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Screening

INDt;STRI:\L SCREE~I~G EQVIP~IENT

TA·BLE 2. THHEE :\IETHODS OF INIJICATISG
SIZE FH \CTIONS

,,"ire mesh. Screening consists in separut in~ a mix
ture of various sizes of part iele's into t,,"O or nlure
portions, each of ,,"hieh i~ more uniform in siZf~ uf
particle than is the original mixt1lre.

Dry sereening refers to the treutment of a mUfl'riu,1
containing a natural amount. of moisture or a nlute
rial that has been dried before screening. '\"~t

screening refers to an operation in \\'hirh ""ater is
addeu to the nlaterial heing treated for the pUlpose
of washing the fine material through the screen.

The material that fails to p~s through the screen
is referred to as oversize or plus niaterial, and that
\vhieh passes through the scre£'n ol)(~ning8 is referred
to as unde'rsize or minus mat<'rial. \,"hen more than
one screen is \lsed r..nd more than t \,"0 sizes are pre.
duced, th!:' various fraetions may be designated
according to the openings enlployed in making th('
separations. For exampl<" 1~able 2 sho\\"s three
diffpl·ent ,,"ays of indi('utill~ sizes.
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T IlE separation of materials on the basis of
size is frequently important as a means of

! preparing a product for sale or for a subse
quent operation. It is also a \\Oidely used means of
analysis, either to control or gage the effectiveness
of another operat ion, such as crushing or grinding,
or to determine the value of a product for some
s}X~eific application.

In the marketing of coal, for example, the size of
t.he particles is the basis of its r:la:5sification for sale.
Certain equipment such as stokers require definite
limits of size for successful operation. III the case
llf sand and gravel for concrete, on the other hand,
only a properly blended series of sizes \vill insure the
most dense packing, requiring the minimum of
cement and securing the greatest strength and free
dom from voids.

It has frequently been observed tha"t the rate of a
chemical reaction bet\\'een a solid and a fluid is
roughly proportional to the surface involved. Since
the surface areas may be computed from a kno\vledge
of the sizes of the particles, a sizing operation is of
particular value in controlling the rates of reactions
involving solids. 1~he combustion of p()\\"dered eoal Oversizl' 1 in.

illustrates the desirabiHty of controlling the grinding Through 1 ill. nil ~ in"

operation to produce material of definite size limits 1"hrough ~ in. nn fl1\ in.

in order to control the rate of combustion. Since the lOnut.~rsizl'

setting of I>ortland cenlent must takp place ,,"ithin a
specified time, it has been necessary to specify certain
size limits. The hiding po\ver of a paint pigment is
indicated by size since it depends upon the projected Grizzlies are \\"id('ly used for sc.·eening large sizes,
area of the particles. particularly of 1 in. and ovpr. 1'hey consist simply

Screening is accomplished by passing the material of a set of parall<,l oars s<,puratcd by spacers at the
over a surface provided \vith openings of the desired ends. 'rhe h~u·s nlay he laid horizontally or inclinN
size. ~rhe equipment may take the form of station- lonKitudinally 20 to 50 d('gr('('~ froln t he horizontal,
ary or moving bars, punched metal plate, or \voven depending upon the nature of the Dlat.erial treated.
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as well as to furnish data for estimating the po,,:,~r or
energy required.

Ores of metals consist of varying amoullts of
valuable minerals associated \vith undesired ganguc
minerals. The first step in processing ores for th,~

recov~ry of metal values is the separation of the
values'fram-the gangue, dince the ore as taken from
the mine contains bOt~l types of minerals together in
solid masses. Unless' the valuable mineral exists in
great enough concentration to permit the ore to be
red\l(~ed to the metal ,vithout previous treatment., in
\\·hich case the ga.ngue is usually separated in the
molt-en stat.e, it. i~ nec~SM8ry t.o break np the ore mMS

. mechanically, t.hus freeing the valuable mineralt~

fro~he·gangue. 1'he minerals are then ~parated

by gravity or flotation methods resulting in concen
"tration of the valuable minerals.

The purposes of size reductions are therefore two
fold: (1) To produce solids with desired size ranges
or specific surfaces. (2) To break apart minerals or
crystals of chemical compounds which are inti
mately associated in the solid state.

