity.
e rising leg is normally fitted with primary and repeater differential pressure cells
or an equivalent sensing component in the heavy medium, relative density control loop.

I::kt-ponion of the feed material which has passed through the apertures in a screen
Water which is fed into the cells of a jig below the level of the screenpiate.

(a) That portion of a mass of material having a particle size less than a nominated size.
(b) Material in s product having a particle size less than the separation size.
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undersize in oversize stream

upgrade
upward current washer

useful area of a screen

vacuum filter
vacuum flotation

vibrating screen
vibratory feeder
vortex

vortex finder

wash :
washability
washability curve

waste water
water circuit

water only cyclone
water washing cyclone

wedge-wire deck
wedge-wire screen

weighted flowsheet
weightometer

weir

wet cleaning

wet screening
wetting agent

Wolf cut-point

yield
yield los

Particles in a screen oversize stream which are smaller than the nominal dimensions of
the screen apertures.

See beneficiate.

A washer in which separation takes place under the influence of an upward current of
water or dense medium.

See effective area of s screen.

See disc filter and drum filter, .

A process in which the pulp is subjected to a reduced pressure causing dissolved air to
form the bubbles necessary for froth flotation.

See screen (s).

See feeder (1).
In a cyclone this refers to the swirling pulp surrounding the air core formed along the
axis of the unit.

An open cylinder arranged axially inside a cyclone to control separation.

See beneficiate.
The amenability of a coal to improvement in quality by density separation processes.
Any curve obtained from the results of a float and sink analysis permitting the

theoretical yield of floats or sinks to be read off. There are four main types of
washability curve, as follows:

(a) The characteristic ash curve,

(b) The cumulative floats curve.

(c) The cumulative sinks curve.

(d) The relative density curve,

Excess water allowed to run to waste from the water circuit.

The complete system of pipelines, pumps, sumps, tanks, troughs and accessories used

ftl): the circulation of water in a coal preparation plant, inciu ing the water treatment
plant.

See cyclone (e).

See cyclone (e).

A screen deck comprising units of wedge-shaped cross-section spaced from each other
at a fixed dimension.

See flowsheet ().

See belt weigher. .

A plate or dam (over which the liquid must flow) to control the level of the liquid.
See cleaning.

See screening.

A reagent to reduce the interfacial tension between a solid and a liquid and s0 to
facilitate the spreading of the liquid over the solid surface.

See equal errors cut-point.

The mass of product obtained from any operation, expressed asa percentage of the feed

material on a defined basis

The difference between the actual yield of product and the yield theoretically possible
(based on the reconstituted feed) of a product with the same properties (c.g. percentage
of ash and moisture),
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STANDARDS
ASSOCIATION
OF
AUSTRALIA

The Standards Association of Australia was founded in 1922
as the Australian Commonwealith Engineering Standards
Association, and was incorporated by Royal Charter in 1950.

The principal function of the Association is to prepare
and publish Australian Standards and to promote their
adoption. Standards are in the form of specifications for
materials and products, codes of sound or safe practice,
methods of testing, nomenclature, etc. They are prepared
by representative committees which co-ordinate manufac-
turing capacity and production efficiency with the users’
reasonable needs. They seek to.achieve fitness for purpose,
simplified production and distribution, replacement inter-
changeability, and adequate variety of choice without
wasteful diversity.

Australian Standards are prepared only after a full
enquiry has shown that the project 1s endorsed as a desirable
one and worth the effort involved. The work is based on
voluntary agreement, and recognition of the community of
interest of producer and consumer. -

The Association’s work is conducted solely in the
national interest and without profit, the only expenses bein
salaries, printing and office administration. It is fina
from grants received from the Government, subscriptions
from members, and sales of its publications. Government
and private enterprise both benefit from the Association’s
activities, to the financing of which both should contribute
equitably.

Membership of the Association is open to individuals,
associations, industrisl and c:ommenri.ni,e companies, and
public and local authorities. Enquiries concerning member-
ship are always welcomed.
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IN THE SUPREME COURT

‘S WESTERN AUSTRALIA

BE

AND

TWEEN:
HAMERSLEY IRON PTY. LIMITED

LANGLEY GEORGE HANCOCK

ERNEST ARCHIBALD MAYNARD WRIGHT

HANCOCK PROSPECTING PTY. LTD.

WRIGHT PROSPECTING PTY. LTD.

L.S.P. PTY. LTD.

(mm—— i e e [ —

EXHIBIT "12"—Aff1dav1t of Arthur
Noel Pritchard dated 24.5.83

No. 2313 of 1982

IN THE MATTER of an Agreement between

LANGLEY GEORGE HANCOCK, . ERNEST -

ARCHIBALD  MAYNARD WRIGHT, WRIGHT
PROSPECTING _ PTY. _ LID.,  HANCOCK
PROSPECTING PT1Y. LTD, two other
companies and HAMERSLEY IRON PTY.

LIMITED

Plaintiff

First.Defendant
Second Defendant
Third Defendant
Fourth Defendant

Fifth Defendant

THE MATIONAL MUTUAL LIFE ASSOCIATION

OF AUSTRALASIA LIMITED

Sixth Defendant

AFFIDAVIT

I, ARTHUR NOEL PRITCHARD of 5 The Lee, Middle Cove in the State of New South

Wales, Manager, make oath and say as follows:

1.

(a) I am Manager, Consultancy

Services and Marketing Manager,

South-East Asia for Al;is Chalmers Australié " Limited (“hllis

Chalmers"). I have worked on engineering matters in relation to

the mining industry for 45 years and throughout that period have

been involved with the design and .spplication of material handling

and mineral processing plants and parficularly ihvolved with'

screening processes.

EXHIBIT "lZ"-AffldaVlt of Arthur
Noel Pritchard dated 24.5.83
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(b) 1In 1937 1 completed an engineering apprenticeship with the New
South Wales Railways. From 1937 to 1949 I was a design draftsman
with Alluvial Mining Equipment Ltd., which designed complete gold
and tin dredging equipment and plants for use in Australia, New
Zealand and Malaysia. The processes used  in those plants were
heavily dgpendent on screening. From 1949 to .195.4 I worked as
design engineer with the Colonial Sugar Befining Company Limited at
thdes, New South Wales in the design and engineering of chemical

10
processing plants. 'Again I was involved with screen application.

(c) In 1954 I joined Gibson Battle & Co. Pty. Ltd. ("Gibson Battle"), a
general engineering company based in Sydnéy, as a design engineer.
Gibson Battle had a very extensive business in the design,
engineering and commissioning on a turnkey basis of material
handling, crushing and screening facilities at many large mineral
processing' plants throughout Australia. It was a licensed
manufacturer of Tyler vibrating screens. Whilst at Gibson Battle, 20
both as design engineer and later as chief draftsman, I became
involved in work on many and varied screening operations including,

in addition to processing in areas such as aggregate and coal

handling plants, screens for water intakes at power‘stétions.

(d) I moved to Allis Chalmers in 1961 as Sales Engineer (Screening).
| In 1967 1 became Product Manager (Screening) and in 1973 became
General Manager (Products) and Maiketing Manager, South East Asia.

I took up my present position in 1977. 1In all these capacities I

30
was closely involved with screens, indeed more so than with any

EXHIBIT "12"-Affidavit of Arthur
Pri dated 24.5.83
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(e)

(f)

other product. My initial involvement was in application and sales
of vibrating screens, including special feature design, but I have.
increasingly specialised 1Iin .thé application and selection of
vibrating screens for finé screening and dewatering requirements,

all in the mineral industry.

Allis Chalmers 1s the leading manufacturer of vibrating screens in
AuStralasia, having approximately ninety percent of the vibrating
screéﬁ market. Vibrating screens are by far the most practicable
and widely-used screens for mineral processing in Australia. Allis
Chalmers supplies or has supplied screens and advice on equipment
size, water requirements, preparation of feed and screening
application to most major mining compénies in Australia, including
Comalco Ltd., Broken Hill Pty. Co. Ltd., MIM Holdings Ltd., Mt.
Newman Mining Co. Pty. Ltd., Goldsworthy Mining Ltd., Robe River
Ltd;, Savage River Mines joint venture, Alcoa of Australia Ltd.,
Western Mining Corporation Holdings Ltd., EZ Industries Ltd.,
Cleveland Tin Ltd., Renison Goldfields Consolidated Ltd. and Agnew
Mining Ltd. and to Bougainville Copper Ltd. and the OK Tedi joint

venture in Papua New Guinea as well as to the Plaintiff.

I have been associated in varying degrees with screening éspects in
every major irbn ore mine and iron ore processing plant erected in
Australia since the Second World Wa£ and have visited the mines of
all the iron ore producers lisﬁed in sub-paragraph (e) and the
processing plants at those mines. I last visited Tom Price in
Febfuary, 1983. . -

EXHIBIT "lZ“-Affldav1t of Arthur
“oel Pritchard dated 24.5.83
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2. I have been asked .to advise the Plaintiff in relation to these
proceedings and I have read, and ask leave to refer to, the Affidavit of
Colin Roy Langridge sworn on 2nd September; l982,.£he AfTidaQits of
Niles Earl Grosvenor and Peter Forbes Booth both sworn on 27th Cctober,

/1982 and the Affidavit of Alban Jude Lynch sworn

U , .
on X2nA e Weef/1983 all filed herein. I have also read the
exhibits to each of thosé Affidavits, including the Agreement which is

"Exhibit CRL 1",

3. The use of the expression "beneficiation" fd describe the whole 10

secondary phase of treatment between mining and smelting is not uncommon
in the iron ore processing industry. In this sense it takes in all
actiyities from the primary crusher at the mine tiphead through to
stockpiling. During the secondary phase of treatment any treatment of
the ore that is considered as essential preparation for achieving
- improvement of the product, particulgrly involving concentration by
heavy media .or flotation, isA included 1in the category .of

"beneficiation".

4. 1 agree with the conclusions expressed by Or. Lynch in paragraphs 9 and 20
10 of his Affidavit and with the reasons he gives for them, in
particular that "crushing and screéning" usually'refefs and referrad in
1962 to a dry process, that the scruQBing effects af Tom Price are
distinct from the screening and that water is introduced into the
process to prepare the feed for léter.'concentration in the drums,
cyclones and WHIMS. Scrubbing begins in the pulping box. I also agree
that the pulping box would not have been designed the way it is if it

were not for the purpose of maximising the scrubbing effect of the water

EXHIBIT "12"-Affidavit of Arthur
Noel britchard dated 24,5.83
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s,

before the feed moves on to the screen deck. Like Dr. Lynch I am not

aware of any iron ore processing plant where a wet process was in use in

1962 or is in use now solely as an adjunct Fo crushing and screening

without some further process in view.

Another way of looking at the problem is to appreciate that a screen is
designed to‘size ore, not to break itlup. That is done by a crusher.
Because the product from a preparatory screen before a heavy media
concentration process must be clean as well as of a specific size it is
necessary to add a further step: water is introduced to clean the ore.
The water may assist the sizing function to take piace but its main

purpose is to perform the cleaning function reqdired.

In 1962 sieve bends were a relatively new product developed by a
Netherlands' company, Dutch State Mineé; " They were not called
"screens". They work on the principle that water and particles in it
travelling very rapidly down a concave perforated slope are driven
outwardé allowing them to pass as fine pulp through the surface
apertures in the slope assisted by centrifugal force. The sizing
function is only a rough one.. The use of sieve benas is to remer
excess water and the finest particles suspended in it. A sieve bend is
quite different from a vibrating screen, which depends on natural
gravity and "throw" (upward and forward movement) caused by vibration to
break the surface tension between particlés of feed and the deck surface

and to present the particles to the'apertures with the desired frequency

and in stratified form.

I ask leave to make the following particular observations on Mr.

. EXHIBIT "12"-Affidavit of Arthur
Grosvenor's Affidavit: 1‘4].07 Noel Pritchard dated 24.5.83
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(a) Paragraph 10

Sentence 2. If water is added to the feed in a pulping box it
achieves the same effect in principle as if the feed were passed
through a scrubber prior to screening. The only difference is one
df degfee and the choicé between a pulping box and a scrubber will

depend on the type of ore involved.

Sentence 3. The process of screening with the addition of water is
not always called Qet screening. It is aften called "washing and
screening" or Jjust "washing", in the loose sense of "washing" to

| which Dr. Lynch refers in paragraph 6- of his Affidavit. The
expression "wet screening" probably evolved because of the physical
proximity of the two processes in the pfoceSS'circuit, but they are 10
distinct. The pulping box would be Just as effective 1if it were.'
located seyeral hundred metres before the screen in the operating
circuit. This comment also aﬁplies to sentences 8 and '9 of‘.

paragraph 12 of Mr. Grosvenor's Affidavit.

Sentence 5. If thorough cleansing of the ore for later

concentration is desired it is essential to slurrify or pulp the

ore prior to screening.

(b) Paragraph 12

Sentence 5. The preferable screen for use in conjunction with
scfubbing is a horizontal screen operating with straight 1line

motion rather than circular motion as for an inclined screen. When

EXHIBIT "12"-Affidavit of Arthur
.Noel Pritchard dated 24.5.83
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scrubbing is not required screening is normally performed on an
inclined screen with circular motion. . The screens referred to in
paragraphé 9, 10 and 11 of Mr. Langridge's Affidavit are examples
of the former; the scalping screens referred to in paragraph 8
‘thereof and the screens in the Plaintiff's High Grade Ore facility

~ at Tom Price are examples of the latter.

Sentences 6 to '7. The breakdown of contaminants achieved by

scrubbing cannot be achieved by screening alone and screening takes

place after scrubbing begins in the pulping box. The latter does
not "come about" as part of screening. It is a deliberate process 10

ailmed at a different physical result.

(c) Paragraph 14

-Sentence - 3. In my opinion the "wetting” in the pulping box
followed by spraying and screening makes the process washing and

screening or, more technically, scrubbing and screening.

(d) Paragraph 20

Sentence 3. I do not agree that the words "erushing" and

“screening" either now or in 1962 would -adequately or accurately
describe a sizing and cleaning process for the purposes of later
beneficiation, such as the process at Tom Price with which these 20

proceedings are concerned. I do agreé-that they would, both now

EXHIBIT "12"-Affidavit of Arthur
Noel Pritchard dated 24.5.83
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and- then, perfectly describe a dry coarse size reduction and

grading process, such as the High Grade Ore facility at Tom Price.

With reference to Mr. Booth's Affidavit, I ask leave to make the

following particular comments:

(a) Paragraph'e

Sentence 2. Nearly all screens operating in the iron ore industry

in Australia are anﬁ were in 1962 vibrating screens.

Sentences 3, 4 and 5. In my ekperience,,in iron ore processing,

.the decision to wash or scrub as well as to screen depequ on
whether that is to be followed by a wet concentration process.
Either water is required for the later qoncentration process or it 10
is not. If it is required but is not ;vailable, thé process cannot

be' installed. If it is not required but is available, it {is
unlikely to be used. a

(b) Paragraph 9

Sentence 2. Water is an éxpensive and complicating component. It
is only added to achieve a desireg:résult, It is not an "optional
extra" that one would add lightly. I can agree with the words
"efficiency of separation" only,{f they refer.ﬁo the separation of
gangue from mineral in the heavy media drums and cyclones; but even

then I would have to say that, if no cleaning were done by the

water, heavy media separation would not work. ' | 20
EXHIBIT "12"-Affidavit of Arthur
Pri dated 24,5.83
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(c) Paragraph 10

(d)

(e)

(f)

- Sentences 2 and 3.' I refer to and adopt paragraph 6 of Dr. Lynch's

Affidavit and repeat my comment above on the expression "efficiency

of separatlon"

Paragraph 11

Sentence 1. At Tem Price the water preconditions the feed for

later concentration in the drums, cyclones and WHIMS. It is only

‘incidental that it also assists passage through the screen.

Paragraph 13

Sentence 4. . If the contaminants separate only partly, the

treatment would not be effective enough to prepare the feed for the 10.

heavy media process. There is some degree of tolerance but the

separation must always be thorough.

