


PREFACE

During the past few years an increasing interest has
been shown by industrial operators and research organizations
in particle sizing information and in methods of size analysis.,
Accordingly, the present studies were undertaken at the Mines
Branch to provide both an up~to~date and comprehensive review
of different sizing methods and an evaluatioﬁ of these methods.
It is hoped that this basic information will make possible an
intelligent selection of the sizing method best suited to any
particular problem and will result in greater confidence b-eing
placed in sizing information.

Part I of this Information Circular was previously
issued on a limited circulation as Research Report No, MD 200
of the Division of Mineral Dressing and Process Metallurgy,
April 11, 1956, Because of the wide demand for that report, it
has been reorganized and is being re-issued, along with Part II,

in the present Information Circular IC 106,

L”’\J hn Convey,
Director, Mines Branch.
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of Sizing Methods; Part II: Sieve Analysis.

by

%k
R. F. Pilgrim

ABSTRACT

Part I is intended as a general introduction to the
study of methods of particle size analysis. Included are
definitions of the terms 'particle size' and "particle shape',
methods of measuring shape factors and correlation factors
(i.e. factors relating the size of particles measured by
different methods), and a classification of sizing methods
to provide an orderly framework for this study.

Part I, on sieve analysis, is divided into three
chapters. The first is concerned with the structural
characteristics of sieves, the various sieve series and
standard specifications, and methods of certifying sieves
dimensionally., The necessarily wide tolerances on siev-
ing cloth permitted by standard specifications provide a
logical basis for the detailed study of sieve standardization
methods in the second chapter, The third chapter deals
with the mechanics of sieving, i.e. the way in which sieves
are used in size analysis and the various factors which
affect the accuracy of sieve analyses, Sieving is shown to
be a statistical process, the probability of a particle pass-
ing through a sieve depending on several factors, Each
of these is discussed in some detail to show, for example,
the advantages of using wet sieving and a rate-defined
sieving end-point,

*Scientific Officer, Mineral Dressing and Process Metallurgy
Division, Mines Branch, Department of Mines and Technical
Surveys, Ottawa, Canada.
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GENERAL INTRODUC ;I;ION

The methods of measuring the fineness of a particulate _
material may be divided in a general way into two classes: those that
characterizé thg material by a single figure such as the specific
surface (surface area per unit weight) or average particle size, and
those that measure directly or indirectly the size distribution of
the material, During the past few years there has been a growing
activity and interest in the field of fineness determination. Evideﬁce
of this is the enormous volume of literature which has been published
on methoids of particle sizing and related topics. A recent
bibliograp‘hy published by the British Whiting Federation(l) lists 550
references to methods of measuring particle size distribution and
specific surface of granular materials; the list is admittedly
incomplete.

In view of the large number of methods, and variations of
them, which have been described, it has become almost imperative
that a complete survey and a critical assessment of the available
methods be undertaken(2). This is the purpose of the present
Information Circular. Owing to the extent of the field, these studies
will be concerned only with the second class of fineness measuring
methods, namely, those by which particle size distributions are

determined.




A number of reviews have appeared on rnethoyds of
measuring particle size distribution, be Herdan and Smith(3),
Schweyer and Work(4), Heywood(5), Work(6), Berg(7), Roller(é),
Ta)ggart(‘)b),. Cadle(10) and DallaValle(2), but th’éy have all lacked
completeness and to some extent impartiality.

‘The iﬁcreasing Aimportan‘ce, of particle sizing rriay Be
judged by the amount of current literature devoted to the subject and
by the wide variety of indﬁstries which nov‘V rely on size analysis for
control. Many of the applications of particle ;ize analysis to
reséé,rch :‘:md .induétry have been listed by DallaValleTv(Z)',v'H,awkf.sley'(ll)
and Heywood (1 VZ).' Nc; list could 4be éqmﬁlefe, however, since new' uses
for sizing infqrmétion are continually arising as technological advanceé
are made.

Particle size analysis is used in aln;lost every phase of
mineral dressing. Crushing and grinding, classiﬁcaiion, thickening,

'filtration,_ flotatiop,and all the various concentratio&and extraction
processes are regulated and controlled,to a greater or lesser extent,
by‘the information obtained from particle size anaiysis. While sieve
anal'ysi'é has always been the principal sizing method used in :rnilling
operations, thg trend towérd finer grinding and_.the treatment of low~-
grade finelyf_ground oré:'; has heightened the interest in and the use of
many methods of measufing particle size distriﬁution in the sub-sieve

range..




Particle sizing' methods have also been applied as control
and research techniques in many other widely differing fields, They
are used in the paint and pigment industry; in powder metallurgy; in .
the study of Yarious sedimentary products such as gravel, silt, and
clay; in the cosmetic industry; in the study and control of atmospheric.,
industrial and mine dust and smoke, and boiler and furnace grits and

scale; in the preparation of grains and cereals, starches, flour, and

cocoa; in the grading and manufacture of cement, ceramic clays, and

moulding sands; in the preparation of colloidal precipitates; in

adsorption studies; and in various phases of biological research.
This list, although incomplete, indicates the importance
and wide use of particle sizing methods and equipment, both in con-

trolling and in developing various industrial processes.




PART I - THE DEFINITION OF TERMS AND CLASSIFICATION
OF SIZING METHODS

CHAPTER 1

DEFINITIONS OF THE TERM "PARTICLE SIZE" .

A common fallacy in interpreting the results of particle
size analyses is that the measured or indicated ''size'" of a particle
. is the same regardless of the sizing method used. Only in the case of
‘ sizing.spheriéal particles is this true. The miséonception arises, no
: ."do'ub»t, .fr“orn‘ the fact that many of the methods for sizing irregularli— :
v".'vlé'ha..ped.pla.t_lrt‘:_'i.c'lesA are based on theories which are der_iw}ed for |
s phe ric al ;pa‘fltic les.
While the size of a spherical parficle is completely
defined by it‘s diameter, the definition of the size of an irregular
- particle depends on the property of the particle being considered.
Different methods of particle size analysis assess different size-
dependent properties, such as volume, surface area, or resistance
to motion in a fluid. Sinée many of these methods are based on /
theories which are derived for spheres, as stated above, the size of
an irregular particle is conveniently expressed as the diameter of
. ‘the sphere having the same volume or sﬁrfacc, etc.
By consid.eﬁng the three basic properties of'a particle
to b{3 its volume, its surface, and its resisté.ﬁce to motion in a fluid,
Hawksley(lB) deﬁnéd three basic sizes: the volume diameter, 6, i.e.

the diameter of a sphere of the same volume; the surface diameter,
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4\, i.e. the diameter of a sphere of the same surface area; and the
drag diameter, dd’ i.e. the diameter of a sphere having the same
resistance to motion in a fluid. Hawksley suggested that, for many
sizing methods, the measured "size!' could be related to one or more
of these bas:;Lc gizes.