STAGES OF REDUCTION

For successful'size reduction, it is necessary that
every lump or particle must be broken by contact
\vith other particles or by direct contact \vith the
moving parts of the machine. As the breaking action
proceeds, the number of particles increases, requiring
more contacts per unit masS. Thus the capacity of a
particular machine of fixed dimensions, as in tons per
day, is much less for small sizes than for the larger
sizes, since it is necessary for the smaller particles to
remain in the machine for longer periods of time to
sustain the required number of contacts. No devicc
has been developed capable 'of automatically adjut)t
ing itself to the varying requirements of contact. In
commercial operations, sufficient capacity in the
intermediate and fine ranges of size reduction is
obtained either by operating several similar units in
paraHel or, ~ter, by empJ~ying machines which
furnish greater numbers of contacts per unit of
tlffi('.

~'1achinel" providin~ the required la~·ge number of
contacts, particularly for smaller-size mat.erial, have
been developed, primarily for the last stages of size
reduction.

For commprcial reduction in siz~ of mR&.~8 of
solids 1 ft or more in diamet.er to 200-mesh size,
usually at least three stages or steps are followed

which are divided according to the types of machine!
best adapted to each stage. The three steps are:

1·. Coarse size reduction: feeds from 2 to 96 in. or'
morc.

2. IntcrlnL'<1iatc ~ize I~'<iuction: feeds from 1 to 3
in.

"3. Fine size reduction: feeds fr<Jln 0.25 to 0.5 in.

OPERATING VARIAJlLES

"fhe ,noiBtlJ,rc content of solids to be reduced in Hile

is hnportant.. If it 'is belO\V 3 or -l per cent by ,veight.,
no particular difficult,ies arc cncountered; indeed. it
ap~artS that, the pretSence of this amount of moisture
is of real benefit in size reduction if for no other
reason than for dust control. \Vhen moisture con~nt
exceeds about 4 per cent, most materials become
sticky or pasty with a tendency to clog the machi le.
This is particularly true in the coarse and inter
mediate stages.

A large excess of water (50 per cent or more)
facilitates the operation by washing the feed into
and the product out of the zone of action aIid by
furnishing a means for transporting the solids about
the plant as a SU[&penslon or .urry. Wet grinding is
Inostly confined to the fine stage of reduction.

1'he redUction ratio is. the ratio of the ~verage
diaJneter of the -feed to the average diameter of the
product. Most machines in the coarser" ranges of
crushing have a reduction ratio from about 3 t<J 7.
Fine grinders may have a reduction ratio as high as
100.

In free crushing, the crushed product with· \vhat
ever fines have been formed is Quickly removed afwr
a rclatfvely Jihort ~ojo\lm in the crushing zone. "fhc
product. may flo\v out .by gravit.y, be blo\vn out \ViUl
comp~ air, be \va8hed out \vith ,vater, or be
thrown out by centrifugal force. "fhis method of
operation prevents the formation of an excessive
amount of fines by limiting the number of contacts.

In choke feeding (the antithesis of free crushing),
the crusher is equipped with a feed/hopper aDd kept.
filled (or choked)' so that it does not freely discharge
thf' ('rtl~hf'rl proou('t.. "fhi8 in('''f'H~:-:. gr~at.l.y t.he prn
port inn of finf'R prodllcprl and df'cr('a~,.; t.he capsc'it-y.
In·Home instances r.hokp. feedin~ may rp"'ult. in ~~on

omy of operation, eliminating one or more redtu~ing

stages because of the large quantity of fines pro
duced.

Each Htagc in ~ize reduction may, and frequently
does·, have a size-separating unit follo\'/ing it. If the



&~ERGY REQUIREMENTS

The mechanical energy supplied to the crusher is
ahvays greater than that indicated by Rittinger's
number, as friction losses and inertia effects in the
equipment require more energy than the actual pro
duction of new surface. Also, fracture is accorn
p1ished, not by static loading, but by exceeding the
minimum rate of loading or deformation. Even
brittle substances adjust themselves to slowly applied
loads, and fracture does not occur the instant the
load is applied but only when the rate of loading
e".eeeds a certain minimum.

The total energy supplied to the crusher, tbere
fore, depends upon the rate of load application, which
differs with the type of machine and conditions of
operation. Table 10 gives values for the new surface
'produced per unit of energy supplied to the material
being crushed in a laboratory ball mill operated at
the same speed but with varying weights of similar
balls· in the machine whilt' grinding equal weights of
quartl.