Paraqraph 14

Sentences 3 and 4. Screening alone is not enough. There must be

cleaning as well, but there cannot be efficient cleaning at the

final preparation screens unless there has been scrubbing earlier.

(/44( @c clitra -
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(h) Paragraph 16

Sentence 3. I agree with Dr. Lynch's comment in the last sentence

of paragraph 9 of his Affidavit.

SWORN by the said ARTHUR )
NOEL'PRITCHARD at Aolr#Sydw,

in the State of AMew Savry W"“j’. | W,@ 7
. ?
this 31/’” ) - ¢ cloiar—od

day of

Vdad 1983. )

Before me: /(IWM 7R prvers )/Xod .

Kl N/
/

A Justice of the Peace

Filed on behalf of the Plaintiff.

"EXHIBIT "12"-Affidavit of Arthur
1415 Noel Pritchard dated 24.,5.83
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The H&P
Sieve Bend

The Heyl & Patterson Sieve Bend offers an
economical means for high capacity classi-
fying and dewatering to the Coal Industry.
Patterned after the original Dutch State
Mines type, and manufactured by agreement
in the United States, the basic design has
been refined since it was first introduced

in 1953.

Simplicity and performance make the H&P
Sieve Bend a logical choice for any size
dewatering/classifying application. The
following paragraphs tell why.

Low Cost Operation

Prep plant operators will appreciate the
patented Sieve Bend design. Simplicity is its
greatest advantage. It requires no connected
horsepower, occupies a limited amount of
space, requires 3 minimum of support
structure, and practically no maintenance.
As a stationary screen, the H&P Sieve Bend
requires no permanently assigned operator,
and is without the noise and vibration
customarily associated with conventional
screening operations.

Periodic reversal of the Sieve Bend screen
assures consistant cutting of slurry layers
and extends screen life. When wires are
-worn to the point where screenings become
too coarse, the worn screen is easily
removed and a new one installed inlessthan
an hour.

Design & Operation

Coal slurry fed at near zero pressure enters
the feedbox and passes over a series of
baffles which spread the slurry to provide
even distribution across the entire width of
the deck. Dropping from the last baffle,
slurry is fed tangentially to the screen,
separating the solids to a predetermined
particle size, delivering a dewatered over-
product and a dilute effluent.

A full stream of coal slurry flowing over the
Sieve Bend decreases in depth in increments
of about one-quarter the siot width each
time it passes a slot. For instance, if a slot
width or screen opening being shaved off

by each wire is about 4 mm, this Ya mm
thick cut can transport only up to ¥2 mm size
particles. Therefore, pius 2 mm solids pass
over the screen deck. The result is an
efficient separation of feed solids at a size
considerably smaller than the opening inthe
Sieve Bend. :

The unique screening action of the H&P
Sieve Bend extends the practical application
of screening to much finer coal sizes without
any danger of blinding.

The effluent of the Sieve Bend flows into the
effluent chamber from where it is piped for
further processing. The cake is discharged
over the lip of the Sieve Bend.

Different slot widths in the Sieve Bend
produce various particle separations.
Standard screen sizes are available from a
mm to 2 mm.

The curved Sieve Bend section is mounted in

a structural frame and clamped in place |
between two plates. This design permits 100

Conventional Sieve Bend

3’ to 8’ Wide
5'-134" Radius =
& 2'-6" Radius

Turning
Radius (D)

. screening methods.

* percent utilization of the screening area ar
effectively prevents oversized solids from
entering the effluent.

Two stage Sieve
Bend, available in
combinations of
widths and screen
radii.

Capacity
Two important factors influencing the

capacity of the H&P Sieve Bend are the free
screening area and the velocity of the feed
slurry. When making a separation of 2 mm,
the H&P Sieve Bend produces an effluent

of up to 65 GPM per square foot of Sieve

Bend area, far exceeding most conventiona! -
30
Application

The H&P Sieve Bend can successfully be

used in many applications in preparation
plants where fine coal (minus Y2 in.) is

wetted and processed. (
The H&P Sieve Bend serves: :

o to supplement or even replace sludge
tanks or settling cones,

40

l width(A) I

Jhatt

Veortical Adiustment
for Screen Al t
with Feed Box

Trunnion

]

Ly
:)
3

Pan
Turring Rad

) Nom_inal
Dimensions

Svwounswisvarswls
canaanlaannns
PRSI AN

200 10 2400

SRLWNNIE & &L
PR TR ettt
GPM of Sturry
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_. to dewater refuse from concentrating

tables

l as a scalping unit for dressing water for
concentrating tables,

. _lo dewater and classify centrifuge feed or
to perform as a “tell-tale’’ screen for the

I effluent,
to prepare froth fiotation feed or to scalp
iroth 18ilings to recover coarse clean coal,
a and, to classify or dewater feed to vibrating

screens, relieving overioad conditions and

improve screening efficiency.

dvantages of the
&P Sieve Bend

w Operating Cost: Lack of moving parts
nd negligible maintenance costs minimize
rating expenses. The H&P Sieve Bend
'):uires no assigned operator or supervisor.
aversible Screen: Means longer periods of
ration. Longer screen life means lower
Fts t00,
mplified Design: Lower initial costs, no
L_oving parts, light weight, minimum space
support structure requirements make
’:H&P Sieve Bend easy to install in
Jisting plants.

iet: No moving parts means no vibration

u

"ad low noise levels

Wficient, High Capacity: Works with the
18st sizes. Capacities exceed those of any
nventional screening method.

'exiblo: A wide variety of sizes and screens
e available to meet the requirements of
nost any installation.

Depth(C) ]

Feed Bos

7[_ Yoke Suppori

T

Low-Head Sieve Bend

-

Bank of H&P Sieve Bends in preparstion plant dewatering slurry ahead of vibrating screens

Solids Classification snd Water Scaping
Ahead of Virating SBcresns

Width(A)

R

Dewalaring Clean Cosl in Jig Circuit

e

Cyclone Circuits

R/ Vertical Adjusiment
el ® o st
Trunnion
Screen
Rod Bolt
Pan
Turning Soreen Panel
i 2 Radius (D) |
Discharge Boa
‘ A 8 c 0
Screen Pan
N . us] Wi Height Depth Turn Rad. Weight Cop
T 7T LG T v T30
Dimensions | £ | £ | 1% | bE | iF | &
ensions 3 s 7.6 810" 4.8 2000
7 | 7 6-10 .y 230 | §
8 7-8" 510" 5.2 2600 | N
S a5 e gl
: . 0" -7 1100
® 5 50" 4.7 3.3 1400 §§,
~ 6 50" 4.7 3.9 . oo | °
7 60" .7 4. - 1800 .
(3 $'.0" 4. 7" 4.0 2000

12/710Q
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{eyl & Patterson...Proven Performer

leyl & Patterson has been a pioneer de-
igner and builder of processing equipment
nd plants for many years. H&P plants

1&P Centrifuges:
1P-48 Hurricane
¥ HP-36 Reineveld

iiving you the lowest moisture obtainable

and equipment have proven their reliabil.
ity and superior performance in many
industrial processing applications.

H&P High Energy
Cyclo-Cell Offers |
Trouble-Free Flotation

H&P Cyclones:

‘Versatile Processors

Pioneered in 1947, H&P Cyclones are the

coal industry leader for thickening, separat
ing and classifying chores. A complete line
of WATER-ONLY and HEAVY MEDIUM
CYCLONES are also available. Heyl & Pat-
terson Cyclones are offered in standard 3,
8, 14, 24 and 30 inch sizes, constructed

of Ni-Hard, Ceramic or Elastomers. Flow
capacities range from five to 4000 G.P.M.
per cone at operating pressure drops of five
to 40 P.S.l. H&P Cyclones can handle par-
ticle sizes up to two inches, Units can be
provided in manifoids or clusters to suit
plant layout,

y mechanical methods at the lowest cost
er ton, Heyl & Patterson Centrifugal Dry-
rs have been setting records for high re-
overy of both coarse and fine products.
IP-48 Hurricane & HP-36 Reineveld Cen-
rifugal Dryers are:’
Manufactured for all feed tonnages, with
capacity to handle surges up to 250 tph.
Designed for simplified maintenance and
reduced operating cost. All parts are
readily accessible.
Operated at uniform frequency and con-
stant force of vibration for reliable
performance.

The superior performance of the patented
Heyl & Patterson Cyclo-Cell, a flotation
system, gives you exceptional recovery of
quality products with dependable, trouble-
free flotation as well as other advantages.
Unequaled simplicity: No moving parts.
Vortex chamber provides abundant aera-
tion and agitation.

Low horsepower requirements: Operates
effectively with minimum power consump-
tion.

Low installation cost: Simple supporting
structure permits easy installation, and cells
can be stacked to reduce floor space.

Low maintenance cost: Life expectancy of
the low-cost Refrax®Ceramic Vortex
Chamber is 4-5 years of continuous service.
Instant start-up: Starts up readily under
ioad without peak power requirement.

Give Us ACall...

Heyl & Patterson’s years of experience

in engineering, designing, fabricating and
installing materials handling plants and
equipment give us unparalleled experience
in making sound recommendations for
your needs. Our highly skilled engineering
staff is always available to analyze and
discuss your requirements. Give us a call.

WE'TMNK
SYSTEMS

Heyl & Patierson, Inc., 250 Park West Dr., P.O. Box 36, Pitisburgh, Pa. 15230, 412/788-6900 1
1010 Young St., P.O. Box 1028, Charleston, W. Va. 25324, 304/342-5146 f - . ) i
. . L T T

.
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Ilero’s h0w tho DSM works...
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_nd here’s where the DSM is working
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.m:‘ WI awvd Vi MULLLLVIVLE Vadss o
)

\ A
Capacity pé'r ft. - Standard Range of . ' .
Model - of screen width (gpm) ‘ width (ft) separation (mesh) - Typical applications

o O UV - — e e

)
Thickening, deckering,l
30-200 2.4.,6 8-65 flume water, fruitand
. 'ﬂ vegelable wasles. !
] \’ ‘

m— e -

|
50° Phosphates, polash, |
ammomum sulphate, !

30-150 2.4,6 8-48 - steeped grain dewalering,

fruit & vegetable C

processing. alumina. ! L

—— - - [ -

60°
Ironore, copper ore,

30-200 4 8-48 sand, cement.

Starch hiber washing,
120° : fiber recovery, spent
grain press liquor,
50-200 - 2,4,6 100-325 vegetable fine fiber
' wasle, paper-pulp fiber
screening, deckering,
° _ cryslal dewatering.

270°

100% minus Cement slurry at
- 1
100-200 Ve 50 mesh 65% solids

00° '
3 Stillage, raw-sugar melt

liquor, fiber removal from
starch, fiber removal from
waste aclivated sludge.

50-200 2/3 48-325

RAPIFINE

Taconite at approx.

1 2 48-325
30-100 . 90% minus 325 mesh.

DORR.OLIVER INCORPORATED
\ INTERNATIONAL HEADQUARTERS
u 77 HAVEMEYER LANE
- STAMFORD, CONN. 08904

SM® and RapiFine? are regisiered trademarks of Dorr-Oliver lncorporli:od © 1974 poVr-Oll\'wr Incorporated BULLETIN NO.I,DB\

1423 EXHIBIT "13"-Two brochures by
Dorr-Oliver and by Hayl & Patterson



—<n

 VIBRATING SCREENS

Terms and Definitions
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VIBRATING SCREENS | Terms and Definitions

Amplitude (See Reiated Term: Stroks)
mdimlmuﬁommummdnﬁ-
mum displacement, In the case of & vibeating screen with
cireular motion, smplitude would be the redius of the circle.
In the case of straight-line motion or elliptical motion it
would be one-half of the total movement or one-half of the
major axis of the ellipes; thus ¥4 stroke.

Amplitude Card (See Preferred Term:
Stroke Card)

Angie (See Preferred Term: Slope)

Angle of Repose
That angle to the horizontal which s material wili assume
naturally when in a pile.

Angle of Slide

That angle to the horisontal, st which material will slide on
an inclined surfoce as dstermined by the nsture of the
material and kind of surface on which it is supported.

Angle, Vailey

That angle to tha horisontal formed by the line of intersee-
dalolmiuun.dplmnmchnmu‘hlmdbym
ivimh-mnth-mdduo(nbw.

Aperture
Opening in screening surface.
Also known as clear opening.

Arch (See Preferred Term: Crown)

Automatic Lubrication
Equi for injecting lubei into bearings at a con-
trolled volume and frequency.

Backplate
Aclumphu-cou!ndmdolnmtom
spillage.

Batfie Plate
Deflector used to direct the flow of meterial

1426

Bail Deck
A special deck which retains balis that strike the under-
side of the screening surface.

Base Frame .

§ Yy structure i y supporting the vibrating

Base Mounted
Denotes vibeating screen supported from structure below,
83 opposed to overhesd suspension.

Bearing
A hanical vib ily of the roller
type, sllowing rotation of the shaft on which it is mounted.

Bearing Closure

A chenical vibrator that covers the open ead
of a besring housing, with or without provision for e shaft
extension.

Bearing Housing
A

hanicsl vibrator that bolds the outer race
of the besring.
Bearing Seal
A maechenical vibrator b the rotsting and
ttationary elements, which retaing lubricant and ezcludes
ign matter. K are: ladyri and seals,

Bed Depth (See Preferred Term: Depth of Bed)

Blank Plate Section
Almdmgpn-wh‘ll&-nmm

Blinding (See Related Term: ~
Coating and Plugging)

. AMdeamh-Wmﬂmmﬁw

coating or plugging.

. EXHIBIT "14"-Temms and Definitions
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VIBRATING SCREENS | Terms and Definitions

Body (See Preferred Term: Vibrating Body)

Body-bound Bolt

A finished boit fitted in & hole mechined to closs :
hereby denying ¢ the boit and hole.
Bone-dry

I cial having no sarf

Bottom Plate (See Preferred Term:
Carrying Pan)

Brace Frame (Brace Strut)
Sidepi cing str t bly, ueed in plsce of
suppert frame.

Bridging (See Preferred Term: Coating)

Buffer Strip
Resilient ber lly rabber, ing the support
bore.

Cable (See Preferred Term: Wire Rope)
Camber (See Preferred Term: Crown)’

Capacity
‘hondmhduum(-mu-w.n-
given eficency.

Carriags Boit (See Preferred Term: Tension Boit)

Carrying Pan
AMM-ubuudevamMndm
and conveying the thru prod from the d .
Also known as collecting pas.

1427

Circle Throw
Modonglavibndncm-hi:hvibuminumdnl.

Alnmudnuhr'mk-.

Clrculating Load (See Preferred Term:
Recirculating Load)

Clamp Plate
Ammm.mmmmmmumw
,un.-uammm.acdmmwlmu
forms a seal to the sideplate.

CLAMP PLATE STOP

Clamp Plate Stop
Amﬂ“wwmwmwolmm
uunhuvvﬁmtdnghupphu.

Clamp Strip
Any meraber sbove the screeniog surface bolding it down
to the support frams.

Classification

The v of approxi [ ing of rial by desosity
umwmmud-ﬂﬂ(wumﬁ
medium.

Clear Opening (See Preferred Term:
Apesrture and/or Space Cloth)

Clogging (See Preferred Term: Plugging)

Closas Sizing

mmmmm;mm“m
faces are oearly the sama.

EXHIBIT "14"-Terms and Definitions
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Cloth (See Preferred Term:
Woven Wire Screen Cloth)

Col!lng (See Related Term: Blinding)

where particles over the aper-
mdmm:;ndnnbyﬁmnolweﬂm (gen~
erally g from !

Collecting Pan (See Preferred Term:
Carrying Pan)

Consistency
mnu.uaynuamm:umum solid-diquid

on a weight besia, unless
tpodlullymbdbyvdn-o.

Contamination
ise or undersi rial (or bath), present in a
prod Usually erp dass p of the prods

Conveying Speed (See Preferred Term:
Rate of Travel)

Counterfiow
Rotstion of vibrater shaft such
that the top of the shaft is rotat-
ing towards the feed end of the
machine, or sgainst the flow of
the material.