In sieve testing, the particle size is defined as the side
of a square aperture through which the particle just passes. Herdan(3)
has stated that this is equivalent to the diameter of the sphere which
just passes through the square aperture. In his study of size testing
by sieving, Heywood(l4) noted that the size separation was independent
of the largest dimension of a particle. He stated that particles of the
same smallest cross section (a function of breadth x thickness) were
considered to be equal in size. Andreasen(l5) defined the particle
size for sieve testing as the side of the cube k equal in volume to the
particle, and measured it by counting and weighing particles which
just passed through or were just retained by a particular square
sieve opening.

In particle size analysis by microscope, many different
deﬁnitions are used., In general each of these is an approximation to
5, the volume diameter, defined as the diameter of a sphere of
equivalent volume(l3) or to k, defined by Andreasen(l5) as the side
of the cube of equal volume. .Both 6§ and k have been measured by

counting and weighing particles in closely sized fractions(15, 16).



Howé\}er, by direct microscopic measurement, where
pé,rfiéles are'genei'aily Viewed in their rﬁost stgble positions, the |
estimate of & is based "on the two largest dimensions of the particle. -
Since the shortest dimension (particle fhiclcness) perpendicular to thé
’focal plane is normally neglected or is difficult to measure, the size'
estimates are necessérily high. ‘EVG.I‘I .Wheﬁ measurements of the
i:hree dimensions of t~he part?éle are made, the size ba;sed on
,estimateld \}olurrie éan only be appfoxi;rnate, due to particle shape :ind
surface corifiguré,tion.

In the Case:sv wh'e_rfa.micrqscopid estima;tion‘s were made of
the length L,‘ breadth B‘and'thicknesé T o_f,parfic].es, W;l‘k(é)

‘ suggested two ldefi‘nitions o’f'particl‘e size. These were given as
m ‘andnl/é (L+ B + T). The harmonic ndean, equal to
3L.B.T/(LB + LT + BT), was suggested by Green(17). Roller(s,18)
showed that the hdrmonic.meah was equivalent to 6V/S where V is the
volume and 8 is the surface area of the parﬁcle. Iﬁ ferms of then
basic Asi‘zes dgfined by Ha;wksley.(l?)), this size is equal to 63/A2.

| In general, speéd and ease of measurement are main
considerations in conducting microséopic size analysgs . Foxj these
reasons primarily, the most popular definiti.ons"' for micrbscopically
measured pai‘ticlé size e;.re Based on some dimension or dimensiéns’ |

of the projected outline of the particle.




The mean projected diameter is defined by Heywood(5) as
the diameter of the circle having the same projected area as the
particle lying in its most stable position. This definition of particle
size has been widely used and studied. Wadell(16) called this siue
the "nominal section diameter'; Beirne and Hutcheon(l9) ca.lléd it the
- "gtable area diameter'; Hawksley(13) called it merely the "area
diameter” and stated that the mean area diameter for all particle
~orientations was equivalent to the surface diameter O\ .

Similar to this size designation is Perrott and Kinney's
diameter(20), defined as the side of a square having the same area as
the projected area of the particle.

By measuring by microscope a single linear dimension of
the particles always in the same direction, one obtains a so-called
gtatistical diameter. Examples of this type are statistical diameters
defined by Feret(2l) and Martin(22). The diameter defined by Feret
is given by the distance between two parallel tangents to the viewed
outline of the particle in a fixed direction. According to Martin's
designation the diameter is defined as the length of the line bisecting
the projected area of a particle in a fixed direction for all particles.

Weigel(23) defined the microscopic size simply as the
arithmetic average of the two visible particle dimensions, i.e.

L+ B

> . Work(6) considered the thickness of particles, implicitly at

least, by defining the size as the shorter of the two visible

dimensions, i.e. B,



Many of these definitions have been: Iistéd" and described
by Sch‘wey;er(244). | |

Elutriatidn and sediment;;t'on methods of pérﬁicié ,s'vize
anal'y‘sis are based' on Stokes' law Whiph states that the velocity of a

sphere of diameter d and dehsity/a séttling in ;jn infinite fluid of

1 - 2 ' :
density @ and viscosity p is given by T8 g-%—w———/g) g d2 where g is

the gravitational constant. Each non-spherical particle has a .
. characteristic séttling ve locity i.nva fluid' of known dens;ty and .
~Viscosit}hr.' Hence its size is conveﬁiently defined as the diamleter of
the sphéré of eQuiYalent r‘density and settling Veliociiy célculatgd by
;éfékes' law. | " |

 The size defined in this manner is thus independent of
particle shape A. It is ;)f,ten reférred tq as thelbsed'imer‘itation or the
Stokes! Vdiameter,' but it mighﬁ bé more properly termed the Stokes'
equivalent spherical diameter. In terms of tl;le basic siizesA,dAef'ine‘d by
Hawkéley(l?»), the Stokes' equivalent spherical diameter ié equal to
A/ 63/dd, where, as befqre, 6 is the volume diameter and d ié the

d
| dra:g diameter.
| Andreasen(l5) and Berg(7) extended An.dreésen's
definition of pa?ticie ’size ﬁsed for sieving and ;ﬁicroécopic
Sizing(l’S', 25) to sedi;méntatién 'and elutriétion by relating the size, Kk,
eqﬁal to the cube roqt of the paitiéle’ volume, to the Stokeé' 'equiva.lent;
sphe‘rical diameter, d_s by the équation k = 77“/_6 d_.

¥




CHAPTER 2

DEFINITIONS AND MEASUREMENTS OF
PARTICLE SHAPE FACTORS

The shape of particles has a pronounced effect on the
behaviour of material when being sized. The passage of particles
through a sieve, the estimation (;f particle sizes microscopically, and
the settling velocity of particles in a fluid are all dependent on
particle shape. However, because of the co.nventions used in defining
the term '""particle size'" for different sizing methods, it is not
necessary to quantify particle shape in particle size analysis.
Nevertheless, shapé factors have been evaluated to determine the

relationships between the various ''particle sizes'. Also,

determinations of particle shape fact;)rs have been used in studies of
various size-dependent properties, such as the covering power of
pigment particles, and the packing and sintering of metal powders.
The shape of an irregular particle may be defined in

terms of either its geometrical shape, i.e. the closeness with which
the particle approaches the shape of a sphere, cube or other regular
geometrical solid; or the particle proportions, i.e. length, breadth,
and thickness(l2). Some shape factors are directly applicable in
relaT_:ing particle size to the volume oi' surface area of the particle;

other factors are merely descriptive.
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2.1 Héywood's Shape Factors

The most,fund’amental approach tojthe quantifyiﬁg of .
particle éhé.pe is thét dﬁe to.Heywood(5, 12; 26); His :énalysis, ba.sed'
on‘the micréscopic’élly determined projected area diameter', _ dp’ is
used éfifnariiy tdxca..lculate fakctors' for correlating the different
particle Vsyi(zes.(l 2, 27).