TABLE 10. J4:XPERIMENTAL VALUES 01.' NEW
HITRFACE )llODUCED PER UNIT OF ENERGY

FOR QUARTZ

Calculated by 8ubt~ting the energy required to drive the
mill containing balla but no material from the total eneJ'IY
required to drive the operating mill for the same IeDith of

time.

Total Weight
of ~:. in

Ball Mill, lb sq in. /ft-lb sq cm/ft-lb sqemlkl-em

36 5.6 36 2.6
71 10~ 1 65 4.6

142 12.7 82 5.9
178 14.6 94 6.8
249 12.1 78 5.6

Drop weight
method 37.6 243 17.56

The new surface produced per unit of energy sup
plied to the material being crushed in a ball olill is
much less than for the drop weight crusher. This
may be explained by the high percentage of ineffec
tive blows and other losses in the ball mill. The
important practical point is the variation in effec
tiveness of size reduction with the total weight of
balls charged, showing a maximum value at about
175 lb of balls in this particular mill.

Vables of the Rittinger number as determined in
the drop weight crusher represent maximum eft"e('
tivene88 in size .reductio.n and may be used in culeu-

lating t.he crush.ing effectivene88 for any such opera
tion. In the ball mill with 1781b of balls, the crush
ing effectiveness is 94/243 == 0.387. In this manner
the performance of various machines, and variations
in the same machine, can be compared.

The overall energy eff"activeness (or efficiency) of a
crusher is always much less than the crushing effec
tiveness, &8 the latter does not include the mechan
ical losses such as friction and inertia. The capacity
of ball mills cannot be accurately calculated because
of the effects of variables such aslihe relative grind
ability of the material and the range in size reduction.
An approximate idea of the capacity and power
requirements of ball mills, both cylindrical and
conical, may be gained by reference to Tabie 11.

TABLE 11. CAPa 'TY AND POWER REQUIRE
MENTL ~F BALL MILLS

b.lt.
\ppruimase AYtrIII
'1apui'J. toM/24 Iar

diam- Approsima&e ApprcW- i . Moe.
.... X Ball Load. ...&8 ~iL&o ~ iDe &0 Uia.· a....
Iendb Ib Rpm 48 ..... ...... 100 .... ....
IX2 1.000 16 I I ...
IX4 2.000 16 h II 10 II-II

4X4 1.300 30 ~ 10 • ••
IX4 1.000 21 • II 30 ...
IXI 7.100 • I. • 10 4CHO

IXI 1.000 21 1. • 60 ao-eo
IXI 10,000 21 110 110 10 71-100

:XI 12,000 21 210 171 100 .1.

IX 12 24.000 • 100 Nt .. ....
7XI 21,100 • 100 110 .. nt-I•
aXI 28.000 12 GO .. 210 ...-

IOXI 74,000 17 1100 1100 Me .....
C....... JlUII

2 X ~~ lOG 40 4 1 2 I

3 X ~:I 1.100 36 12 10 I 1-1

aX2 2,000 36 17 11 13 10

IX3 9.500 28 100 10 eo ...
IX3 16.000 24 I. 130 10 ....76

7X4 27.000 23 300 220 . . 110 1•

IX. 38.000 21 480 110 .. 270 171-.

12 X I 110.000 II lIDO 1_ 1000 700-I0O

Illustrative Example. A ball mill operating in cloeed
circuit with a tOO-mesh screen gives the screen analyaes
below. The ratio of the oversize to the undersize (product)
strealn is i .0705 when 200 tons of galena are handled per day.

The hull mill requires 15.0 hp when running empty (with
the balls hut without galena) and 20.0 hp when delivering
200 tons per day of galena. Find:

1. The effectivent·~~ of (~ru.~hing b~ on drop weight
cru.~hing :loX 1.00.

2. 'rllt~ ()V{~nt.lI energy t~ffidency.
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TABLE 15. MAXIMUM LUMP SIZE AND SPEEDS
FOR CONVEYOR BELTS

Maximum I Maximum Belt speedat, rpm
Lump Crou-

Bel,
Si_, iDe Sec)- Nor-

-Free- IWidda,
tional mal

'Area of Speed,
iDe

UDi- Wi'h Load, rpm Fl. Average Abraulve
o",ng Mate- Mate-

form 90% 8Q ft Mate- . It rial t
SUe Fines rial. na

--------------------
14 2 3 0.11 200 400 :JOU 250
16 2~ 4 0.14 200 500 300 250
18 3 5 0.18 250 500 400 300

20 3~ 6 0.22 300 600 400 :IDO
24 4~ 8 0.33 300 600 !'>O() aM
30 6 11 0.53 350 700 aoo 3n()

36 8 15 0.78 400 800 600 400
42 10 18 1.09 400 800 600 "00
48 12 21 1.46 400 800 600 400

54 14 24 1.90 450 800 600 400
eo 16 28 2.40 450 800 600 400

• JPree-fiowina includes such materials as grain and fine-sized anthracite
ooal.

t Average iDeludee such rnaterials as coal, crushed stone, sand, and
fine ore.