Cousterflow
Counterweight
A rotating off-center weight.

Counterweight Shaft (See Related Term:
Eccentric Shatt)

A vibrator component, which has « portion between journal
sactions with center of mam ecosntric to the journals.

Critical Speed (See Relntod Term: Resonance)
Caadidoa at which un i fre of vibration ap-

the { of the mase-epring systam.
Umuly appiied In eireunnux- where the effects pro-
duced are undesirabdle.

1428

VIBRATING SCREENS | Terms and Definitions

Cnnvn

mmdqd-mdﬁumﬂommdws
ton between high and low points.

SCAEENMING SuRPACE

comveniry—") /
I L1

\
Crown scaeen oece

Dam
An obstruction to the flow of materisl, mounted on the
scyeening rurface.

Dnmpmg or Dampening
The of vibration by ] meane.
Deck

A vibrat screen isting of & support
lnn-.mhgmdu-,wm

Deck Preparation (See Preferred Term:
Screening Surfacs)

Degradation
'.l'h. broken material csused by handling or westhering.

Depth of Bed
Thickness of tha leyer of matsrial truversing a screen sur-
face.

Desliming
Removal of extremely fine particles from s wet wmatarial by
pessing it over & screening surface.

Dewatering
Removal of free water or surface molsture.

Differential Angle Deck
A screen deck in which ing surf of the
same deck are at varying aagies.

EXHIBIT "14"-Terms and Definitions
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VIBRATING SCREENS | Terms and Definitions

Dischargs Spout or Lip
lnuuiannth-m.odo(mmaek.hmy be
vibrating or stationsry.

Divided Deck
A deck having & ing
by partition(s).

PARTITION

SCREENING
susrace

Double Crimped
Aum-ppu-dtovom-iu-a‘-dmb.vhnmm
in both directions are corrugsted.

Draw Plate (See Preferred Term: Tension Plate)

Drip Angle or Strip (See Related Term:
Wiper Strip)
A projection below the screen sur-
face support frame runaing loagi-
tudinally to direct Hquid and

Drive
Mlmi_odhu-hmuunduwwidomdnm
mmmmhuv-hlu.ubumm.adm
base.

Drive Gear
A gear which propels anotber gear.

1423

Driven Gear
A gear which is propelled by another gear.

Drive Guard
‘The encl for the powet: i b
the screen and the immediate power source.

Dry Screening

Separation of isl without the, sddition of a liquid

vehicle. :

Dust Enclosure

Any type of d a vibeating screen for the lo

purpose of controlling dust.

Dust Enclosure—Open Sided

A stationary enclosurs with seais axtesding to the vibrating
luntomwhuwtommhmlarmuo-
ﬁwhg'imaviwmhuhuuhm

20
Dust Hood
A stationary cover over the top
deck, with provision for dust ex-
30
Dust Seal
A dust ini ber b e i y ench
and vibrating frame.

EXHIBIT "14"-Terms and Definitions
OF the Vibrating Screen :
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VIBRATING SCREENS | Terms and Definitions

Eccentric
M-n-mblymbdenmo‘-aumndudauhﬂ.
and used to convert retary metion to P g

Eccentric Shatt (See Related Term:
Counterweight Shaft) -

A vidbrator component, which Nas journsl sections turned on

eccentric centars, or on which eccentric hub(s) or slesve(s)

is (are) mounted.

Eccentricity
The fized dimension from center obtained from machining
o shaft ofi-conter.

Edge Preparation
The (abrication (i.e., hooks, flanges, bbdon) on th. odges
of a scTeen section, which pts the

Effective Screening Arsa, or Net Efllctm Aru

Portion of Scresa Deck ilable for
Efficiency
mdoawo(mnqu'hlehnmpd«n-dm

particle size ily: the p of the
mhmlﬂ,mmuymmm-mm
lng surfece e,

% of feed which sctuslly pssses through

Efficiency®=
% undersize in feed (shouid pass through)
*Efficiency of undersise recovery
Neot to be £ with tion (ewe )
Ses aise Appendix A
EfMuent

The liquid pessing through & screening surface

Electrically Heated Screening Surface
A screening surface which is heatsd by virtus of the surface

itaelf acting as electrical resistance.

Electro-Magnetic
Denotes s m&&uorvnbnuvvhkhhnnodwm-todby
an eleciromagnet.

End Stagger (See Reiated Tolm SIdo Stagger)

A term used to describe & perf jon of elon-
nwmmm‘m“udm‘mfmh
liuononrym.butmlu.mdodycvaodnrm
fall in line, Le., “staggered” when looking into the end of
the sperture.

End Tension
Tensioning of a ecreeming surf lel to the tarisi

Exciter

A term ueed for the vi oaae hine which op
oa the resonant principle.

Feed
‘The material presentad to a scroen for processing.

Feeder
A conveying device by which the rats of delivery of material
may be controlled.

EXHTBIT "14"-Terms and Definitions
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VIBRATING SCREENS | Terms and Definilions

Feed Box
A feed end extension of the vibrating frame which sccepts
the {eed.

Pead Box

SCAEINING
suRrace

Feed Plate (See Preferred Term: Feed Box)
Fill Wire (See Preferred Term: Shoot Wire)

Filler Ring
A mech )
ing, jcting latersi

inserted in bearing hous-
of bearing rece.

Fines .

Material having particle sise substantially emaller than &
cified aperture. S 3 used sy ly with une

dersise, but not ded

Fines Hopper
A recsptacle located balow the screea deck, and receiving
the thrus. May be vibrating or etationary.

Fizxed Screen (See Preferred Term:
Stationary Sieve)

Float (Product)
‘The ligh weight rial fraction from a deasity sspe-
retion.

Float (Bearing)
The amount of latersl provided for
between two parts; viz., bearing outer rece in its bousing.

Flooding
Feeding screen beyond its eapacity.

1431

Floor Mounted (See Preferred Term:
Base Mounted)

Floor Stand (See Preferred Term: Pedestal)
Flow Rotation (See Preferred Term: Withflow)

Flowsheet
A schemath
process.

drawing showing the vari tions of &

Fly Whee! (See Preferred Tarm: Counterweight)

Four Bearing (See Preferred Term:
Positive Stroke)

Frequency (See Related Term: Speed)

The number of times an event (vis, complete cycle of
motion) repeats itsell per unit of time.

Friction Check

A metion dampener of the friction brake type which mini-
mizee stroks build-up during start and stop, and may aiso
laterally stabilize e ecreen during operation.

" suicTion
mATEEIAL

Front Plate
A closure plate acrow discharge end of & xcreen, below the
scyeening surface.

| EXHIBIT "14"-Terms and Definitions
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VIBRATING SCREENS | Terms and Definitions

G
The scceleration of gravity (322 ft/sec?). Acceierations
are ususlly expreseed ss multipies of cne gravity (vis, 1G,

Heated Deck (See Preferred Term:
Electrically Heated Screening Surface)

2G,3.6G).

High Speed

A very relstive term referring to the op g freq y
Grizzly ) of & screen. Used to indicate rpm or cpm generully in excese
A heavy duty ing surd; isting of s series of of 3000. .
spaced bar, rail, or pipe members running in the direction
of material flow, msy be either stationary o¢ vibrati Bar (See Preferred Term: Clamp Strip)

Gyrating Screen (See Preferred Term:
Vibrating Screen)

Hait-Size
Material having particle sise smailer st least in one dimea-
sion than one half of a specified aperture.

Hand

A designetion of right or left used to indicate & specific side
of a vibrating screen. It is determined when facing in direc-
tion of material flow, as it moves awaey from the viewsr,

Discharge End
——"‘_‘.
un—ﬂ.r 1 _1 ﬁ ! ’lnn.”,
nano U-LJ Il 1J U ‘l ..ruvuno.
-

Feed End

Head (See Preferred Term: Vibrator)

Headroom

Technically, the difference in elevation betwesn the ‘work.
ing-points’ of the fesd end of the top deck scTeening surface
and the discharge end of the b deck i ris
Not to be confused with oves-all baight or vertical clearance.

Maldd:
’

Hook Bar
A type of i ber which a lo
dnolnmm

Hook Boit
A type of i ber which
screen section.

the edge wire of &

Hook Strip (See Preferred Term:
Edge Preparation)

Horizontal Screen

A type of vibrsting ecreen having motion that is substanti-
slly straight-line in e vertical plane inclined in the direction
of materisl flow.

Housing (See Preferred Term: Dust Enclosure) 20

inclined Screen
A type of vibrating scresn with circle throw mation.

Infiuent
‘The liquid fSowing t0 s ing eurf

inherent Moisture
Liquid, usually water, bald within the particie.

Inertia Weight (See Preferred Term:
Wire Rope Stabilizer) 30

J-boit
A [astening device which eogages s support bar and bhoids
down the screening surfece.

Journal
That pertion of e shaft oa which a bearing is mounted.

EHIBIT "14"-Terms and Definitions
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VIBRATING SCREENS | Terms and Definitions

Ledge Angie
Str | b hed 10 the sidepl
wpport for the screening surface.

that acts as a

Ludge Angle

Left Hand (See Related Term: Hand)

Limiting Screening Surface (Limiting Screen)
The medium determinin, tb.hnm-&nm:lool.
product, thus the di through which a product has
passed.

Live Frame (See Preferred Term:
Vibrating Frame)

Longitudinal Bar (See Preferred Term:
Support Bar)

Marginal Particies (See Preferrad Term:
Near-Size)

Mesh
Nusmber of iogs (and fraction th
counting from the center of & wire.

{) per linear inch,

QUi l|l|T[
L) e o

Moeasuring Mesh

1433

Middling (product)
The i di ight material fraction(s) from o den-

sity separstion.

Motor Base .
Tboimmﬁnudoﬁumwhkhmmhm.
usually providing for beit taf dj Inciudes such

/P as wlide rail, pivoted, and spring losded,

Multlplo-Slofc Deck (See Preferred Term:
Differential Angfe Deck) .

Multiple-Slope Deck Screen
A screen with decks et differsat angles.

Near-Size
'l‘h-tmntnﬁuvorywlymﬁnolm.mmﬁ
ally considered as plus or minus 25% of the aperture.

Near-Size Overs
mmmammmmmwmm-u-
ture,

Near-Size Thrus
'ﬂntmdtbow-dnmwm&um:m
ture.

Oil Flinger

A rotating
distributa the oil.

of an oil-lubei il

Ot Mist Lubrication
A conti ie, .
tem using compressed alr to mist oil.

e lubrication sys-

Open Area, or Percent Open Area <
&mdmmclm-mwmmlwdm C
screening wurface. )

EXHIBIT "14"-Terms and Definitions
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Oscillating

Used 1o danote linesr motion, generslily in the larger (%" to
2°) stroke, snd slowsr (100-400 rpm) speed range.

Overs (Product)

The ectusl matsria! thet pasees over s screen surfece, in-
cluding contamination.

Oversize

Material having perticle sise larger at least in one dimen-
sion than e specified sperture.

Pedestal
Support Member(s) for a base mounted ecreen.

Percant Solids

Commonly mpecifisd by weight but may be specified by
volume.

Perforated Plate

A type of screening serfacs, with vasious shape openings
used for the purpose of ssparating materisl.

Pluggjng (Screen Surtace)—See Reiated Term:
linding

The wedging o j g of ings in a screen medi
by particles, preventing of undersi

Plugging (Motor)

The electrical “brekisq” of a motor to minimise time screen
runs thry resonance dwing stopping.

Positive Stroke

Refers to any vibretag unit having » vibrator with eub-
n.fmhlly fized out-beard bearings, and with stroke deter-
mined by eccentricity of the shaft.

EXHIBIT "14"-Terms and Definitions
1434 of the Vibra
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Profile Wire (See Related Term:

Deck Preparation)
A type of scraening surface using wires of verious shapes in
croes running islly peraliel to esch other.

Rate of Travel
The ipeed of material over the screening surfsce usuaily
expreseed in feet per minute.

Reciprocating

Ususlly applied to hi with ially linear mo-
tion in the plene of its main frame. The stroke is normaily
in the rangs of 17 10 4°, and speeds of 30 to 200 rpm.

Recirculating Load

Material that is rejected i or d ) in s
screening operation, sent to process machinery for further

snd then d (recirculated) to the originsi
screen.

Rectanguiar Opening (Screen Cloth)

When referring to woven-wire screen cloth, having elon-
toted openings defined by single or mulitipie cross of shoot
wires.

Recycle (See Preferred Term:
Recirculating Load)

Rejects
A genersl term epplied to unwanted material, either over-
size or underise.

Repulping
The addition of liquid ususily st trough locations sloog the
deck, to resiurry the feed.

Resonance
The frequency st which any mas-spring system will vibrate
iy ¢ YE{ ).

Resonant Screen
A form of horizontal ecreen which uses the principle of
resonance to produce ita motion.

Retention Time
mthnmyﬁmwrﬁchdmuddi-umuynm
screen surface.

ting Screen

10

20

30



VIBRATING SCREENS | Terms and Definitions ==

Shoot-Wire

Wlmmﬂn(ammvﬂmblm-do&,nw
Also kmown as 1L, iller, shute, weft or woo! wires

Side Stagger (See Reiated Term: End Stagger)

A term wed to describe & perf d fi ion of elon-
gated spectures whers the long axes of the spertures fail
in line ont every row, but the short axes of only every other
row fall in line; ie., “staggered” when looking iato the side
of the sperture.

= s

Side Stagger
Side Tension
Tensioning of & i ! acroes the directicn of
materisl Sow.
Sideplate

Structural compenent of vibrating {rame to which vibrator
and decks are attached.

Sieve (See Preferred Term: Testing Sieve)

Sieve Analysis

A statement by perticle size and percentages of the amount
of material in verious particle size groupings.

Sieve Bend (See Related Term: Stationary Sieve)
Stationary, profile wire surfece usually baving a curved
portion.

Sieve Ratio
The retio of the aperture of a given testing sieve, to the
aperture of the next finer testing sieve, in s given sieve scale.

Sieve Scale
A Jist of ap of ively 1| ing sur-
faces, used in s

Sigve Series
A standardized sisve scale.

Sitter

A screen with rotary motion substantially in the plane of
the scresniag surface.

1435

Sink (Product)
The heaviest weight rial fraction from a ity sepe-
ration.

" Size Consist (See Preferred Term: Sieve Analysis)

Sizing (See Praferred Terms:
Scresning and Separation)

Skid Bars

Longitudinal "

hod to top of screening surface.

Skirt Plate

A member attached to the cide-
pista abeve the ecreening surfacs,

Skirtboard (Stationary)
. A ber supported indspend.

of the vibrating body, above the

top deck, inside the sideplates, to
. clow of ial

Slope
The angle with the borisontal mede by the first or top deck
screen section(s). Must be specified as uphill er downhiil.

Siotted Opening (Screen Cloth)—
See Preferred Term: Rectangular Opening

EXHTBIT "14"-Terms and Definiticns
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VIBRATING SCREENS | Terms and Definitions

Revolving Screen

A cylinder mounted on rollers. on
a shaft with the screen surfece

i the cir g Alse
known as trommel, scrubber, or
barrel screen.

Right Hand (See Related Term: Hand)

Rinsing
Washing of fines or foreign material from the feed.

Rod Deck

A type of screening surface Uruaily made up of round rods,
arrenged pareilel to esch other, replacesble individually
or in small sections.

Round Hole Equivalent

The dimansions of any shaped opening in e screening sur-
foce, that will make ewentally the seme separation as
pecified round hole.

Scaiper
A vibrating screen used for scalping st any aperture.

Scaiping

Strictly the removing of a small amount of oversiss {rom
o feed which is predominsntly fnes. Typically, the removsl
of oversize from a (sed with approxi ly & i of
$% oversize, and s miné of 50% half-si

Screen (See Related Terms:

Shaker, Sifter, and Vibrating Screen)
A machine with scresning surface(s) used to classily ma-
terials by size.

Screen Box (See Preferred Term:
Vibrating Frame)

Screen Cloth (See Preferred Term:
Woven Wire Screen Cloth)

Screen Section
A finished piecs of i rt, lots with edge or
other preparstion.