"Heywood first rigorously’ defines the dimensions of an
irregular part:icle. vAssu-nAnin’g the pai‘ticle to be resting on a plane in
the position éf greatest sf?biiity, the»breadth; B, is rdefined as the
: m1n1mum 'ndiétv:a‘nc.e bet.ween.’t:WQ p‘arvaliel tangents té the viewed

particle b,i;ofile, afi‘d.t‘he length, L, is fhé diéténce bet_ween two
parallel lines ta;lgent to the profiié and'perpe‘n'dicular to the lines
definiﬁg the breadth. The fhickxiess,“‘T.,_ is deﬁned as the mai_:imum
i’leight of the particie above, and perpendidular to, the plane of
gr:‘ea’teét stability. o |
4"I'he' volume ahd surface shape factors, o, and o are
defined by ti'le equa;fions
ST VT e e = S
/ whefe V and S are the pa{rti'clie Volume'and surface area,
respectivAely,‘ ahd clp is f.the; prlojécted area dianifatér . |
| -To evaluate :dv iﬁ terms of I, B and T,. }ieywood deﬁnes
two expressions ciescribing the geometi‘ical 'sHape éf a papticie. _
‘Thes';e are thg'p’r‘ojected.area ratio,_ap, andgthe pﬂsmdidal iati'o’

Pr, given by
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jected £ icl T dEZ
0@ = projected area of particle -
b LxB 4 I B
3
p = Yolume of particle O dp _ day dp
r T x projected area of particle ~ a2 T - T T
P
4

By eliminating dp from these two equation, an expression for a, is

obtained:

Two further ratios define the proportions of a particle.
These are the flakiness, m = B/T, and the elongation, n = L/B . The

factor T/VL B in the equation for a_is then .
v m Vv

Heywood states that, if it is imagined that the
proportions of a particle are changed without altering the
geometrical shape, so that m = n= 1, the volume shape factor for

this equidimensional particle is given by

and a =

Hence, the effect of particle proportions can be determined
independently of the geometric shape. A large number of
measurements of,Pr and o,p for particles of various shapes give
values of a which vary between fairly narrow limits, 0.38-0.54. By

using an average value of @ and estimating m and n, determinations

of the volume shape factor of sufficient accuracy may be obtained.
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Heywood'é expression for the surface shape factor is

4/3 -
a .

T o4 ¢ (_,9.,.> (_u__l.
2 m

n
i 4/3 n -+ L
5~ 1 Cuay 173 )

The de'rivationlof this equation(28) is based on a;i analysis of the,

R
il

i

effect of 'varying'i)arti,cle proportions on'the surface area of different

geometric.:al st?lids. The factor C, like « ‘dei)ends solely on |

ge'ometrical shape. Valu,eé of,C determir;i_ed for large particles also ‘
, va:ry'b'e:j:ween narrow limits, Zf.l to 3,3. “'I“he surf?c@ shaﬁe factor,

. ""a-s, gar'l»‘,‘bé‘} :det’f.‘a‘rﬁﬁne_d’by aééunﬁng an averggé Valu'e'vovf.C: along Wi.th,
| an estimate of péxftiélé proiabrt'ion‘s .

Hé'yw;)od's (volunie and surface shape factors have been
criticizedr by Sc';hweycr(zél) and I{awksley(l 3)/_Qn~ﬂ'1e grounds.that |
determ:;tﬁations of ay ana (] 'Qere made,’ of .nécgssity? “on large
vparticles/and may not‘apply ‘e.qual_ly to‘ﬁtlle siz.les of the safme".
mater"ival.' Alth011gh considerébie aiffere,nce of opinion is evidéﬁt in
the literature fegarding the Yari_ati.on"of shape with ‘é:'t.ze, ’suc'hv ’
investigafors as AAn'dxu'easen(IS), Martin ami Bowes(29), and B'onvd(30) |
have found shape to be independent of partiéle s_i‘ze‘.

2.2 Average _Vblum‘e and Sil,rfacé Shape Factors

Heywood's analysis, described in the previous section, =

provides a means 6f“determining shape factors for individual .
particles.. However, to characterize the non-sphericity of a sample -

of particles, average volume and surface shape factors are
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determined, based on the particle of average size, volume and

surface, These factors are defined by the equations

and F = asd ,

where ¥V and § are the average volume and average surface area of a-
sample of particles and d and d are the mean volume and mean
v 8

surface diameters respectively, dV and ds are given by

3/ 2 _ /2 (nd?)
dv =3 En and ds = —i—:—*— ’

where n is the number of particles of size d. Since a particle count

is réquiréd, d is measured by sieve analysis for coarse samples and
by microscopic size analysis, using one of the many definitions of
particle size, for sub-sieve samples.

In the determination of a the mean volume diameter dV
of the sample is first obtaine-d. The mean volume ¥ is determined
from the number of particles per gram, N, and the density,p , of

the material by means of the equation

T e
v --/0 N ]
. 1
from which @, = T
P4,

This general method was used by Hatch and Choate(31)

and by-Martin, Blyth and Tongue(22).




I4
The surface shape factor a is determined from measure-
ments of the specific. sixrface, SV'V, which is the surfai;e' area p’ei' unit

weight, and is given by the equation

g = 5 ag dg
v PY - Payd
' 4.3
o dy
(_)r u‘s = %y 'S\/(Y q 2
: 8

Sincé the x;xéthods of measuring spééific surfa;ce.giye,'_Widéiy différent'
‘results, 'then Va;lues of'o;S va;ry v;;ith't.b."g‘r%:te:tbt.od ﬁsetvi‘.A The method .

' described by‘Da,,lla;Valllé(ZZZ}'; :'whéA'reviri the surface area of qgé.r-t;

| pafr“;iclgs 1s detejrmi,ned by.s obluti"o'n 1n d’i‘me‘_ hydroﬂuoric .’a'c.id‘.- is

’iimited, in applicabili'ty, to silic‘édus materials. .