~ Abrasive includes such materials as coke, screened lump coal, gravel
a:ld ooaree ore.

TABLE 16. MAXIMITM CA:?ACITIES· FOR
CONVEYOR BELTS

Max:mum Capacity wit.h Materials of

Belt Cu Yd/ Various Bulk Densities, tons/hrat l00fpm
Hr at

Width, 100
in.

Fpm 25 50 75 j 100 l~
Lb/Ft3 Lb/Ft3 Lb/Ft3 Lb /Ft3 Lb/Ft3

---__1_----

14 23.6 8 16 24 32 48
16 31.1 10 21 31 42 fl3
18 39.6 13 27 40 54 81

20 49.3 16 33 49 66 Hn
24 72.4 24 49 73 98 147
30 116.7 39 79 118 158 237

36 173.3 57 115 172 230 345
42 242.2 82 165 247 330 495
48 324.4 110 220 i 330 4-lO 660

54 422.2 142 285 427 .~70 R5fi
00

I
n33.3 180 360 MO 720 IORO

• Operating capacities of fiat belt conveyors are taken at
one-half of those listed. Capacities of inclined conveyors are
5 to 10 per cent leRR than listed. For material weights and
SI)f,'Cds other than shown above, usc direct proportion for
tonnage calculations.

TABLE 16A. APPROXIMATE WEIGHTS
OF CONVEYORS

Flight con~eyors

4 X 10 to 6 X 18 0.5 Iblin. of width per running foot
8 X 18 to lOX 24 1.0 lblin. of widt.h per running foot

Belt conveyors 1.0 Iblin. of width per running foot

Actual dinlensioruJ and weights are avnilable io rnanufactumn'
catalogues.

Po\ver requirementH for t.ripperM ~y be computed
aM follows.

hp = YB + Z7'

\vhere S = belt speed (fpm).
T = peak capacity (tonsjhr).

Y and Z are constants from follo\ving table.I

Con- Width of Belt, in.
stant 14 18 18 20 24 30 38 U 48 ..

y. 0.0020 0.0020 0.0028 0.002V 0.0034 0.0047 0.0010 O.ooee O.ocr 0.0100
Z 0.0035 0.0081 0.0081 O.OCMO 0.0040 0.0010 0.0010 0.0016 0.0010 0.0070

An interesting modification of the belt conveyor
is the zipper conveyor which is essentially &belt con
veyor ,vith the edg~s zipped together to form an
endless tube (Fig. 60). In o~r&tion the tube is
closed after being loaded and is zipped' open at the
point of discharge, remaining open until the loading
point is reached. Because the tube is flexible and
completely encloses the material, it may travel
around corners at any angle and in any plane.

Apron conveyors are similar to belt conveyors in
that solid materials are carried in a moving trough,
but the trough is formed of articulating sections of
\vood or metal instead of a continuous flexible belt.
Apron conveyors are frequently employed \vhen the
material to be conveyed is lumpy, abrasive, hot, or
other\vise injurious to flexible belts. Their weight
restricts apron conveyors to relatively short hauls
and much lo\ver speeds, but they are capable of
carrying much heavier loads than belt conveyors.
The only discharge point is at the head end of the
conveyor.

Apron conveyors'may appear in several types of
construction, but the usual form, sho\vn in Fig. 61,
consists of t\VO endless strands of roller chain \vhie"
arf' connected hy dotlhlp-hparlpd ~tppl panR. 1"118

idpR of the beadinll: iH t.o mainhtin a continuous
trough to prevent leakage in transit, and to prevent
material from being \vedged bet\veen the aprons
\vhen the load is being discharged at the head end
of the conveyor. 'flte bpading u,lsu pl·cve.ltM Jnat~a

rial from slipping back\varu \vhen the conveyor is