Screening .

A mechanical process which accomplished » division of
particies on the basis of siss, and their scceptance or re-
jection by & screening surface.

Scresning Surface

The medium containing the apertures for passage of the
undersize material.

Seal (See Preferred Terms:
Bearing Seal and Dust Seal)

Seal Strip

e ding) .

T v or !
joint and/or end of screen sections.

or

SCREEM CLOTH

Seivage
A fnished edge of woven wire screen cloth produced in
the wesving process of the Aner meshes

Separation

mmdkmnelurﬁdnbdnumudu-m
Muhgnhadilhmtmnmm«u-d
through if smailer.

Shait Casing

P! cting the vibrator shait(s) end
normally ding b the sidepl

Shaker

A ocreen with reciprocating motion.

Shear Maunts
Resiliant supports, asuaily rabber, where the fexible mem-
ber is loaded in sheer.

10
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Snubber

A Rexible device that restricta motion.

Space Cloth
Denotee clase of scresn cloth, the epecification for which is
determined by measuring the opening, rather than “mesh”.

Speed
The fi at which @ ing screen op iy
expressed in rpa or cpem.

Split Deck (See Preterred Term: Divided Deck)

Square Mesh (See Preferred Term: Mesh)

Square Opening (See Preferred Term:
Space Cloth)

1437

Q'
Stabilizer (See Preferred Term: Friction Check) !

Stapling
The obetruction of the epertures by loog fibrous material
looped over the wires or bare of the ecreening suriace.

Start-Stop Bouhce
A condition of & M
TONNANCE.

(stroke) when pessing thru

Stationary Enclosure

A type of dust enclosure supported independent of the vi-
brating frame.

Stationary Sieve .

A ing surf 1y employing s prodile wire, com-
monly sloped.

Step Deck

A series of ing wurf each | d in progessively

lower parallel pl.nn:- sloag the vibrating screen.

Step Washing Plates (See Preferred Term: (_‘,
Trough)

EXHIBIT "14"-Terms and Definitions
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Straightline Motion (See Preferred Term:
Horizontal Screen)

Stratification

The p: or ph hereby the larger size particles
rise to the top of a bed of materiai being shaken or vibreted,
while the smaller size perticles sift through the veids and
find their way to the bottom of the bed.

Stroke (See Related Term: Amplitude)
of

The di b the itd 3 vig., the
i of & circul o

Alo used symonymous with “metion”; vizs., ight-li
“stroke”.

Stroke Card (See Related Term: Stroke indicator)
Card on which the motion of the screen is inscribed. Ac-

lished hing cerd to sideplate and holding a
stationary marker against the card.

Stroke indicator (See Reisted Term: Stroke Card)

A device sttached to the sideplats from which stroke can
be read directly.

Support Bar
Members of the screening surface support framae, that form
the crown of the deck.

Also known s ber reil, bridge rail, bucksr-up bar, or longi-
tudinal bar.

-

Support Bar

- of the Vibr e
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Support Frame

A g frame which supports the screening

Support Tray

An essily removadle unitized form of suppoert frame.

Surface Moisture
The Alm of liquid (usually water) adhering (o the exposed
surface of the particle.

Suspended Screvn

A screen hung from overhesd.

Sympathetic Vibration
The motion of » member or structure in resonance with »
transmitted vibration.

Tailing

Waste product in ore

Tension Bolt (See Related Term:
Wedge Boit Tensioner)
Threeded bolt used with tension member.

Tension Member

A genersl term for any of a number of devices which en-
goge the edge of the screen surface, and pull it taut over
the support {rame.

Tension Plate (Board)

Type of 1 that is § d above the [3
surfece and cloves the gap between the edge of the screen
surface and the sideplate.

EXHTBIT "14"-Terms and Definitions
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Tension Plate Stop

A smail block or bar attached to

the inside of the sidepiate to limit
d of a H

TEMSION
PLATE
=14

14
plate.

rension Skirtboard (See Preferred Term:
Tension Plats)

rensioning
he hing of the ing surface within the vibrating
rame.

resting Sieve
\ cylindrical or truylike container with & screening surface
ottoen of standardized apertures.

“hrow (See Preferrad Term: Stroke)

‘hrus (Product)
“he actusl materiel that passes thru a screening surisce,
ncluding contamination.

‘hrust Ring (See Preferred Term: Filler Ring)

‘otal Moisture
“he sum of inh and surt! A

‘otally Enclosed (See Preferred Term:
Dust Enclosure)

‘ray Deck
» sasily removable unitized form of deck.

‘rough (Repulping or Washing Trough)

.mnm.-ﬂidh&mummm

Tube Housing (See Preferred Tcr:m:
Shait Casing)

Two Baaring

Raefers to any vibrating unit that employs a single shaft
with two besrings.

U-boit (See Reiated Term: J-boit)

A fastening device which engages & support bar and holds
down the screening surface.

Unbalanced Pulley (Screen)

Type of screen on which the stroke is detevmined solely by
the counterweight.

Undersize

Material having particle size smaller st Jeast in one di-
maension than e specified aperture,

Veil Piate (See Preferred Term:
Blank Plate Section)

Vibrating (See Preferred Term: Vibrating Screen)

Vibrating Body
Complete vibrating screen other than stationary items.

Vibrating Enclosure
Aqwddmtoml«mvmbood-.«nn.wpum
sttached to the vibnuulnnouui-ugnlm
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VIBRATING SCREENS | Terms and Definitions

vibrating Frame
C k ’tr I p of a vib unit primarily
composed of sideplates and cross members. Does not in-
clude vibrator, shaft casing, mounting or uspension perts,
and non-structural appurtenances.

Vibrating Screen
Amﬁmmﬁmin-v-ﬂialphuwhkh P

Wiper Sirip (See Related Term:
Drip Angle or Strip)

A ber below the ing in

and/ or longitudinsl supports, to deflect liquid.

)

with it

Wire Rope Stabilizer
Weights tMl sre -t'udud to wire 7opa suspension cable to

generally above 600 rpm at less then 1° stroke.

Vibrator (See Related Term: Exciter)

The stroke ind i of any vibeating equip-
ment, hanical or el gnetic. S incor-
rectly uved to designats vibrating screen.

Vibrator Tube (See Preferred Term:
Shatt Casing)

Warp Wire
Wires running parailel to length of cloth, ss woven.

Wedge Boit Tensioner
A tlotted bolt and wedge essembly used with tension
member.

Wet Screening
Separation of material with the sddition of vehicles such
a3 water.

1440

pr their Also known st inertia weight.

Wire Rope Suspended (See Preferred Term:
Suspended Scresn)

Withflow

Rotation of the vibrator shalt such that the top of shaft is
ting toward the disch and of the hi

Withflow

Woven Wire Screen Cloth
Aqwolm«ﬁn(ndm.minqun.mﬂnnhxw
slotted openings.

" EXHIBIT "14"-Terms and Definitions
0 ating Screen
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VIBRATING SCREENS | Terms and Definitions

APPENDIX “A”

tfficiency of Screening

Jince “the job” in every case is to get Undersize in the Feed 10 pers through the Screening Surlece, the definition in the text
» this book is s basic one, following the concept of all Efficiency definitions; vis. wock or result out divided by work of

potential in.

However, many other f foe, and © s of, S ing Efficiancy have been offersd and are in various use. Some

nvolve the concept of “difficult” panticies or “Near-Size.”

One other genersily recognized formuls iv foc:

9, of feed (or amount) which is oversize

Efficiency of Removal =
% of feed (or amount) which actusily passss over

Retuming to the definition used in this text:

EMm is the pe ¢ of the Undersi inand,uutnexullynm-mm-Scnoanudnu.u

A : %, of leed (o¢ smount) which actusily passes thru
Efciency (of Undersize Recovery) =
%%, of [eed (0 smount) which is undersize (should pass thru)

There is & very convenient way 10 determine the Efficiency of a Screen Seperation “in the feid.” Obtain simultaneous samples
of the Feed and Overs product, run ¢ size breskdown or sieve enalysis of these two samples, and apply the {ollowing formule:

b

Eficiency = oo
s (100-b)

Where s = percent Undertize in Feed
b = percent Undersise in Overs Product

EXHIBIT "14"-Terms and Definitions
ating Screen
1 4 4 1 Manufacturers Association 1967



IN THE SUPREME COURT No. 2313 of 1982

OF WESTERN AUSTRALIA

" EXHIBIT "15(1)"-Affidavit of Robin.
Fohn Batterham dated. 25.5.83

IN THE MATTER of an Agreement between
TANGLEY  “GEORGE HANCOCK , ERNEST
ARCHIBALD  MAYNARD WRIGHT, WRIGHT

PROSPECTING __ PT1Y.  L1D.,  HARNCOCK

PROSPECTING PTY. LTD, two other
companies and HAMERSLEY IRON PTY.

LIMITED

BETWEEN:
HAMERSLEY IRON PTY. LIMITED Plaintiff

AND
LANGLEY GEORGE HANCOCK First Defendant
ERNEST ARCHIBALD MAYNARD WRIGHT Second Defendant
HANCOCK PROSPECTING PTY. LTD. Third Defendant
'WRIGHT PROSPECTING PTY. LTD. Fourth Defendant
L.S.P. PTY. LTD. Fifth Defendant
THE NATIONAL MUTUAL LIFE ASSOCIATION

OF AUSIRALASIA LIMITED Sixth Defendant
AFFIDAVIT

I, ROBIN JOHN BATTERHAM of 9 Moorna Court, Mt. 'Eliza in the State of
Victoria, Research Scientist, make oath and say as follows:

1. (a)

(b)

I hold the degrees of Bachelor of Chemical Engineering (1965) and
Doctor of Philosphy 1in Chemical Engineering (1968) from the
University of Melbourne. I am .a Chartered Engineer (United
Kingdom), a Member of the Institution of Chemical Engineers (United
Kingdom), a Member of the Iron and Steel Society of the American
Institute of Mining, Metallurglcal and Petroleum Engineers and a
Fellow of the Australian Institute of Instrumentation and Control.

After completing my doctorate I spent two years with the Corporate

Research Laboratories of Imperial Chemical Industries Limited in
the United Kingdom on a post-doctoral fellowship awarded by the

e /W%

;2f;z31/75%=A; '  ) ”6~V\~an«a~ é;vALVJAnJ\——
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T " EXHIBIT 415 (1) "-Affidavit of Robin
1442 . JoFn Batterham dated 25.5.83
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(c)

(d)

Commonwealth Scientific and. Industrial Research Organisation ("the
csIRO™). I then took up duties with the CSIRO, spending a period
on projects involving the Australian sugar industry before becoming
involved, from 1973, in the work I am now doing in the mineral area.

Since 1980 I have been Section Leader of the Chemical Engineering
Section of the CSIRO's Mineral Engineering Division and in 1982 1
was made a Senior Principal Research Officer. The Chemical
Engineering section concentrates on the optimisation and control of
large-scale mineral processing in Australia and works in close
collaborafion with both producers and processors. Much of the work
involves the development of mathematical models and the validation
of their predictions against operating blants: Both development
and validation of the models necessitate the detailed and accurate
measurement of operating blants and a thorough knowledge of their
practical working. The measurements are made in the field at the
operational sites and have required lengthy visits by me to iron
ore processing facilities, including those at TomsPrice, Paraburdoo
and Dampier, Whyalla, port Latta/Savage River in Tasmania and
Newcastle as well as to non-ferrous concentration and smelting
plants at Cockle Creek and Mt. Isa. In the course of my duties in
the Mineral Engineering Division I have also visited numerous iron
ore crushing, screening, concentrating and procéssing operations in

Sweden, the Netherlands, France, Belgium, the United Kingdom,

Canada and the United States of America. In addition I have
visited research centres concerned with crushing, screening and
processing in most of those countries.

I am the author of approximately 50 technical reports and a greater
number of technical papers covering the various projects in which
my Section has been involved. I have presented seminars at various
university departments of ‘mineral processing oOT metallurgy
including those at Imperial College (London), the University of
British Columbia, the University of California, Pennsylvania State
University, the University of Utah and various Australian
universities. In 1982, 1 co-chaired an international conference on

Comminution in Hawaii.

PPN _
o aggee [ R

1
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2.

(e) I was a consultant to Mitchell,thts/Minenco, the Joint Venturerl
responsible for the design of the Tom Price concentrator and one of
the projects referred to in sub-paragraph (c). above involved me in
a detailed study of the screening and ore handling operations at
all of the Plaintiff's operatiomal sites, including the running of
screening tests over 3 long period on the sites and research into
the effect of moisture on screening. I have inspected the Tom
price concentrator in detail on a number of occasions, my most
recent visit being in March, 1983.

I have been asked to advise the Plaintiff 1in relation to these
proceedings and 1 have read, and ask leave to refer to, the Affidavit of
Colin Roy Langridge sworn on 2nd September,"l982; the Affidavits of
Niles Earl GrosvenoT and Peter Forbes Booth both sworn on 27th October,
1982, the Affidavit of Alban Jude Lynch sworn on 22nd May, 1983, the
Affidavit of Arthur Noel Pritchard sworn ©ON 24th May, 1983 and the
Affidavit of Douglas Frederick Tompsitt sworn on 24th May, 1983 all
filed herein. I have also examined the exhibits to each of those
Affidavits, including the Agreement which 1is ngExpibit CRL 1" and the
photographs which are ngxhibit OFT 1".

1 say without hesitation that in my opinion pr. Lynch is the leading
authority in Australia on mineral processes. His expertise in this area
is well recognised both internationally and within the Australian mining
and mineral processing industry. His reputation is based on his close
familiarity with the operations of Australian mineral processors and his
understanding of the significance and objectives of each stage in
mineral dressing operations. Mr. Pritchard is also well known to me and
is recognised throughout the Australian mining and mineral processing
jndustry as having long - experience in and a thorough and extensive
practical knowledge of screening processes and their application.

I agree with the conclusions expressed by Dr. Lynch in paragraph 9 of
his Affidavit and with the reasons he gives for those conclusions and,
except that I have no direct knowledge of the industry before 1973, with
paragraphs 5, 6, 7 and 8 of Mr. pritchard's Affidavit. Like them 1 am

.not aware of any iron ore processing plant where a wet process was in

use in 1962 or is in use now solely as an adjunct to crushing and
screening, without some further process in y%ew.

WW/W/%/ s e Bt

. 1

L 8757983

P BIT' "15 (1) "-Affidavit of Robin
1444 .- - Jobn Batterham dated 25.5.83

1t



.In the cpntext of' irpn I‘ore. p;ocessing‘ it. is artificial to exclude
crushing and screening fron other forms of beneficiation because they
are integral parts of the process of progressive béneficiation of the
ore on its journey from mine to smelter. A distinction may however be
drawn by reference to the fact that crushing and screening are
.peneficiation processes concerned with size as opposed to beneficiation
processes concerned with some other characteristic such és the removal'
of impurities. If water is added a form of beneficiation results which
is quite independent of upgrading on the basis of size. The chemical
upgrading 1is also of a different order. 1 adopt what Dr. Lynch says in
paragraphs 6 and 7 of his Affidavit and would simply add the following
by way of amplification. '

particles of ore can be held together by van der Waals and electrostatic
forces and capillary pressure. van der Waals force is the natural
attraction that exists between molecules at close proximity.

Electrostatic force operates by virtue of the attraction between
molecules with positive charges and molecules with negative charges.

Clay molecules tend to hold and transmit such charges- very efficiently.