2.3 'ZVD‘etsériptiVe Shape Factors -

| A .lnur‘nb'er of different methods of Ade'finit'lg'a'.nd«rrjxeaSuring-‘
factors descriptive of iaarticle vshap’e have b\ee,h'propbsed?.“ .'i‘hé'se é.re
"di,svcu'ssed,unde‘r'the heading _éf ithe .na::.rle(s),ovf tihg'pr;‘)pqéir;g'z;.'u.thdxj‘(s). "

'(ﬁ) Wa‘.‘del‘l:, o - | | | | |

‘ Wa;lell(lé) has defined twﬁ gxpreséions by whlch th;a -s[h‘apév
of coarse irregulﬁr ﬁarticle’s mé.y be charactérized. ‘The firs't_ié the .
”degree of true sphe"ricity"', defiﬁgd»afs g/j = s/S, where ‘é is the
surface area of a sphere; of 'the samé volume as’ the"p:ar_tic_le 'ar.xd'.s is.’
the actual sux;faée area ’olf the parti_cle. B‘ecauée of ,fhe ,difficu‘ltieé 4iAanolved.
in meésuring’ thg‘sﬁrféce:areai aﬁd volur’ne’ Ao‘fj a"Sma;lll palrt‘iclzlg,‘“ Wé,déll :
defiﬁéd'ﬁ éecgnd éxpreégiOn whicﬁ hé car,lled't’hve‘ "\dégr‘e‘e_ <:)f" ﬁjﬁe o

circularity'!. The circularity, ¢, is given by ¢/C, where c is the
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circumference of a circle of area equal to @he projected area of the
particle resting in its most stable position, ;'md C is the actual
perimeter of the particle outline. |

Wadell showed that ¢ = ¢/C was equivalent to dp/dx;’
where dp is the mean projected diameter defined by Heywood{l12} and
dc is the diameter of the smallest cifcumscribing circle to the
particle outline.

More recently, Walton(32) determined geometrically that,
when the particle profile had no appreciable re~entrant angles, a
measure of the statistical diameter defined by Feret(2l) was
equivalent to the diémeter of a circle having the same perimeter as
the particle outline. Hence,he suggested that the degree of true;
circularity was given by the ratio of the mean projected diameter d
to Feret's diameter.

Values of both sphericity, sy , and circularity, ¢, are
1.0 for spherical particles and 1.0 for non-spherical shapes.

Besides being descriptive of particle shape, the
sphericity and circularity factors were shown to bear definite
rela;tionships to the settling properties of particles.

(b) Austen and Gilbert:

To correlate filter performance with particle size and

shape, Austen and Gilbert{(33) measured Feret's statistical diameter(21)

and the coefficient of variation K :\/ Klz + KZZ , where Kl is due to

scatter in size and KZ to deviation from- spherical shape. Kl is
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détérmined by dividing fhe étandar.d deviati_on by the mean of the
diamefe’rs. . Kz is obtainéd by meavsuring 1':he.3 djiame"ter 'Qf a nurxiber.of
particles in foux orientatiolns sPaced at intervals of 45°. The four
die;meters are 'divi‘clléd‘by their mean and }Kz is then the sﬁandafd :
| deviation :fror'nunity of all quanti’ti'ers obtaiined 1n this way.. K2 varies
from 0 for particleé of circular prof:"tle to 0.484 for needle-shaped
particlés .
(c) 'Schwey’er':
| Another descrip’tivle factor is due to.SchWeyer'(,le) énd is
\ ".def?ngd »as‘ K = ;o.s/‘d.v'. kSc;hvvv’eyv'er‘ ';f.avc?ﬁfeé the use of K s'.itic'e"z. it
,béré'a direét r'erlati'c;nship to specific surface. K is; detéimined byﬁ
microscopic es’tinvlatio'n’ of ﬁhé dim‘ensions of rep rése'ntative.paj;ﬁcles
in closely sized fractioﬁs . Values of K range fro"m 4 to 14 f'or'
particles @hich are a!cicu_lar to plate-~like in shape.
(d) Beirne .ant'i. ﬁﬁtcheon:.
. 4In a study of the packing of ground petroleum 4éoke

‘ particlgs and the ’e:xtgnt of theirf orie.ntation in a.fluid stream, Bei'rne
~and ‘Hutc'heon(l 9) used a deécriptive shape facvt;nj which is dAefinéd by
the‘rel.ation | N | | |

' )

0"‘, = -a-;— s

where & = Hawksley's volume diameter(13)

and d

i

Heywood's projected area diéi’netex (12).
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These experimenters felt that microscopic estimation of

particle size was too prone to personal error. Hence, they contrived

to measure

A

j<

12

three separate factors, namely

specific projected area = integrated area of the
orthogonal projection of particles having a total mass
of 1 g in their most stable position withdut overlap;
(square centimetres per gram)

specific particle volume = integrated volume of
particles having a total mass of 1 g, i.e. the
reciprocal of the particle density; {(cubic centimetres
per gram)

number of particles per gram, i.e. the reciprocal of

the mean particle mass.

The particle volume, - = I 63,
N 6
1/3
from which 5 = (—%— ‘1\\1{" /3
Also, the projected area —é = I d 2
£l p J 2 N - 4 p 3
1/2
from which d = (—i ——A—-—
P 7T N

Therefore, the descriptive shape factor

& - 5 6l/3 77-1/6 v1/3 NL/6)
- dp_ - 2 Al/2
1/3 1/6
= 1.10 — N .

AI/Z
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The fécfor’ A' was determined’ by a photoéell ﬁlea'surement
of the iight t'raﬁsj‘n;i.ttied. thvfough a slide on which particie;s"ix/eré |
dispe;sed, and V was measured bya mercury density method. To
measure N, ASi‘t'lgrl/e partic‘les were ‘dAfé}.wn byv a slight»#acﬁum from a'
'dilute.' sgspensién thrOugh a fine ca}):i-lléxy. Th_ese particles passed
.succes siveiy beneétin the objective of 'a fﬁicroscope and interCéiited
‘light‘falling on, 'a4photom‘§u1tip‘lie‘r mounted in the eyepAie‘ce.- The
counted partic‘les were collécted and weigﬁed to give N.

"Th‘e value of 36“ is 1.0 for‘ sphéresarid:‘( 1.0 for non-
l'spherical ‘s.hapés-. Beirne and Hutcheon fourd that & for coke was
“about 0.5, corres'p;)ndi.ng to particles whvich'v are far from sphefical in

shape.’ |
(e} St'ein’heA'rz:'

A désériptive shape factor, defined as dp/TM, is given by
vS’teinh-erz(34)," \%{herg dp = proj‘ected’area diameter and TM = mean
particle thickness. This factbr'is detgrmined on sizéd fractions by
first counting and wéighing a number of pafticlés to determiné the
mean pa‘r‘ticle_.'volume. ,' By rﬁicroscopic ineasuréments of dp, the mean
projécted aréavof‘ the pazl'i’t‘i'cles' in fhe same fraction is obtained. Then

TM:: mean thickness = ratio of the mean. particlé volume to the mean
projected area.
(f) Bond:

BOnd(30);déﬁned a factor f which 'measur‘ed' the variation of

the effective particle shape from that of the ideal ellipsoid having axes
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A, B, and C, where A is the longest dimension of a given particle, B
is the longest dimension at right angles to A, and C is the longest

dimension at right angles to both A and B. f is defined by the relation

f e -
—/)Vac

where 2 density of the material,

11

weight of sample,

€
0

volume of the sphere of diameter
equal to the average particle size,

<
1l

1l

@i w)»>

and ¢

. In the determination of f, which is made on screen-sized
fractions, w is obtained by weighing and counting a representative
number of particles., The average particle size is the arithmetic
mean of the nominal apértures of the sieve on which the particles are
retained and the next larger sieve in the \/7 series through which
the particles pass. Theé ratio a is determined by Bond's block
method. In this method,particles were placed on their flattest side
and packed together as closely as possible,without overlapping,in a
square block having an area calculated to contain 100 spheres of the
same average size. The number of particles actually contained in
this area,divided by 100,is equal to a. The ratio ¢ is evaluated
by screen analysis of the saméle, first on square-aperture sievgs
in the v 2 series, and then, after re-mixing the sample, on a series

of sieves having slotted openings equal in width to the square openings
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of the screen scale and having lengths abou?; three times the slot
width. Bond plotted both analyses on a log éercent passing vs. log
size graph and measured the horizontal spacing, n, between the two
curves at each square sieve size. Then ¢ was calculated from the
relation |
logc = —-0.1505 n.

Bond's factor f wés used to characterize the shape of
particles in the studies of the coﬁtrol of particle size and shape in
~ecrushing and grinding.

2.4 Summary of Methods for Characterizing Particle Shape

In thié section a nLﬁnbe‘r of fnethods' for ei'aluatingthe
shape of ir‘regular particle; .have been described. Although it cé.nnot
be claimed that this list is complete, the methods described represent
the approaéhes that are generally made when a measurement of particle
shape is required. f’articular emphasis has been placed on Heywood's
analysis,for two reasons. The vfir:lat is that Heywood's is the only
method based on fundémental properties of an irregularly-shaped
particle. By means of the equations evolved in his analysis, thé
effe‘ct of geometrical shape has been,for the first time,separatefi from
thé,t'due to the dimensions of a particlg. The second is that, ‘by usiﬁg
Heywood's analysis, a n‘ieans exists of determining, theoretically,
factors which relate. the particle sizes defined fc;r different sizing

methods.
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CHAPTER 3
CORRELATION FACTORS

Methods of size analysis based on different principles, and for
which different definitions of particle size are used, give, in genexal,
different results. Correlation factors are defined here as factors
relating these differently-defined particle sizes, so that

(1} there will be no break observed in the size distribution
curve where two or more methods are used to size a sample
in order to cover a wide range of sizes;

(2) size analyses may be compared when two or more methods
are used to size a single sample in the same size range.

Only for spherical particles will different methods of size
analysis give the same results. Since it is the non-sphericity of
particles which causes the results obtained by various methods to
differ, factors relating them have been called ""'shape factors'(3, 13),
However, it is suggested that it is preferable to designate these factors
as ""correlation facfors", leaving the term '"'shape factor' to
characterize actual particle shape.

Most correlation factors have been determined empirically
by comparing analyses on the same sample by different methods of
size analysis. Howgver, as pointed out in the preceding section,
Heywood's analysis, by which volume and surface shape factors are
determined, may be extended to obtain correlation factors from 'basic .

theoretical considerations.
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3.1 Derivation of the Factor Relating Microscopic Diameter
and Sieve Aperture . :

The largest particle which will just pass a square sieve
opening of side A is one in which B~ T/~ A, where B and T are the
breadth and thickness of a particle as defined by Heywood(26). Hence,

to a close approximation

B 2B2 _/ 2m?
A B2+ T2 Vm241

where m = flakiness = B/T.

Heywood's equation for the projected area ratio is
| a.’ .
@ = LR
p 4 L.B

H

where dp = projected area diameter and L = particle length as defined

by Heywood. For angular particles he found o.p = 0,75.

a4 -/3LB _ /3uBZ
o P T m

where n = elongation = L/B. Itmay be written

d
P _ [3n_
B Jr

b _[_zm®
"B m2 + 1 y

d
A

>
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Table 1 gives calculated values of this ratio for various

values of particle flakiness and elongation(3).

TABLE 1

Values of dp/A for Particles of Varying Proportions

o\ 1 1.5 2,0 2.5
1 1.00 | 1.14 1.23 1.28
1.5 | 1.22 | 1.39 1.51 1.57
2 1.41 | 1.61 1.74 1.82
2.5 | 1.57 | 1.80 1.95 2.03

The calculated values vary from 1,00 for equidimensional
particles to 2.03 for particles of extreme elongation and flakiness.

3.2 Derivation of Factor Relating Microscopic Diameter and
the Stokes' Equivalent Spherical Diameter

Robins(27) gave an expression for the ratiod /d , where
p’ s
d is, as before, the projected area diameter and ds is the Stokes!'

equivalent spherical diameter. His equation is

o

(W“s)l/z

6 a
v

{

Al

where a and a are Heywood's volume and surface shape factors(l2).
v 5 :

The derxivation of Robins' equation is as follows:
Hawlksley{13) showed that w = (ds/ﬁ )4, where § is the diameter of the
sphere of equivalent volume and w is Wadell's degree of true
sphericity(16), equal to the ratio of the surface of a sphere of equal

velume to the actual surface of the particle.
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By definition, % -—E-——— ¢ Where A =z;surface.. .. ... .
A a A 2 '

diameter as defined by Hawksley(l 3) Hawksley showed that

- ] ’ [ P N A N s
d — c AT e U A R TN 1 P S R A L
o~ » L R e - e e . B v

P
N /o LT
_;u; rra
P

Equat1ng the two expressmns for (//

O 7

. 3 Qg "‘cAl"dZ
oo 67 = Sl P s .

", It was shown by Heywood(12) that -

T | T

P

Equating these two expressions for 53,

a , 6 a
2 g a2 = et g 3 ,
P s /A p
d
or -—---—p - M:aS)l./-E
ds 6 a
v

The equation for the theoretical relationship between’ the
Stokes' equlvalent sphellcal diameter and the correspond:mg sieve
aperture is obta1ned by d1v1d1ng the expressmn for d /A by tha.t for

d )
P/ds




dg 36 ay m%n

(7a /2 7 (m2 + 1)

Tables 2 and 3 give values of dp/ds and ds/A as calculated
by Robins(27) for particles of various particle dimensions. In making
these calculations, Robins selected average values of Heywood's non-

dimensional constants, a = 0.47 and C = 3.,0.

TABLE 2

Values of dp[_ds for Particles of Varying Proportions

A\ 1 |2 2 2V2

1 1.00 | 1.26 1.39 1.59

V3 1.17] 1.32 1.50 1.73

2 1.271 1.44 1.61 1.86
TABLE 3

Values of dS/A for Particles of Varying Proportions

A\ 1 (V2o 2 22

1 1.00{ 0.89 0.89 0.82
V2 1.02) 1.02 0.98 0.89
2 1.11] 1.11 1.08 0.99

A number of empirical values of these three correlation
factors have been determined by different investigators and are listed

in Table 4,
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TABLE 4

Empirical Values of Correlation Faclors

Material Mesh Size dp/A. dp/ds |4 /A | Ret
. |Copper shot .10 1 1.05 .1_,}()01'2“12‘1?l o { 5)
“IGdlena . - , 325 1.14 (24)
Silica - 325 N 1.09 (24)
.'I1Sand - A D - 10 1.40 |- 1,392&M 1 ( 5).
"o 18- 1.39 ( 5)
Sillimanite , 10 1.50 1,47 8E ( 5)
o 100 1.48 : , ( 5)
" . 300 1.45 ( 5)
Coal 10 1.48 1. 4gBPE (5)
" "~ 100 1.46 ( 5)
" 300 1.40 . ‘ ( 5)
" : ' 325 -] 1.09 (24)
" minus 200 1.56 (27)
Coal minus 15u 1. 5555 (36)
' Glass | minus 15p 4 1.49 » : {36)
Blast furnace ‘ ‘ L
slag - 100 |1.48 | 1.60%H% ( 5)
oo 100 1.40 ( 5)
nooon 300 | 1.41 e ( 5)
Limestone 10 | 1.56 1,74’;§;§§ ( 5)
Plumbago - - 10 1.61 175 ( 5)
Talc 10 1.76 | 1.74 ( 5)
wo 100 1.60 ( 5)
" 300 1.65 ( 5)
Gypsum 10 1.56 1, 942%1,3‘&:A ( 5)
" 100 1.53 ( 5)
" _ 300 1.61 ( 5)
Green slate 325 ' axx | 087 (24)
Flake graphl’ce 18 1.69 4, 36AM ( 5)
Mica 10 1.68 | 11.60 ( 5)
"o : 325, , 0.80 (24)
Petroleum coke | 36-52 | 1.94 | , (19)
"o 52-727 | 2.02 | a9
o . 721001 2.65 1 9)
" v 100~ 12071 2.18 : ' ' (19)
n ; 120-200°, | 1.87 (19)
oo 1200-240" ] 1.84 ' (19)
b4 British Standard Association mesh designations ..

A% - The actual observed value of d /d was 1.35, However, since

the determinations of m1crosgoplc size were made on particles in
. no preferred orientation, the value of d_ was calculated from the

P, ,
relation 717 A 2 - as dpz , where A is 'the surface diameter and
a, = surface shape factor = 2.39 for coal dust, '
AXAA Values of d /d given by Rose(35) obtained from an empirical relatlon,
‘ 0.72 _
laad \/_(],— 2
v

based on Heywood's settling data(5).

d?/ds
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A comparison between the calculated correlation factors
(Tables 1, 2 and 3) and the observed factors (Table 4) indicates that
there is a considerable measure §£ agreement. In general it appeaxs
that the theoretical factors can be applied with confidence in relating
particle sizes defined in different ways.

Factors relating many of the other microscopically
determined particle sizes have begaen given by Schweyer(24), Rose(35),

i

Skinner et al(37), Heywood(26), .and Steinherz(34).

It should be emphasized that correlation factors, as suclh,
are not necessary for determining the particle size distribution of a
particulate material. However, where a discontinuity occurs in a
disfribution curve when different sizing methods are used to size
different size ranges, or where it is required to assess the
differences between size analyses done by different methods on the
same sample, it may be necessary to apply such factors as have
been described in this section.

CHAPTER 4

CLASSIFICATION OF METHODS OF
PARTICLE SIZE ANALYSIS

Particle sizing methods have been classified in various
ways by different writers(38,4,6). However, for the purpose of this
series, the classification suggested by Heywood(12) was selected
since it permits the clearest distinction to be drawn between

different methods.
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Siiing meithoAds are first claséified into two groups: those
depending on gevorn'evtrvi-cantl similarity, i.e. the size and shape of;
particiés alone; and those ciep’ending on aerodynamic or hydro-
| d"y>namiv’, similarity’, i.e. the size, sha‘pe and dénsity of particles.
The first group consists of sieve énalysis and miéroscopic»methods», |
while in fhe second grOuP are those methods which are ba’.éed on
Stokés' la;w of settling.‘ Using a si:hilz;r classification, DallaValle(Z)
designated the first groﬁp as direct, and‘the secoﬁ.d groub as ind.ixjeAct
méthods. " |

| | E Table“S gives fhe corﬁpl’ete cias sifi'cati_oq Of, the methlods
‘qf'pa/rticie size'zlinalysis.tétvbe discussed in fufure féborts of tﬁis
serieé . | |

TABLE 5

' Classification of Sizing Methods
- Group I -  Methods based on geometrical sirb.ilarity.

A - Sieve analysis
B - Microscopic size analysis

Group II - Aerodynamic or hydrodynamic similarity.

A - Elutriation

1. Air
2. Liquid

B - Sedimentation _
. 1. Mefhods giving a size distribution directly

(incremental) '

2. Methods giving an accumulation curve from
which the size distribution is determined
(cumulative)

3, Methods giving sized fractions




PART II - SIEVE ANALYSIS
CHAPTER 5
SIEVES

5.1 Definition

A sieve or screen is defined by the American Society for
Testing Materials (A.S.T.M.) as a plate, sheet or woven cloth, or
other device, with regularly spaced apertures of uniform size,
" mounted in a suitable frame or holder, for use in separating
material according to size(39a.). The same standard definition states
that,unless otherwise specified, the term ''sieve'' applies to an
apparatus.iﬁ which openings are square, and the term '"'screen'" to an
apparatus in which the openings are circular. In general practice,
however, the terms "'sieve'' and '"'screen’' are used interchangeably.

Sieve analysis is applied to the sizing of particles in a
wide range, from about 4 in. pieces to particles as fine as 40p
(0.0016 in.).

5.2 Construction of Sieves

In general, sieves for testing purposes are constructed of
woven-wire cloth having approximately square openings and are
mounted on 8-in. open frames. This standard mounting procedure
allows several sieves of different mesh to be nested with a cover and
receiver. This is especially convenient where machine sieving.is
used. In some special cases, punched plates are use;d instead of the

woven-wire cloth. These may have square, circular or slotted
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openings and can be made to closer tolefat’}ces than the w;)venéwire
sieves. Due principally to problems of cc_)n'sfruction, punched plates
are generally available only for s‘i__zé’s in excess of 1/8 in.. Pt;.nched.
plates hax'r'e been used for the sizing of coal.