Capillary pressure exists where there is moisture in the ore. The
moisture forms a bridge between small particles and, because of the

surface tension it creates, binds them into larger agglomerate pieces.:
Molecules of clay tend to absorb moisture very readily. There is a good
deal of the clayey material referred to by Mr. Langridge in the

concentrator feed at Tom Price. :

van der Waals and electrostatic forces are effective in making particles
stick only as long as stronger forces do not drive them apart. Water at
high pressure will often drive such particles apart when. mere agitation
on a screen would not be enough to do so. In a process like that in the
Tom Price washing and screening house the water not only drives apart
relatively small particles held to larger particles but also relatively
small particles held to each other by ﬁhose two forces. Because bonding
by capillary pressure depends on the presence of limited moisture, the
capillary effect can also be destroyed by flooding the bonded particles
with enough water to break the surface.tension between the particles.
Each of these three forces and their elimination are dependent on
‘surface properties rather than the sizes of the particles on which they

operate. /LA/
B ATNIEZ o /&&w ot Betdo—
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8, Because heavy Amed}a I‘cow::ent:.ratj.on is  a wet process the very first
wetting of the ore must, in.my opinion, be seen as the start of that
process. In order for the ore to be treated in the drums, cyclones and
WHIMS water must be added sufficiently prior to those units to allow the
release of the fine impurities and fine recoverable particles which
would otherwisé harm the heavy separation medium_ and impede its later

recovery for future use.

9. If a size sép'aration of the ore between 30 and 80mm from the -30mm
fraction were the only objective of the top primary screen, water would
be unnecessary because the screen apertures for a ‘cut at that size would
not become choked by the smaller particles. They would simply fall
through as undersize. "Exhibit NEG 1" shows that more than half the
water used in the washing and screening plant is introduced prior to or
on the top screen deck. The purpose and effect of doing so can only be
to maximise the time during which all the ore is subjected to water soO
that a thorough break-down of water-active shales takes place and a
separation and cleaning of the fine particles is effected.

10. The photographs in wExhibit DFT 1" referred to in paragraph 2 above,.

were taken by Mr. Tompsitt at my request and show the progressive effect
of water on the concentrator feed. '

SWORN by the said ROBIN = )
JOHN BATTERHAM a%ﬁ,ézcii}'% o |
in the Stat / ,oyiﬁzwz) «ML,, %@ ML\A_ .

of
this ,Z,,{;"o/z day of‘0/ 4
1983. )
Before'me:
-~ ]
’ 74
' - A Justice of thé\ﬁéace -

S %
gy
| : WA X
Filed on behalf of the Plaintiff. ’{‘«\,W'T$

EXHIBIT "15(1)"-Affidavit
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EXHIBIT "15(2)"-Ammended paragraph 5
.£0 the Affidavit of Robin John
Batterham dated 25,5.83

DR. R.J. BATTERHAM'S AFFIDAVIT

In the context of iron ore processihg it is artificial to exclude
crushing and screening from other forms of beneficiation because they
are integral pafts of the process of progressive bereficiation of the
ore on its journey from mire to smelter. A distinction may however be
drawn by reference to the fact that crushing and screening are
beneficiation processes concerned with size as opposed to beneficiation
processes concerned with some other characteristic such as the removal

of impurities. If water is added, an element of bereficiation results

which is in addition to and causally distinct from the wpgrading
resulting from screening according to size alone. This will reflect in

chemical analyses differing in the two cases. 1 adopt what Dr. Lynch
says in paragraphs 6 and 7 of his Affidavit and would simply add the
following by way of amplification.

EXHIBIT "15(2)"-Ammended paragraph 5

-to the Affidavit of Robin John Batterham

1447 - dated 25.5.83
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E?HIBIT "16(1)" - Diagram showing simulation
Of scrubbing and screening of T i
Concent:ator J on Frice

SIMILATION OF HI SCRUBBING . SCREENING

uc #1 c calculated
W weight
F % Fe
SAMPLE
SPLIT
Sample for Natural Screening Sample for Wet Screening
Screening (100w, 58.2F)c (100w, 58.3F)c
Dry Screen for 1 Min. /et Screen for 1 Min.
+30 -30+6 -6 +30 =304 -6
g N/ Vg N N NP
DRY DRY DRY DRY DRY DRY
\L/ WV VvV N\~ WV N
(Ow, - F) (41.6W, 60.6F)c (58.4W, 56.4F) (5.0w, 68.2F) (33.2W, 60.6F)c (61.8wW, 56.3F
(41.6, 60.6)c | (38.2, 61.6)c
DRY SCREEN DRY SCREEN
-30+6 , -6 -30+6 -6
(38.2w, 61.2F) (3.4W, 54 .3F) (32.3w, 60.7F) (.9w, 58.01F)

EXHIBIT "16(1)" - Diagram showing simalation
1448 of scrubbing and screening of Tom Price
Concentrator




EXHIBLY " +b(2) " - Diagram showing sinmlation.
of scrubbing and screening of Tom Price
Ceoncentrator

SiMJLATION OF HI SCRUBBING, SCREENING -

14C #2 c calculated
W weight
F % Fe
SAWLE
SPLH\
Sample for Natural Screening Sample for Wet Screening
Screening (100w, 57.9F)c (100w, 58.1F)c
N\ .
Dry Screen for 1 Min. Wet Screen for 1 Min.
/ N \ / AV \/
+30 =30+6 -6 +30 -30+6 3
J g \L \L N %
DRY DRY DRY DRY DRY DRY
\L/ \\ Vg l/ \L \{/ N

(6.1W, 57.6F) (36.7W, 60.4F)c (57.2W, 56 3F') (4.5W, 60.5F) (31.3W, 62.2F)c (64.2W, 55.5F

(42.8, 60.0)c (35.8, 62.0)c
DRY SCREEN \/DRY SCREEN
-3046 - -3046 \/
(33.84, 60.5F) (2.9%, 54.7F) (30.3W, 62.3F) (1.0W, 59.5F)

- EXHIBIT "16,(2)" - Dz.agram showing sirmulation.
of scrubbing and screening of Tam Price
1 4 4 9 Concentrator




EXHIBIT "16(3)" - Diagram showing simulation
of scrubbing and screening of Tam Price
. Cancentrator

SIMILATIGN OF HI SCRUBBING, SCREENING.

50C #1 c calculated
W weight
F % Fe
SAMDLE
SPLH\/
Sample for Natural Screening - Sample for Wet Screening
Screening (100W, 62.2F)c (100w, 62.7F)c
N
Dry Screen for 1 Min. Wet Screen for 1 Min.
N \\Sﬁy/ ncf////, \1’ \\\iu/
+30 L3046 -6 -30+6
4 \\’d : \l/ N\ \L’ \1/
DRY DRY DRY DRY DRY DRY

A N

(7.8w, 64.5F) (8l.4W, 62.1F)c (10.8w, 61.2F)  (5.0w, 63.5F) (72.6W, 64.3F)c (22.4W, 57.4F

(89.2, 62.3)c (77.6, 64.2)c
DRY SCREEN . DRY SCREEN
=30+6 -5 =30+6 : -6
(73.00, 62.7F) (8.4W, 56.8F) (71.2W, 64 .4F) (1.4W, 60.3F)

'EXHIBIT."16(3)" - Diagram showing simulati
of scrubbing and screening of m&i Price -
1 4 5 U Concentrator




EXHIBIT "17" - Copy ChapterIQ fram "Mineral

Processing” by Pryor

p———

CHAPTER 9

INDUSTRIAL SIZING AND SORTING
Preliminary '

Sizing, as performed on screens, grades material according to the minimum
cross-section presented during the time of passage across the meshes of the
screen cloth. The regularity of the industrial product is dimensional, and
takes no account of difTerences between the weights of the particles in a given
grade. “Sorting™, or as it is more usually called classification. discriminates
between the behaviour of particles in a fluid and grades them according to
their surface, volume, and density. Since ores contain particles of varying
densities, this is not a sizing operation. The Auid mostly used is water,
though high-density salt solutions are employed for special purposes. Mate-
rial required in a dry state may be sorted by floating it in air currents of
controlled strength.  Screening is only used for comparatively coarse material,
as the rate of treating large quantities of ore becomes slower when fine-meshed
screens are used.  Wet screening is practised commercially down to 65 mesh,
but industrial dry screcning is rarely carried below 20 mesh. Classification
can be used from coarse-sand sizes down to well below 200 mesh. Fine
particles (say —~—20 mesh) must have Nuid mobility if they are to be sorted,
and these conditions cannot be contrived with a long-ranged dry feed sub-
jected to screening.

Ore may be screened for any of the following purposes:

(@) To retain oversize in a given section or circuit. and thus prevent it
from being fed to a machine not suitable for dealing with it.

(5) To remove undersize from the feed to a crushing machine set to treat
bigger lumps.

(c) To grade rock into specified sizes.

(d) To present a correctly sized feed 10 a concentrating process.

Classification is used to:

{¢) “Scparate ore into relatively coarse and fine fractions by exploiting
ditferences in settling rates.

(f) Split a long-ranged feed into fractions settling equally.

(g) Close grinding mill circuits so that no particles escape from them
into the concentrating section of the plant unil they have been
reduced to the desired sizes.

() Remove or scgregate slimes.

(/) Regulate size-range fed to a process.

10
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/mrocr.‘.rillp— Industrial Sizing and Sorting

Action on the Screen

The purpose in screening is to hold as oversize all particles 100 large in

their minimum cross-section to pass through the apertures. and to et all

smallcr ones drop through as undersize. The separated products are then
sent to their next processing point by independent routes..  The behaviour of
a particle upon the screen depends chicfly on the relationships listed in Table
13.  Consider first the ratio of its cross-section to that of the meshes (a).
A relatively small particle has no difficulty in falling through, but the ncarer
it approaches “retaining mesh™, the more difficulty it has in hitting an un-
occupied mesh centrally with a suitable presentation.  Shape plays a part,
the fairly equidimensional particle having a better chance than the acicular or
tabular one, uniess the screens have been chosen to assist such shapes.

TanLE 13

(a) Ratio between cross-section of particle and of mcsh.
(h) Percentage of screen area open.

(¢} Angle of incidence of feed.

{d) Efficiency of sprecad of feed over screen area.

(¢) Kinetic cnergy of particle approaching screen opening.
(/) Moisture of ore feed.

(#) Stickiness of particle and of aggregated particles.

(k) Pressure of particles riding above those next the screen cloth.
(i) “'Blinding™ of screen apertures.

(j) Corrosion of screen material.

(k) Electrostatic ““bunching™.

(N Shape of particle. .

{m) Percentage of *“*near-mesh™ particles in the feed.

(n) Rate of feed. thickness of layer, tautness of screcn.

(n) Shape of screen aperturcs.

(») Motion imparted to particle by screen vibration.

Square-meshed cloth does its best work when set horizontal. but the shak-
ing movement imparted to it must then have a forward transporting com-
ponent. Oblong meshes are often used for feed which is moist or clayey.
and for needle-like particles. If the feed tends to “blind™ the cloth. the long
axis of the rectangle is set in the dircction of flow, Square mesh is usual
with tabular material. The percentage of screen arca open (4) depends on
weave, diameter of screen wires, and shape of aperture, For a given mesh
various ratios of opening are availablc. (c) is concerncd with the mode of
arrival on the screen. Ideally, a particle would fall with its minimum cross-
section normal to the aperture and at ncgligible velocity. In practice. it
competes with a crowd of other particles of random shape and sizc. falling
along various trajectories. Hence item () is most important, since the wider
the entering feed is spread. the casier will it be for a particle to find unobstruc-
ted passage to the screcning surfacc. Since this is so (¢) should be low.
A particle flying ncarly horizontally toward the screen is most likely to hit
the layer of feed with its broadest dimension and to slide down an top, with
no early chance of burrowing its way down. (/) and (g) vary with climate

EYHIBIT "17" - Copy Chapter 9 from "Mineral

Processing" by .Pryor
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Mineral Processing—Industrial Sizing and Sorting 181
and working conditions and to some extent can be compensated by using
slightly larger screens in the monsoon season. (h) can aid the work where
the screen cloth has little or no vertical motion, but when the action is de-

signed 10 “*'dance™ the feed along, it exerts what is on the whaole an undcsirable.

damping pressure. (/) arises partly from near-mesh material and is worst
in closed—circuit work (nt) where the return particles tend to be close to
“refease-mesh’’ and so to be retained. Such material prevents the passage of
true undersize and cuts down the capacity of the screen, so that it is usually
found desirable to provide more generously for screening in closed circuit
than in grading open-circuit ore, or (0 usc a screen aperture greater than the
set of the crusher. (j) introduces roughness along the wires, and gresatly
increases the proneness to “blind™ and to resist clearance of the blinded
aperturcs. Corrosive pitting is lessened when the ore can be neutralised
with lime, or if a resistant alloy is used for the screen wires. (n) affects the
resistance the upper particles must overcome in penetrating the feed bed,
while the tautnees of the cloth decides how vigorously and widely the shaking
and tossing action of the agitating mechanism is transmitted to this bed.
Finally (p) can be modified on some mechanical screens to allow any varia-
tion in the vibratory orbit of a [ree particle from countercurrent to con-
current. With clectrically vibrated screens the upward movement of the
cloth, as it vibrates normal to the direction of flow, can be terminated by
abrupt arrest, thus “unblinding™ the cloth at each stroke. This action is
not possible on mechanically shaken screens, which can, however, be assisted
in keeping open by the slapping action of rubber cords stretched below,

Types of Scparating Surface

The grizzly (Fig. 17) was described in Chapter 3. Robustly built screens
(Fig. 70) are also avaitable. The onc shown can handle up to 1000 tons of
large rock hourly with far less loss of head than would be possible on the
static surfacc of a fixed grizzly. The machine must stand up to rough treat-
ment and the impact of heavy rock.

Punched screen is used for many purposes (Fig. 71). A variety of shapes
is manufactured, circular openings being recommended for coarse work and
slotted ones lor fine.

Woven-wire cloth is widcly used in the range hctween 3° and 200 mesh.
Various shapes of aperture, crimps and weaves are available (Fig. 72). Steel,
stainless stecl, monei metal, copper, and bronze are the chief metais from
which cloths are made. For delicate work at fine meshes, dry material is
sometimes sieved through silk or nylon. For special purposes very fine
square-meshed screens are made by clectro-forming instcad of weaving.
They are sold in 100" lengths three feet wide, with hole diameters in the range
251 down to 2{u. The screen surface is nickel. on a copper base. Con-
ventionally woven materials of construction include mild steel, brass, phos-
phor-bronze. copper, copper-nickel, nickelchrome, austenitic stainless steel,

galvanised and tinned mild steel. In milling. steel screen wire should not’

be used to treat acidic and corrosive ores, unless it is first protected by being

'EXHIBIT "17" - Copy Chapter 3 from "Mineral

Processing” by Pryor
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Fig. 70. Vibrating Bar Grizzly ( Nordherg /\Ignu[acmring Ca.)
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Fig. 711. Types of openings, Punched Screens
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Mineral Pro}:c.t.tlnp—/ndu.mlal Sizing and Sorting 183

given a suitable plastic coating. Where corrosion is not serious, high carbon
steel is suitable, being strong and hard wearing., Maximum capacity of
screens with oblong apertures is obtained by using them with the long side
of the mesh set across the flow.

Neon. Biing Werve Squere Opening
(Long Sior) Hot Top Weare

Fig. 72.  Types of Woven Screens
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I

n Table 14 the recommended wire diameters for screens with openings
from }° to 47 are given, together with percentage open arca. The screen
area required for a given feed tonnage can he cstimated by use of the graph
in Fig. 73. The appropriate curve is selected and the screen area (sq. L. per
ton per hour) is read for the required linear opening (ordinate)-or square-
meshed screen<cloth. The area figure (abscissac) is then multiplicd by the
tons per hour to be screened. The curves are representative where the feed
contains less than 659, of oversize and where about 50% of the undersize is
about half the screen-size opening.

TARLE |4

STANDARD, COARSE SCREEN SPECIFICATIONS

Recommended by the Division of Simplified Practices, U.S.
Department of Commerce, for screening of mincral aggregates

Wire Diameters
Medium Medinm
Light Medium Heavy Heavy
Opening

Wire % Wire % Wire Ve Wire A

Diameterd Open | Diameten Open | Diameterl Open [Diamcter{ Open

Inch | Arca Inch | Area Inch | Areca Inch | Area

4 -500 19-0 623 74-8 -750 70-9 | {-000 ~4-0
k2 4378 | 79-0 -500 76-6 625 72:0 -750 678
Ry 4375 | 76-2 500 73-5 6235 685 150 640
28 -378 774 4375 | 744 -500 71:6 | 625 664
24 -375 756 4335 | 724 -500 69-4 62S 64-0
24" 375 734 4375 | 70-1 -500 66:9 ‘625 61-2
2 ‘3125 | 748 -175 709 4375 | 673 500 64-0
13° RIPARENIE )78 67-8 4375 | 640 500 60-5
lj' -250 734 3125 | 6R-S ‘375 64-0 4378 | 599
I -250 71-5 3125 | 645 375 61-6 4375 | 57§
Ii' 250 69-4 3125 | 640 375 59-2 4175 | S4-R
1§ -228 69-6 -250 670 ‘1128 | 610 378 557
1° -228 66-6 -250 640 3125 | 580 178 529
;' -207 65-3 | 225 633 -250 60-% -3125 | 84°)
- ‘192 634 207 614 250 56-3 ‘125 | 498
y 1477 60-7 4192 58-S -228 $4-0 -250 510
l’ 162 571 177 54-5 192 §32 207 49-8
}l;' <148 55-8 ‘162 512 177 0.7 (192 481
” 13§ 841 <148 std <162 487 1717 461
*° 1120 52:2 138 48-8 -14R 460 162 434
t 105 49-6 120 45-A <138 422 -14R 19-4
% ‘0RO 499 092 451 120 372 <1318 ARD
t 054 487 072 40-2 092 134 105 29-5

Heavy wire recommended for trommels.
Medium heavy for high spced vibrating and shaking screens.
Medium light and medium (or other vibrating screens.
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In addition to the foregoing, rod-deck screens are used for coarse work.
The rods are sprung into place and can be changed individually. Wedge-
wire screening is employed for some purposes. It is strong and can be made
with small apertures. The blunt sides of the wedge strips which form the
separating surfacc are upward, so that material passing flalls clear without
“blinding™. Many other wire shapes are obtainable.:

When a long range of sizes is being fed to a comparatively weak or light
screen, a robust coarse screen should be mounted above it to form a double-
decked system in which the heavier picces do not reach the second deck.
A delicate screen can be supported by a coarser backing screen bencath.
The apertures in punched-plate screening may be round, square, rectangular,
or oblong with rounded ends. the last-named being less prone to blind than
holes completely circular. These screens are made of steel, steel alloy, brass,
monel, copper, or bronze. If openings are disposed in an equilateral tri-
angular pattern, the maximum ratio of opening to total surface is obtained.
The stouter the plate, the closer can be the openings and the longer the service
life. Against this must be sct the fact that the thicker the plate the greater
the proneness to blind, and the higher the initial cost. This blinding with
increased thickness is still more noticeable with woven wire.

The selected aperture depends on the working requirement, while con-
structional strength depends on the nature, size, and loading of the feed.
The ratio of aperture to screen area is not, therefore, a function of the mesh
in commercial screens, For instance, an 8-mesh screen woven from thin
wire can have 24 %, more screening arca than a 6-mesh weave in thick wire,
Hence, the opening required dominates specification as regards size of pro-
duct. but the total amount of screen capacity available at any point in the
flow-sheet depends partly upon the thickness of weave of the selected mesh,
Screens undergo such rough treatment that their working life may be meas-
able in hours in extreme cases. Flow of ore must be interrupted while a
broken cloth is being replaced. This consideration affects the choice as
regards robustness of wircs.

Screening Machinery

Since scparation must be made of all sorts of feeds, varying in condition
from the compictely dry to the sticky, clayey, or “porridgy'’, cach ore pre-
sents its awn screening problems. Capacity, cfficiency. mesh size, and wear
rate are relative to the specific ore and should dictate the choice of appliance.
The Nat grizzly is used to retain large oversize which might cause trouble if
allowed to continue to the next point in the flow line. It is sturdy enough to
act as an anvil if such oversize is to be sledged down by hand, or can operate
in conjunction with any required breaking arrangement.

The inclined grizzly is sloped between 25° and 39° if it delivers its oversize
1o a crushing machine, the gradient being chosen to allow sliding control by
means of hand or chain feeders. If the oversize is to run to the crusher free
of control, a slope well in excess of 35° from the horizontal is usual. For
dry quartz 45° should suffice, while sticky or moist rock might need 50° or
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Thore. Grizzlys are simple and strong, but are wastcful of hcadroom.
The general types of separating device are presented schematicaily thus:

Wet and Dry Screens

i I
Fixed Moving
|
I IS l l
Flat Inclined Revolving  Shaking  Conveying
Vibrating
l
Mechanical Electrical

The roll grizzly consists of a scries of grooved rollers driven by sprocket
and chain unidirectionally in a supporting frame, the specd increasing from
entry end to discharge roll. The undersize drops between the grooves while
oversize moves flatly along.  With this arrangement loss of head is minimised.
but power is needed for the roll drive.

Grizziys can be vibrated mechanically. electrically, or by the impact of
falling rock. They may also be shaken, or alternate bars may be moved by
eccentrics.  They can be used as sorting tables or to control the rate of fced.
The mechanically vibrated bar grizzly illustrated in Fig. 70 is designed to
separate ore at |}~ bar spacing or more. and handles up to 1000 tons/hour.

Fig. 74. . Trommels in Serics

The curved bars tend to tumble the feed, and the vibrating action, powered
by a 7% h.p. motor, is effective on wet and sticky ore. The jar-bar feeder
grizzly is illustrated in Chapter 3.

One of the oldest screening devices is the trommel. which can be used wet
or dry. Its usual form is cylindrical. with the screening plates forming the
side walls, and a downward slope from feed to discharge end. Trommels
may be arranged in series (Tig. 74). with the coarsest discharge at the start.
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Mineral Processing—Iindustrial Sizing and Sorting 187

in order to remove heavy oversize at the earliest point and by means of the
most robust screenplates. When “washing trommels™ are used, the feed is
picked up by internal lifters made of angle-iron, and is sprayed. The water

runs out with the undersize and slime. A variation of the series of dimin-.

ishing-mesh trommels is the compound trommel with concentric screens, the
coarsest inside, and separate discharge launders for the products. The dis-
advantage of this arrangement is that failure of a screen is hard to observe
and difficult to deal with quickly. Other variations include the polygonally-
sided trommel which gives positive lifting action (o its contents and permits a
complete flat screen to be replaced as a unit. To overcome the problem of
providing a skewed bevel drive 1o sloping trommels, the conical trommel,
set horizontally and flaring down [rom feed to discharge, has had some use.
Trommels are chiefly used as sizers in gravel plants and stone-breaking work,
and on tin and gold dredges where they remove boulders and clay from the
gravels brought up by the buckets. In tin dredging a serious source of loss
of cassitcrite is that due to embedding of the mineral particles in nodules of
clay, either because the richest alluvial ore lies directly on clay bottom in the
deposit, or through the jumbling of gravel and clay together during digging
and discharge from the dredge buckets. ‘‘Disintegrating trommels™ have
been used. with cutting blades rotating inside the revolving cylinder. These
meet and slice up clay lump. so that the trapped cassiterite is released and can
run through as undersize. Trommels are simple, vibration-free, cheap,
strong, and economical of head loss through a series. Against this must be
set the fact that they "‘blind" easily. have poor capacity and cannot be re-
paired speedily or changed rapidly to a different mesh. Apart from the uses
mentioned above, the vibrating screen has replaced the trommel for most
ore-dressing purposcs.

Shaking screens are usually worked dry, and chiefly in the sorting of coal.
A typical arrangement consists of an oblong box of which the screen forms the
bottom. This may be hung by chains or links, or supported from beneath.
In the latter case the Ferraris motion may be used. The Ferraris truss
carries a loaded deck by means of flexibie baltens set at a calculated angle.
When the deck is pressed forward the battens move through a rising arc,
lifting the load and throwing it forward. On release, the deck falls backward
10 its stop-point, the effect being to toss the ore in the air, or at least to reduce
its clinging contact with the screen after the forward stroke has imparted to
it kinetic encrgy in the direction of travel. This loosening aids in the strati-
fication of the ore, and leaves the largest particles on top, where they press
upon the smailer ones which are trying to work through the meshes of the
screen.  The upward tossing motion can aid in unblinding (a little), while the
jarring arrest as the deck falls back tends to loosen particles wedged in the
meshes. The vibration of shaking screens is a disadvantage, and they are
today but little used for hard-rock work.

Travelling-belt screens are typified by the Callow screen. In this, usually
made duplex, the screen cloth is bound along the selvedge to rubber strip
which forms a retaining lip on each side. Ore pulp is fed on, washed through

by sprays, and removed as undersize, while oversize is discharged at the far .

end. They are little used today.
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/ " Mineral Processing—--Industrial Sizing and Sorting
Vibrating Screens

These screens dominate modern sizing practice. They handle dry to moist
or sticky material as coarse as 10" in ring size, and as fine as 65 mesh. JIn
speeial cases they can work on dry feed down to far finer sizes, For most
mineral-dressing operations, screening stops at the point where the crushing
section delivers ore to the fine-ore bins for wet milling (say between §° and
1° size), though an important tonnage is handled by gravity concentrators
after screening down to 20 mesh. Once wet milling has begun, sizing
usualily gives place to sorting in classifiers though wet screening is being In-
creasingly used on sands, '

Vibrating screens can work at low slopes and need but little headroom.
Though loss of height as material drops through a machine is not an expensive
item, it influences plant layout and the choice of appliances and should be
minimised. Other important advantages of vibrating screens are accessi-
bility, easy visual control, crisp transmission of the input power, and (given
good design) avoidance of transmission of vibration 1o the mill structurc.

The vibrating screen has one or more decks, usually plane and kept in
sprung tension. The screen forms the floor of a box which is vibrated mech-
anically or electrically, The clectrically vibrated screen ( Fig. 75) uses an
clectro-magnetic device (Fig. 76), usuaily a solenoid arranged to set up a
reciprocating motion. This solenoid is activated by alternating current,
and a striking block or anvil may be incorporated in the design. The rising
motion is communicated to the screen-cloth through a rod. Lift can be
made to terminate with a jarring blow adjusted s0 as to counteract “blinding"”
of the meshes. In other variations, the clectrically induced vibration may be
resisted by adjustable springs, thus- madilying the severity with which the
screen is vibrated.. A slight variation in the frequency of the A.C. supply has
a magnified eflect on the motion.

If the pushing and pulling of the solenoid acts direct via transmitting rods
upon the tensioned screen-cloth (and this is the usual arrangement), the ore
particles dance normaily to the surface unless (as in conveying screens shaken
in this manner) the movement is applied at an angle. There are no rotating
parts, and but little that calls for maintenance. Mctailic dust occasionally
gathers around the striking anvil and leads to sparking. 1 is removed by
blowing with compressed air. The screens are mostly used on —}° fecd.

The most widely used screens for coarser sizing are mechanically vibrated.
The motion impressed upon a particle is not necessarily a simple straight-line
one. Anything between this and a circular orbit spinning ‘cither counter-
current to the feed (giving the particle a tendency to climb back toward the
feed end) or concurrent (accelerating its progress toward the discharge ¢nd)
is in theory feasible. One advertised motion shows a counter-current cllipse
at the feed end, a reciprocation normal to the screen at the centre, and a con-
current ellipse toward the discharge. The oncoming fced is thus stated to be
checked and searched during stratification. then sent down to an arca of
screen unusually free from blinding, and finally accclerated off the screen.
These variations are produced by balancing the forces producing vibration,
the movements of the tensioning springs, the.yicld of the screen cloth. the
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Nz

Fig. 15. The Hummer Screen

Fig. 76, Crass Section of Hummer V16 Vibrator (International Combustion)

. Hand wheel for rcgulating intensity of vibration
Coil and magnet

. Striking block, wearing plate and shims
Armature

Armaturc post and bracket
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(a) (c)

GENTLE STRAIGMT LUINE MAXIMUM VIBRATION
VIBRATION OF FEED END AT DISCHARGE END

FEED END (b)
LESS LOAD © GREATER

MOVEMENT AT CENTRE

Fig. T7. Comﬁound Particle Orbits on Screen
(Mining Bulletin, King’s College, Durham, No. 11)

inertia of the framing, and the weight of the passing load. A motion devel-
oped in connexion with the screening of coal is shown in Fig. 77.

There are two main methods of producing vibration. For fecd coarser
- than a limiting size of the order of 117, eccentric mo‘ion is preferred.  Below
this. and increasingly down toward a retaining mesh of ;" the unbalanced

pulley is favoured.
Eccentric motion imparts a circular orbit. The typical arrangement con-

Fig. 18. Floating Eccentric Drive Unit (Nordberg Manufacturing Co.)
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sists of a floating drive unit of which one end is shown in Fig. 78.  From left
to right are () the drive unit. () a concentric bearing which carrics a side
bar attached to the balance deck (¢) a follower bearing connected to the
screen deck, and (d) the main shaft. When the revolving shaft attains its
operating speed the total throw of the eccentric (c¢) is divided between the
screening and balancing deck in inverse proportion to their weights. Many
variations in detail have been developed by the manufacturers, all being dc-
signed to lesson the mutual strain between shaft and follower and to avoid
transmission of vibration to the mill structure by feeding back such impulses
in the form of useful work. Boxes can be tilted, sometimes while running,
between horizontal and 30°.

Where an unbalanced weight is revolved, vibration results. This can be
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made to shake a screen box. In the simplest form an unbalanced rotating
shaft is mounted across the screen box. In more developed systems the
driving shaft is balanced and spins two sets of unbalanced flywheels. One
set is keyed to the shaft while the other set can be Jocked in any desired rela-
tion to the keyed set, thus giving neutralisation or reinforcement of the out-
of-balance force generated at each revolution. In a third form of devclop-
ment there are two driving shafts, rotating in opposite directions at the same
rate, each carrying unbalanced weights. These weights then pull in the same
direction twice per revolution, and oppose each other twice. The screen hox
is mounted on springs, or in flexible rubber blocks. The Russell screen ( Fig.
79) incites a gyratory motion gencrated by an unbalanced weight,

In dry screening, dust protection of the moving parts is desirable. It
should be a simpie and speedy matter to change a cloth, to adjust its tension,
and to ensure that feed is being evenly spread over the whole area.

The vibrating action can conduce to local flexing and premature fracture
of the screen wires. The mode of attachment of the cloth to the hoiding
frame or bars must be designed to minimise this effect, and also to permit
rapid change of screen-cioth.

Mine ore is often moist or sticky. One method of reducing the blinding
and clogging of the meshes by such feed is to heat the screen wires by gas or
electricity. Below about 20 mesh, the rate of efficient dry screening becomes
increasingly uneconomic. Classification, which takes over when this hap-
pens, has some drawbacks when used on sands much coarser than those in the
65100 mesh range. Further, sorting action in a classifier does not give size
discrimination. There is constant pressure on the industry to extend the
practicable range of wet screening.

“Wet” Screening

If the ore can be simultaneously held in suspension and given screening
action the adverse effects of specific surface friction are reduced. Several
ways of doing this have been worked out, but the difficulty in keeping a pool
of hydraulic water where it is wanted while at the same time allowing the
undersize to be screened away is considerable. Sprays can be directed on
the passing layer of ore with turbulent strength, but the water thus used
rapidly drains out, leaving the fairly fine ore in the form of a wet sand or silt
in which screening motion is almost ail, since the wet particles are clinging
tightly to each other. Reciprocation of the screen surface under water in 2
pool has been tried, but is subject to the difficulty of “dashpot™ damping of
the vibration, and to the fact that a particie free 10 move in air has a far
greater effective thrust downward than one which is waterborne and cofllid-
ing with many others.

An approach, which has been claimed as economic in some plants, uses a
series of sprays (Fig. 80) to repulp the ore as it passes along the screen. I
new water is used, this entails considerable dilution and an ample supply of
fresh water, but this repulping water can be clarified and recircuiated. A
refinement of this method for which good economy in use of water is claimed.
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Fig. 80. Screen with Spravs (Deister Concc'ntrator Co.)