MacCalman(‘lOb) has described in detail the weaviﬁg and
cohsﬁructi‘on’ of Qéveh-wiré sieves. vPla’;vin weave constrﬁction is usgd
- for sieve cloth down tvo/Z.OOV mesh (about T4 aperturé);. Siéves finer
thaﬁ 200 mesh are manuf;wtur'ed of twill weave cloth.,

In gene‘ra'l,wov‘en«“wire sieves pre constructed of brass or
of »phosphbr bronze. For s_pecial requiremoents, étainless jste‘ell,
mo’nc—;kl‘or mild s,te‘el is used. .-' ‘While 8-in. diametér fhountitig framég
are staﬁdéfd for testing sieviés, sfnalle; or larger fi‘ames,raﬁg:".ng

from 3 in. to 12 in. are obtainable.

5.3 Standard Sieve SeAries vand Sieve Specifications

So that sieve éizi;lg results may be compar’éd and
duplicated, a number of 'séfigs,of sieves have been eé%:éblis.’hed. Each
of thesg series consists of sievés ‘hav.ing definite nominal éperfures
and ‘wire ,diaméters .

The hist‘oyry and develoﬁment éf the ~\’ra.riou.s sieve sgries
hés been describéd by ,M‘aqc)almelln(fw‘e’l). These é.éries, have been |
establishéd, for‘ the moét palrt, on a regibnal b;;,s:is., On the Nbrth
Arﬁei’icari cc’)ntinent'the_ ’Z.[‘Vyler series(4i) is "widély used and’is;‘base.d |
on"é‘Z.OO mesh /sievé having an aperturg of 0.6029 in., or 74@; Thé

nominal aperture sizes of successive sieves in the series form an
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approximate geometric progression, i.e. a constant ratio exists
between aperture sizes of successive sieves in the series. In the
case of the Tyler series the ratio is \/ 2 or, for close sizing, W.
The U.S. sieve series(39b) has the same ratio but is based on the 18

mesh sieve having an aperture of 1 mm. Actually, the Tyler and U.S.

~series are almost completely interchangeable s The tolerances on

sieve openings and wire diameters given by the U.S. Standard
Specifications are used for both series.

In Britain, the Institution of Mining and Metallurgy (I.M.M.)
Standard Laboratory Screen Series, which was set up in 1907, has
been almost completely superseded by the British Standards
Institution (B. S.) Fine Series(42a). The B. S. series has also a
{/7Z inter-sieve ratio and sieves of this series are, in general,
interchangeable with Tyler and U.5. standard sieves. The slight
variations in aperture sizes are due to differences between British
and American wire gauges.

On the European continent, the German Deutsche

Industrie~-Normen (D.I.N.) series(43) is widely used along with the

Tyler series. The German series is similar to the French

Association Francaise de Normalisation (A.F.N.O.R.) series(44),

which has an approximate inter-sieve ratio of ‘\O/TO- = 1.259.
Associated with most of these series are standard

specifications listing the permissible tolerances on size of openings

and wire diameters of sieves for testing purposes. The American,
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British, German and Canadian standard specifications for fine mesh
tes'ting sieves are given in Tables 6-9 respectively‘. Table 10 lists

the comparative mesh ‘designations and nominal apertures of the

Tyler, U.S. Standard, I. M. M., B.S., A.F.N.O.R. and D.I.N.

7

sieve geries.
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TABLE 6

American Standard Specifications for Fine Testing Sieves(39b)

Permissible Variations
Sieve in Average {in Maximum Wire
Sieve Opening, | Opening, Ope ningM, Diameter,
Designation mm percent percent mim

3L 5.66 3 +10 1.28 to1.90
4 4.76 3 ~ 10 1.14 to 1.68

5 4.00 3 10 1.00 to 1.47

6 3.36 3 10 0.87 tol.32
7 2.83 3 10 0.80 tol.20

8 2,38 3 10 0.74 to1.10
10 2,00 3 10 0.68 to 1.00
12 1.68 3 10 0.62 to 0.90
14 1.41 3 10 0.56 to 0.80
16 1.19 -3 10 0.50 to 0.70
18 1.00 5 15 0.43 to 0.62
20 0.84 5 15 0.38 to0.55
25 0.71 5 15 0.33 to 0.48
30 0.59 5 15 0.29 to 0.42
35 0.50 5 15 0.26 to 0.37
40 0.42 5 25 0.23 to 0.33
45 0.35 5 25 0.20 to0.29
50 0.297 5 25 0.170 to 0. 253
60 0.250 5 " 25 0.149 to 0.220
70 0.210 5 25 0.130 to 0.187
80 0.177 6 40 0.114 to 0.154
100 0.149 6 40 0.096 to 0.125
120 0.125 6 40 0.079 to 0.103
140 0.105 6 40 0.063 to 0.087
170 0.088 6 40 0.054 t0 0.073
200 0.074 7 60 . 0.045 to 0.061
230 . 0.062 7 90 0.039 to 0.052
270 0.053 7 90 0.035 to 0.046
325 0.044 7 90 0.031 to 0.040
400 0.037 7 90 0.023 to 0.035
A The nominal size of sieve aperture in microns is also used as

sieve designation, e.g. No. 18 (1000p).

A& For sieves from No. 18 to No. 400, inclusive, not more than
5% of the openings shall exceed the nominal opening by more
than one-half of the permissible variation in maximum

opening.
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TABLE?

Brltlsh Standard Spec1f10at1ons for Fine Mesh Normal }
and Special Test Sieves(42a) o

: Aperture Tolerances,percent
. Nominal Wire A A
_ o Average Intermediate Maximum,
Nominal Width Diameter
Mesh. of Aperture, ' ‘ A Normal Speoial Normal |Special [Normal|Special
Number microns microns S. W G SBieves |Sieves | Sieves | Sieves | Sieves: | Bieves
5 3353 1727 154 3.2 3.0 7 7 11 10
6 2812 1422 17 3.2 3.1 7 7 11 10
7 2411 1219 |18 3.3 3.0 1 7 11 10
8 2057 1118 18% 3.3 3,1 1 7 12 10
10 1676 . 864 | 20% 3.3 3.0 8 7 12 11
12 1405 711 |c22 3.4 3.1 8 7 12 11
14 1204 610 23 3.6 3.2 8 7 13 11
16 1003 584 23% 3.5 3.3 9. 8 13 12
18 853 559 24 - 3.9 3.3° 9 8 14 13
- 22 699 457 26 4.0 | 3.3 9 8 15 13
25 599 417 27 4,2 3.3 | 10 8 16 14
30 - 500 345 29 4.4 3.4 | 11 9. 17 15
36 422 284 311 4.6 3.5 | 11 10 18 16
44 353 224 341 4.8 3.6 12 10 19 17
52 295 193 36 - 5.1 3.7 13 11 22 181
60 251 173 37 5.3 3.8 14 i2 23 20
72 211 . 142 38% 5.5 | 4.0 16 13 25 22
85 178 122 | 40 5.9 4.3 17 14 29 24
100 152 102 42 6.2 4,5 18 16 32 27
120 124 86 43% 6.5 4.7 22 18 37 30
150 104 66 45% 7.1 5.1 24 20 41 34
170 89 61 46 7.4 5.4 27 22 49 40
200 76 51 47 . 8.0 6.0 31 25 53 - 43
240 64 41 48 8.4 | 6.8 | 35 28 64 52
300 53 30 49 . 9.0 | 7.1 40 32 71 57
350 44 28 495 11 ' 48 85
A Maximum permis sible deviation from nominal wire diameter is one half gauge.