Fig. 81.  Morizontal Wet Screens (Allis-Chalmers)
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e “pool-washing screen” (Fig. 81). The deck is interrupted at intervals
y a transverse “'pool” into which water is sprayed. The [ced arriving from
the previous section of screen-cloth is pulped in this pool, and the undersize
readily drains through the screen on thc next section. This wet screen is
made with stepped scries of decks. inclined deck. or a pool-interrupted Nat
deck.

A stationary screen, the Dutch State Mines *'Sieve Bend™' has gone into
considerable industrial use in the past few years. [t handles satisfactory
volumes in a small mill space and makes good separation down to 100 mesh
or finer, with throughput as high as 50 tons per hour. The separating surface
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Fig. 82. Sivve Bend Screen (Dorr-Oliver)

is a stationary concave (Fig. 82) formed of wedge-wire bar screen set across
the pulp flow. Modified shapes are marketed in which the concaves extend
over 60°, 120°, or 300’ of arc. In the last of these feed enters vertically from
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beneath and is either delivered via an internal baffle or a flat nozzle, so as to
sweep up and round the interior of the partial cylinder formed by the hori-
rontal wedge bars. These are spaced from 50u to 150u apart and have a
standard length of 63°. Construction material is stainless stcel and main-
tenance is light since there are no moving parts. Power cost is limited to
the pumping needed to present the pulp at the required height and velocity.

A novel wet-screening method has been developed by Hukki.2 The exper-
imental arrangement (Fig. 83) consists of a cubic box which receives the leed
at one side. a stirring arrangement deep in the box, and inclined vibrating
s«creens through which the undersize overflows above. Baffles in the box
direct the flow., and sand oversize is remaved below vig an adjustable dis-
charge valve.

EMcient Operation

The simplest expression for cfficiency of screening is the weight of under-
size actuaily obtained as a pcrcentage of the weight of undersize actually
in the feed. This expression is not of great practical value, however, since
it ignores the effect on efficiency of particles of near-mesh size. Particles
just too large to pass the limiting mesh. or so large as only to pass with diffi-
culty, are far more prone to blind the available scparating meshes than others
in the feed. Obviously. the cfficiency of the screen is related to the dwelling
time of transient material and to- the openings available during its passage.
hence this near-mesh material defeats a simple formulation. When the screen
is closing a crushing circuit, the tendency is for a near-mesh circulating load
10 build up. so that a progressive falling-off in screen efficiency and capacity
is to be expected as this increases. The criterion of efficiency used by one
manufacturer is stated as 100 minus the percentage of true undersize in the
rejected oversize. and this is a better- practical figure. Efficiency varies
between 60%, and 80 %, and increases with:

(@) the percentage of the screen open to passage of undersize;

(4) the smoothness and freedom from pitting of the mesh wires;

(c) the suitability of the shape of aperture to the average particle shape
under treatment;

(d) the time taken in transit.

Efficiency is adversely affected by:

(¢) increasing the rate of feed:
(/) increase in percentage of near-mesh grains;
() thickness of bed which hinders presentation of particles;
(h) lack of “liveliness™ of the screen cloth in responding to the vibrating
impulises;
(i) moisturc in the feed (this can be serious).
Efficiency can be calculated by means of the two-product formula
100c(f—1t)
R= _— 9.1
Se=1)
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is recovery, and f, ¢, and ¢ are percentage sizes of fced. concentrate
failing (Taggart, Manual, 19-191. Eq. 133).
This formula, together with that for ratio of concentration

(c=1)
K=

9.2)
(/=)

can also be used to show the relative amounts of sand discharge and overflow.
K is thc ratio of weight in feed to the weight of concentrate. In this case
sand takes the place of the valuable product usually shown.

Squarc mesh exercises a restraining effect in two dimensions, whereas an
oblong mesh gauges the passing particle in onc principal diiension, [t thus
increases screen capacity at the cxpense of accuracy. The choice of mesh
shape must take into account three interrelated criteria—precision of sizing.
permissible tolerance of wrong sizes. and cflect on overall operating profit.
Usually in mineral dressing, optimum fiberation is finally regulated at the
classificr overflow, and it suffices in the screen-controlled sections il material
ton large for efficient comminution in the next grinding section is held back
at any designated points. In this case, squarc-mesh accuracy is rarcly of
vital importance. Rectangular mesh is favoured for acicular particles, and
for moist or clayey feed smaller than 4°. Slabby particles arc best handled
on square mesh. Material prone to blind the meshes should be treated on
oblong screens set with the long axis in the direction of flow. - If the screen
product is to be delivered to mineral jigs the tighter size control possible with
square meshed cloth may be found important.

Suitable tensioning of the cloth in its securing frame is needed. The vi-
brating strokes should be distributed Tairly evenly over the whole area. (a)
to avoid overstress at a point, line or node and (H) to ensurc adequate lossing
of the passing stream of ore.

Good tension of the screen cloth is desirable to give efficient transfer of
the vibrating strokes from mechanism, via cloth. to load. Backlash and
slackness of the assembly are bad for efficiency. The combined cffect of
vibration speed and amplitude, together with slope of screen. must be such
as wiil keep the material well stirred and running frecly. If the amplitude is
too great. stratification will be upset and near-mesh particles will not be ade-
quately “ridden™ into the meshes. If it is too feeble. the aperturcs will blind.
The moisture of the incoming eed may vary scasonally, in which case several
cloths of varied mesh can be kept ready. and changes made in aperture to
suit the altered condition of the feed.

Capacity of a section monitored by screening is higher when oversize is
not returned for retreatment but is sent to a difTerent crushing system.  This
is probably due to the lessening of re-circulated material not crisply dealt
with by the crusher from which it has already escaped to the screen. In a
large mill the cost of an extra crushing stage may be justified. but a small
plant would return the oversize in clased circuit for another pass. This
arrangement could be aided by the use of a screen rather larger than the sct of
the crusher 50 as to kcep down the volume of near-mesh circulating load.
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The possibility would arise with spring-loaded crushers rather than those
having a rigid set.

The arca round a dry screen is usually dusty, and may require hooding and
an extracting system. The main running cost in screening is for replacement
of cloth, subsidiary items being for power, labour, and loss of gravity head
through the appliance. Where the screens are set to gauge the size of an
important product it may he desirable (o take special precaution against
delivery of oversize owing to the unnoticed rupture of a screen.  This may be
done by duplicating the same mesh on a double-decked machine. If the
upper cloth ruptures, oversize will commence to come over from the lower
one, and this change can be caused to actuate an alarm,

o e |
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Fig. 83. The Hukki Screening Cell

Screens may be classified in terms of the path of a point on the vibrating
surface.  The five types listed in a Paper by Kuenhold® include full or mod-
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circular throw (vertical or horizontal), and lineal reciprocation (vertical,
uited. or horizontal). In coarse sizing vertical circle motion is most widely
used. either from an eccentric drive or an unbalanced shaft. The size of
screen used is governed by duty. available space, headroom. and position in
relation to other appliances.

There is no single formula for capacity, but a basic point is that capacity
decreases as nversize [raction increases. This is not aiways appreciated.
Capacity is more related to width than to length, but efficiency of separation
improves with the repcated opportunities for passage as the loading lessens
toward the discharge end, and travelling particies become more frce to move.
Screens are usually suspended (preferably on flexible cable) or mounted on
a base bolted to the supporting structurc or on vibration dampers. The
natural frequency of the supports shouid be at least 14 times that of the screen
at running speed. Optimum slope is that at which the maximum amount of
oversize is handled while removing the required percentage of true undcrsize.
To aid this. the bed thickness must allow stratification of fines down to the
screencloth with adequate mobiiity. Feed should be delivered across the
full width of the screen with sufficient gentleness to avoid wear, If the fecd
is dry, gravity chutes work efficiently, but should incorporate a stone-shelf
to check the entering velocity. Sticky feed is best handled by mechanized
feeders.

Where wet sizing is practised. the feed should be slurried at a liquid-solid
ratio of 2 : 1 and flushed on gently but uniformly. Skirtings should not be
attached to a screen unless the manufacturer can confirm that this dead
weight will not upset the balance and bearings. When instailing. thought
must be given to convenience of access for maintenance and replacements.
and this should not be obstructed by badly planned fixtures such as chutes.
hoodings. and skirts. Hoods should be mounted scparately from the vi-
brating body. and in fine screaning the suction used to remove dust should
maintain a downward flow of air.

Principles Governing Classification

In commercial sizing on screens, the particles are presented 10 A rigid
system of gauging meshes which causes separation in terms of one or {wo
dimensions of their cross-section. In classification no such physical restraint
is at work. Instead the rate of fall of cach particle through a fuid mcdium
is exploited under controllable conditions so as to direct it into cither the
“oversize™ or “undersize” class. The terms “oversize” and “undersize”
thus used are not truly descriptive, since classification is a sorting opcration.
cach particle reacting to the resultant effect of the gravitational force puiling
it downward and the (rictional and kinctic arresting forces generated during
this fall.

If it is heavy enough a particle can fall to the discharge gate at the bottam
of the classilying vessel. 1T of intermediate mass it is held in the teeter column.
If light it is swept out with the overflowing fluid.  The vertically acting force
is hydraulic and is provided by the velocity of rising water. The strength of
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the force is determined by the spced at which this water passes upward through
the horizontal cross-section of the classifier at a given point. This in turn is
a function of the volume of rising water and the free area at the cross-section,
part of which is occupicd by grains of mineral in teeter. If a particle is to
fall under these loading conditions it must overcome frictional drag and
collision in the teeter zone. Under these circumstances it is said to be sepa-
ratcd by hindered settling. if the classifying vessel also imposes horizontal
flow on its contents, a falling particle is displaced from the vertical 1o a dis-
tance proportional to the {ime it has taken in passing through the current.
A pulp of water and fine particles is the classifying fluid normally used in
mineral processing, Fine. dry powders can be classified in vertical or hori-
rontal air currents.

Classification deals with a mass of small particles in movement varying
from slight drift in parts of the mass 1o turbulence in other parts. An indi-
vidual particle is constrained by the packing density in its immediate ncigh-
hourhood. If this is thought of in terms of the number of particles in a unit
volume of pulp (termed by the author the specific population in order to tie
up with the frictional factor of specific surface) it can be scen that a pulp has
a critical concentration below which unimpeded motion of individuatl grains
occurs and above which increasing intergranular interference is encountered.

The factors which influence movement ol particles relative to the surround-
ing fluid may be summarised:

(a) The reiative velocity of particles of the same S.G. and shape varies as
their sizes. a larger falling faster than a smaller one.

(b) With two particles of the same size and shape, but of different
densitics. the heavicr falls fastcr.

(¢) . With two particies of the same 5.G. and size (displacement), but of
different shapes, the fall is retarded by skin-friction relatively to their
surface arcas. (Maximum falling rate is developed ty a sphere.
minimum by a thin plate.)

(d) Resistance to lall depends on the velocity of the falling particle
(Newtonian, intermediate. or Stokesian) and varies directly as the
velocity when slow-failing through an intermediate zone of change
till it varies as the squarc of the velocity when falling rate is higher.

(¢) Other things being equal, the velocity of fall varies as the squares
of the particie diameters when these are smail, as the square roots of
the diameters when farger.

(f) Resistance to fall increases with the S.G. and viscosity of the fluid
medium through which fall occurs. .

(g) Anomalies in hehaviour may arise through flocculation, or the pre-
scnce on the particle of minute air-bubbles.

(h) The degree to which individua! particles can develop their shape
and mass propertics is conditioned by the specific population and
specific surfuce of their cnvironmental pulp.

Though this matter is discussed more completely in the chapter dealing
with concentration by gravity methods, it is heipful at this point to note
ceriain ways in which gravitational forces act selectively in classification.
When grinding has liberated a heavy particle and a similarly sized light
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t. item () of the above list provides a simplc mcans of scperating
‘m. Il the \wo particles are introduced into a vertical current of water,
which flaws upward faster than the light particle would fall through still
water but siower than the falling rate of the heavy particle, then the one will
drift upward with the current while the other will fall slowly dowaward.
Here, if a feed were sized on screens and then presented (o some such system,
efficient concentration would resull. Removal of the variabie of size would
develop a maximum difference in behaviour due to density.  If the order
were reversed, it might be passible to cause small heavy particles to fall at
the same rate as big light ones. and then to separate them on a sercen of
intermediate mesh, or by other methads if they were too small to screen. In
this case a classifving diffierence would be removed in order to develop maxi-
mum response to a sising diffcrence. '

Since classification depends partly on frictional retardation. it cannot be

apvilicd cffectively 0 coarse matcrial. 1t takes over from screcning some-
where below 20 mesh, and is used on free-falling or **hindered-settling™
particles down to sizes of a few microns, the range heing cxtended further
when required by the application of centrifugnl foree. -~ .

The mixture of fine particies with water acts as a heavy liquid.  Its density
depends on (a) the specific gravity of the ore from which the finc particles
have come and (5) the solid-liquid ratio or percentage by weight of solids
in this Nuid mixture. When a particic of relatively coarse size falls through
this Muid, it converts its potential encrgy to kinetic, its motive power being
the difference between its weight and that of an equal volume of classifying
fiuid. Hence. the higher the ratio of solid to liquid the smaller becomes
the gravitations! effect.  In ane form of classificr (the frec-settling mechan-
ical type) fluid density is an important controlling factor in maintaining the
desired separation of undersize from oversize.

The kinctic energy of the particle. as it is gencrated. is used not only to
overcome viscous resistance in the fluid hut also (if the particle attains
wilicient speed) o start vortexcs and to displace other particles during
collision or frictional contact. It has been convenient to consider a singie
marticle dropping through the fluid. but myriads arc moving in all direc-
tions in the classifier, and their individual collisions and reactions are far
oo compiex for mathematical resolution.  Fortunately. the resultant of all
these collisions and rubbings is a generalised cffect sufficiently controllabie
to be of the greatest possible value in the fine grinding of ore.  There is no
precise cut-off point in classification such as can be obtained in carcful
screening. but at a given separation point the bulk of the particles will respomd
in the desired manncr. At the point where the separating cut is being made,
some porticles will be diverted by drifting vortexes which throw them into
the wrong stream, but in milling the scheme of concentration is kept sufficient-
iv clastic 1o allow for this,

It was nnted that large particies fall with some strength while small ones
fall gently. Two types of classifying treatment are available for exploiting
this difference. and when sorting an ore the onc chosen is that which will
select the most appropriate product for further ireatment. For film sizing
or “stream action™ (discussed under gravity treatment in sluices and on
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shaking tables) the greater the difference between the sizes of two equal.
settling particics. the better will be their separation, Hence, if a sufficiently
coarse hreak or liberation grind to give Newtonian settling is called for,
classificrs which give maximum size differentiation in their sorting work are
used. These arc hindcred-settling classifiers. When the break point of
the ore must be taken at a mesh so fine as to bring the particles toward or
into the realm of Stokesian settlement the crowding of the particles through
a dense tecter bed. characteristic of the opcration of hindered scttlers, is too
viclent to be practicable. A change is then made to a system which permits
free settling through a fairly quict fluid pool, in which the specific population
is much lower. This form of separation is used in mechanical classifiers
and thickeners. Hindered settlement is used with separating *“‘fluids™
carrying from 40% to 70% solids, while free-settling conditions operate
with between 3%, and 35% of solids in the scparating medium. Hydraulic
classification is applied to the sizing of homogencous fine gravels and sands,
to scttle a relatively fast-settling coarse fraction from a slower one. Class-
fiers (including thickeners, which exploit a3 more slow-moving variation of
the same principles) are used for a wide varicty of purposes. including sizing,
sorting, desliming of foul efMuents, dewatering muddy pulps, adjusting the
solid-liquid ratio of a pulp, and development of greater response of ground
ore (o concentrating processes.

Spitzkasten and Scttling Cones
Many special dcvelopments of the general principles of classification

exist, but it is possible 1o separate these into groups. despite some obvious
overlaps.

Classifiers
l
_ R
*“*Non-mechanical* **Mechanical™ Hydro-
(term qualified in text) cyclones
“Surface-sorting" *Hydraulic™ or using a rising
water-current
I l o
Spitzkasten Cones Boxes Thickeners

Sin~¢ powered mechanisms-are applied to specially deveioped sub-types
of the so-called **non-mechanical™ classificrs, this term is not strictly accurate.
In common technical usage, “mechanical classificrs™-are inclined troughs in
which part of the pulp scttles and is continuously withdrawn by raking,
spiral, or other suitable gear, while all other types are classed as non-mechan-
ical, whether motorised or not.
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,4"/‘ groups non-mechanical classifiers into

“. .. two main types, namely, Surface Classifiers. wherein the sizing
is effected at the water surface. by the water which brings the material
to the classifier; and Hydraulic Classificrs, whercin it is accomplished in
a restricted passage by fresh or added water introduced below.  Surface
classifiers arc employed for finer material, the discriminating velocity
being that which wells upward across the relatively cxtended surface at
the level of overflow; hydraulic classifiers are used for coarse matcrial.
say above 80 mesh, the restricted passage permitting the requisitc rising-
velocity to be obtained with no great amount of added water.™

The elementary form is the spitzkasten (Fig. 84), a pyramidal box. A
stream of pulp Aows in at one side. drops part of its solid charge with some
water 10 an aperture at the pointed end. and discharges the remainder via
an overflow lip. The entering pulp transforms part of its horizontally di-
rected kinetic energy into downward-acting eddies and vortexes. Particles
caught up during these shifting and whirling movements acquire centrifugal

Leag
Ouvflow
Distridwtion
Board
Feed -
Launder Over flow
Lip

Fig. 84, The Spitzkasten

acceleration. which may throw them out of the vortex in any direction from
vertical to horizontal, and this force acts without discrimination on large
and small. heavy and light particles. On the whole, the heaviest and coar-
sest sands gravitatc downward to the bottom discharge while the lighter
material is crowded back to the top overflow. In its crude form, the spitz-
kasten does not make a particularly satisfactory separation, but it illustrates
the fundamental principles at work. and is therefore worth examination.

First. As with all classifiers. only (wo products are delivered. Every-
thing entering must either depart above or below. The greater the propor-
tion of solid withdrawa below, the greater will be the amount of fine material
inctuded in it. With feed and discharge rates steady and equal the total
number of particles. and their size distribution, is dcfinite. All that can be
done in classification is to vary the ratio between the quantity of conrscr
sand leaving below (via the spigot discharge) and the relatively fine overflow.
If the spigot were closed, all the pulp would eventually overflow without
classification, and this overflow would contain the maximum possible per-
centage of coarse particles.  The greater the fraction removed as relatively
coarse oversize the finer must be the average size of both overflow and under-
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flow, and' vice versa. Separation does not mean that only coarse particles
will underflow and only finc ones overflow, This pitfall sometimes confuses
the learner, who imagines that if the coarsest particles are being removed
from one point the re<ult must be to give a much finer product at the other
withdrawing place. What happens is that classificr adjustment simply varies
the splitting conditions. Overflow and underflow are respectively fine and
coarse relative to this splitting. '

Second.  Since the volumetric capacity of the spitzkasten is constant, the
scttling rate available to a particle varies as the.volume of feed. Other things
remaining unchanged (including the ratio of solid to liquid in the feed), the
greater the fed volume, the less will be the dwelling time of each particle,
hence the coarser the overflow fraction since it has less time in which to settle.

Third. If the rate of feed is constant, but the solid-liquid ratio varies, the
specific gravity of the pulp varies with the increase or decrease in content of
solids. Since the rate of seitlement varics inversely as the solid fraction, the
more watery the feed. the finer will be the average size of overflowing particles.

Fourth. 1t is customary to consider that classifiers separate particles by
virtue of a combined vertical and horizontal movement. To this end, the
maximum cross-section is usually provided in the horizontal plane of over-
flow, and in the surface area immediately adjacent to the overflow lip ail
particles are deemed to move horizontally. Hence, the argument continues,
if in this arca the particle is swimming or drifting in the overflowing current,
it is carried out of the classifying system. If its physical relation to the
system at this point causes it to sink, it is retained and may sink to the under-
flow zone for discharge in the coarse fraction. Teetering particles are dis-
cussed later in this chapter. Hence. the capacity of a classifier is related to
its horizontal area in the plane of overflow, and the concept of “surface
classification” or “‘surface-sorting” is closely bound up with pulp behaviour
in this plane. In theory. it should be possible to control the density of the
pulp at this surface, and also the horizontal speed toward the overflow which
influences the drifting rate of a particle. Operation based on these consid-
erations, together with those of mass and surface friction, should lead to an
accurate sorting system. In practice, only rough sorting takes place in the
spitzkasten. The entering particle undergoes random acceleration, in a
confused mixture of interfering vortexes. It passes from one solid-liquid
ratio to another in various parts of the box, with varying freedom of packing.
Finally it is delivered to the sorting surface with an unpredictable kinetic
energy directed at any angle by the vortex from which it is separating at the
moment.

Fifth. The shape of the spitzkasten provides quiet zones down the corners,
and beds of sand pack into them. Some particles work their way over these
beds to the overflow without undergoing sorting action. Toward the con-
tinuous underflow. perindical collapse of the packing chokes the discharge
orifice. causing surging and abrupt change in the downward flow of pulp.

Appreciation of the foregoing considerations will aid in understanding
the physical limitations of classification in the more claborate appliances
discussed later. The first improvement in simple spitzkasten work is to use
a serics of boxes, increasing in volumetric capacity, so that the coarsest sands
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'/ﬂ'v/ovcd first and the finest last (Fig. 85). To avoid settiement of ma-
//61 an the sides. these are made steep.  With the larger boxes this would
%ad to high pressure on the underflow and the praduction of too watcry 4
discharge there.  This is avoided by using the “gooscneck ™ discharge pipe
shown, with suitable provision for clearing it should *“*tramp aversize” from
a preceding spitzkasten settle in the pipe and choke it. At one time spitz-
kasten series, cither in box or trough form, were widely used ahead of gravity
scparation. but they are not much seen today. Baffles must not be used with
spitzkasten as they would interfere with surface sclectivity. :

Ta overcome the surging cfiect produced by the periodical sliding down
of settled sands from the corners of the box, cones are used. Feed is central
and overflow peripheral into a launder. If provided with a diaphragm 10
prevent verv fine material from dropping through with the coarser sands.
the appliance is called a diaphragm cone, and still further regulation of the
solid-liquid ratio at the bottom discharge may be provided by a float system

J
250 Mesh
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Dl.tlrlbuztlnq 8oard 12 A /
e 2 AT g - Overflow
Jp—LY S N = _L,
Fred = J :
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Fie. 8S. Series of Spitckasten (Scction and Plan) (after Truscott)

Trunected
<Feed Cone

Underflow

Fig. 86. The Settling Cone
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which varics the aperture in accordance with changes in the feed (Fig. 86).
Very little classification is done in these cones once sand has settled to a
fairly compact mass. The sclective action occurs in the fluid layers of swir-
ling pulp above this bedding.  Since feed is introduced centrally and the
puip is then swept through a rising path toward the peripheral overflow, the
coarsest and heaviest particles tend te drop straigivt through or Lo settle out
from this cddying strcam, while those smaller than a certain mesh are lifted
to the overflow lip.  The solid-liquid ratio of the underflow depends on the
closeness of packing of the scitled sands.

Under favourable conditions, the cone compares -incfRiciently in perfor-
mance with the far more costly mechanical classifier. save that it is unable
to restore the loss of head of the coarse sands dropping through it, and can-
not therefore close a mitling circuit without the addition of a pump of some
kind. It can be used for desliming or dewatering.  Simple devices based
on the spitzkasten find little application in modern plants, but have a limited
field of usc in <mall aperations.

Nests of boxes. with cither pyramidal or V-shaped settlement zones, were
developed for thickening dilute suspension of fine sand. and for reclaiming
mill water, They offer a large quict zone with a gentle motion over the
surface<classifying area. They alford a pentler application of the sorting
principics at work in the spitzkasten, in the same way that the settling cone
does in comparison with the cone classifier. Their place today has been
taken by thickeners of the type described in the next section.

The Thickener

Thus far the conditions which affect particles setiling quickly from random
voriexes and under crowded conditions have heen considered.  In the thick-
ener, scitlement is free and the particics are given hours to gravitate downward.
The classifiers hitherto considered were either trying to split a long-ranged
feed into coarse and fine fractions in a shart time, 1o trap out coarse sands,
or to remove slimes from a fast-settling pulp.  When the particles have been
very finely ground a prolonged dwelling time under quiet conditions is needed
for their settlement.  The thickener is constructed with sufficient volumetric
capacity to give this 1ime. It can be used:

(a) to reclaim water from a muddy ¢Muent by allowing the silt to settle;

(h) 1o decant fouled water or chemical solutions:

{¢} to change from onc chemical wash-solution to another:

(d) to remove a dissolved mineral product from a pulp;

(e) 1o thicken (i.c. increase the solid-liquid ratio of) a pulp:

(f) 1o reclaim some mill water before discarding the solids from a
tailings pulip.

The cssential features of a thickener are shown in Fig. 87. In a typical
operation. mill puip carrving finely ground solids in suspension is fed in
centraily, through a “trash screen™ which holds back any debris that has
accidentally entered.  The entering pulp displaces part of its volume as a
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peripheral averflow of modcrately clean water. During the very gentle
radial drift of this averflowing water from centre to sides the solids [all
<dowly downward. perhaps individually, or more usually with some degree of
Nocculation inte aggregates of partictes.  Matenal <ufficicntly coarse falle
rapidly 10 the raking zonc below, while the rest of the <olid fraction settles
and leaves a zonc of clear water toward the upper periphery. followed by one
<imilar in consistency 10 the feed (less its coarser particles).  This is succecded
by a transition stage through which the pulp steadily increases in solid-liquid
ratio as it <cttles downward until 1t reaches the compression zone where the
particles, or more probably the Noccules, are being squeezcd together by the
weight of Nuid above. Through this compression zone the rakes (in Figs. 87
and 88 the spiral gathcring arms) of the thickener arc very siowly revolving,
gathering and swecping the settled <lurry or slime toward the central dis-
charge well. The rake arms may be revolving once in from (wo to eight
minutes. and a< they move, their superstructure cuts through the billowing
floccules, opening channels through which clear water can be squeezed up-
ward,

In thickening, flocculation of the pulp is usually an important factor.
The subject is considered later. At this paint it suffices to remember that
the more dilute the entering pulp. the slower it s to form flocs and hence the
longer its settfement time. Thus. when a thickener is showing signs of being
averloaded (by discharging insufficiently clcar water at its launder) the trouble
may be due. paradoxicaily, to insufficient solids 1n the feed. This is because
flocculation depends partly on the opportunity given to particles to collide,
which is proportional to their concentration.

The thickencr may be a very large round tank. or a cylindrical cxcavation
lined with concrete. 1t must be capable of containing the continuously
entering feed-pulp for the number of hours required for efRcient settlement
and compression down to the required sodid-liquid ratio in the well at the
centre of the discharge zone. The bottom of the tank usually has a gentle
<lope inward to this well.  The rakes which gently press the slurry and gather
it to the centre may be driven from a shaft. or be towed by an electric motor
running round the periphery on a monorail.

In operation the feed rate and feed-pulp condition must be such that there
1< ample tume for a protective clear zone to form and 10 bec mantained to-
ward the launder. while the settling fraction has adequate time to consolidate.
The ratc of discharge from the well is regulated by mcans of a diaphragm
pump which is run at a rate allowing some two feet of fully thickened slurry
1o be maintained in the compression 7one.  This fayer holds back the in-
sufliciently compressed puip and ensurcs that oniy a completely settled slurry
is withdrawn. [f the 7onc is allowed to become too thick, there is danger of
burying the rakes or of overloading them and injuring or distorting the mech-
amsm.  Alarm and trip mechamisms are fitted to indicate the advent of such
overloads. The overfiow can e monitored by an electric eye so that warming
is given if ils turbidity rises unduly. Since the slurry being pumped from the
underflow is dense. it is carried through pipes of small diameter to the pump,
thus maintaining it in motion sufficiently vigorous to reduce any tendency to
settle out and choke the withdrawal <ystem. Flushing points are also pro-
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wed through which water or compressed air can be injected in the cvent of
caoking. Instead of pumping, some large installations use bottom valves (0
run slurry off. The piping discharge is then of ordinary diameters.  The
thickened discharge is commonly led to a conninuous filter which must period-
ically be shut down for servicing. Durnng such a period, which may last
scveral hours, the thickener continues to reccive fecd and must store its slurry.
Provision is made for raising the rake mechanism (o prevent overstrain under
such conditions. Since this is a salety precaution, the rakes must be geatly
Jowered as soon as normal running has been restored and the loading has
becn reduced.

Choking around the well of the thickencr is a scnious matier that may lead
to the shutting down of the whole mill.  Solid objects fall 1n. either through
sabotage. a kink 0 human nature, or through farlure of workmen on the
thickener 10 tie loase 100ls to a salety belt. s thercfore a wise precaution
to have a run-off tank available into which the contents of the thickencr can be
sluiced in emergency.  [f the thickencr is “'stalled™, speedy repair 1s essential,
as there is rarely standby capacity to which feed can be diverted.

Where space is cramped, or where the risk of freezing cntails protection.
tray thickeners having from two to six compartments are often used. The
pulp is divided into equal streams, and cach is fed centraily 1o a compartment.
In one type cach compartment rakes the sctiling slurry to a common well-
discharge. In another type the slurries can be kept scparate. The water
overflow rises naturaily from the lower trays to join that from the top pen-
pheral launder. or, if desired, thes<e overflows can be kept <eparate.

Falure of the scttled slurry to come away {rom the weil may be duc 10 A
solia object obstructing the outlet, a choke in the piping system or a defect in
the diaphragm pump, such as a stuck vaive or a ruptured membranc. Thick-
eners receiving a flotation concentrate sometimes build a thick scum of floating
froth on their surface. To minimise this, the feed should run in gently, since
<plashing i< likely to entrain air-buhbles.

Little power and attendance arc normally required, but when a thickencr
breaks down it can very seriously upset the running of the plant, since 1t
usually constitutes a ““bottle-neck ™ in the flow-line. To simplify maintenancc
and avoid a lengthy shut-down thickeners are cometimes built with an
approach tunnel below, ending in a pump room. Alternatively. underflow may
be pumped up through a central column ‘arge cnough to permit a man 1o
enter.

Among recent developments in thickener design® arc a two-stage raking
sone. The peripheral area has a rclatively shallow gradient. whilc coarsef
material which tends to settle more centrally falls to a steeper central portion.
The inner rakes which sweep this zone are atiached to posts below the trusses.
These posts cut through the depout and open channcls through which water
can <queeze upward. The trusses themselves are not subjected to the strasn of
shearing through this material.  Another design is a flat-bottomed thickener
with peripheral discharge.

Where continuous thickening is coupled with periodic fltration <o that
storage capacity inside the thickener is required, automation has becn suc-
cessfully used 1o raise or lower therakes in accordance with changes in torque
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signalled to a motor which lifts or lowers the raking mechanism. For sub-
zcro working of cxposed niant, efectric heating of driving gear and pump
room can be used.  For a thickener which i< used to clarify a thin, but finely
divided and slow-scttling feed, bydraulic disturbance where the feed enters
can he avorded by delivery through vertical screening which divides the flow
into a number of thin strcams and checks these by baMing.

Thickening Theory

In 1916 Coc and Clevenger® produced a formula for calculating the thickener
arca required in handling a2 known rate of loading.  Their observations were
based on the zone scquence seen during the settlement of pulp—<larification
of the uppermost layer and increcasing pulp density down 10 the final stage of
compression (the critical point) below which no further settiement occurred.
Thu< at any horizon in the transition zone there was a change in pulp density
which afected the subscquent settling rate and the <pecific population at that
herizon.  Their calculation of the required thickener area was formulated in
respect of a transitional rather than a final or saturated concentration, and
within that hmitation was dependable.  [tis
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