Hhhh

Average aperture width shall not be greater or smaller than nommal size by more.
than average tolerance. ' ‘

‘No more than 6% of the openings shall be larger than the nominal size, and no more

than 6% of the openings shall be smaller than the nominal size by more than the .
intermediate tolerance . :

The maximum p051t1ve dev1at1on in aperture Wldth shall not exceed the maximum

tolerance .
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TABLE 8

German Standard Test Sieve Specifications(43)

Range of Maximum | Nominal Maximum
Sieve Designation Previous Tolerances on Wire Tolerances
and Nominal Aperture,| Designation, Aperture Width, Diameter, | on Wire Diameter,
mm imesh per cm percent mm percent
6.0 10 to 20 2.5 +8
5.0 10" 20 2.0 8
4.0 10" 20 1.6 8
3.0 10" 20 1.2 8
2.5 10" 20 1.0 8
2.0 10" 20 1.0 8
1.5 4 10" 20 1.0 8
1.2 5 10" 20 0.8 8
1.0 6 io" 20 0.65 8
0.75 8 10" 20 0.5 10
0.6 10 10" 20 0.4 10
0.5 12 10" 20 0.34 10
0.43 14 10" 20 0.28 10
0.4 16 10" 20 0.24 10
0.3 20 10 " 20 0.20 10
0.25 24 12" 25 0.17 10
0.20 30 12" 25 0.13 10
0.15 40 12" 25 0.10 10
0.12 50 12" 25 0.08 10
0.100 60 15" 30 0.065 10
0.090 70 15" 30 0.055 10
0.075 80 15" 30 0.050 10
0.060 100 15" 30 0.040 10

Note: The tolerances on both average apertures and average wire diameters is

L 59 for all sieves in the series.

shall lie within the range of maximum tolerances.
Not more than 6% of the measured wire diameters shall exceed the tolerance
on average diameters.
In determination of the average value of apertures any aperture which is more
than 5% below the nominal value shall be disregarded.

Not more than 6% of the measured apertures
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TABLE 9

Canadian Government Specifications for Woven Wire Testing
‘ Sieves (45)

Tolerances (in each d‘ir"ect:'ton),percentf‘q‘*:“‘!L
Average Opening Maximum Opening
Designation, Opening, Wire DiametersA, Standard | Special Standard Special
microns || mm min . Sieves Sieves . SBieves Sieves
5660 5.66 1.68 . K R A 371 410 + 5
4760 - 4.76 1.54 .3 2 10 5
4000 | 4.00 - 1.37 3 2 10 - 5
3360 1 3.36 1.23 3 2 10 5
2830 ° | .2.83 1.10 - 3 2 10 5
2380 2.38 1.00 3 2 10 5
2000 | 2.00 0.900 3 2 10 5
1680 1.68 -~ 0.810 3 2 10 5
1410 S 1.41 0.725 3 2 10 5
1190 1.19 0.650 3 2 10 -5
1000 . 1.00 0.580. 5 3 15 8
840 1 0.84 0.510 5 3 15 8 .
710 0.71 | ' 0.450 5 3 15° 8
590 0,59 0.390 5 3 15 8
500 0.50 . 0.340 5 3 15 S
420 0.42 0,290 5 4 25 10
350 “0.35 0.247 5 4 25 10
297 0.297 0.215 5 4 25 10
250 - 0.250 0.180" ) 4 25 10
210 0.210 0.152 5 4 25 .. 10
177 0,177 0.131 6 4 40 20
149 0.149 0.110 6 4 40 | 20
125 0.125 0.091 - 6 4 40 .} .. 20
105 0.105 0.076 . 6 4 40 20
88 0.088 0.064 6 4 40 20
74 0.074 0.053 7 4 60 20
62 0.063 0,044 7 ’ 60
53 0.053 '0.037 7 60
44 0.044 |  0.030 ( 7 - 60
37 | 0.037 - 0.025 - 7 ' " 60

A The average diameter of the warp‘alnd weft wires, taken separately, of the cloth of
any sieve shall not deviate from the nominal value by more than the following:

Sieves coarser than 590 microns - ,54%
Sieves 590 microns to 125 microns - 10%
Sieves finer than 125 microns | ~ 15%

Ak When the tolerance for maximum opening is 15% or more, not more than 5% of the
openings measured shall exceed the nominal width of opening by more than 25%
and in any sieve not more than 10% of the openings measured shall exceed the
upper limit for size of average opening.
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TABLE 10

Comparative Mesh Designations and Nominal Aperture

Sizes for Different Standard Sieve Series

Inst. of Mining

and Metallurgy | British Standard| French German
Tyler(4l) (U.S., Standard{(39b) (42a) (42a) Standard(44) | Standard(42a)
Mesh| mm ([Mesh mm Mesh mm Mesh mimn mm Mesh | mm
3415.613| 33 5.66 6.0
4 14.699 4 4.76 5.00 5.0
5 13.962 5 4.00 4,00 4.0
6 13.327 6 3.36 5 3.353 3.15 3.0
7 |2.794 7 2.83 6 2.812
8 12.362] 8 2.38 5 2.540 7 2.411 2.50 2.5
9 [1.981] 10 2.00 8 2.057 2.00 2.0
10 {1.651] 12 1.68 8 |1.574 | 10 1.676 1.60 ( 4) 1.5
12 11.397| 14 1.41 12 1.405
14 [1.168| 16 1.19 10 1.270 14 1.204 1.25 ( 5)([1.2
16 j0.991| 18 1.00 12 1.056 16 1.003 1.00 ( 6) 1.0
20 10.833} 20 0.84 18 0.853
16 0.792 0.80 ( 8) ]0.75
24 10.701} 25 0.71 : 2.2 0.699
20 0.635 0.63
28 10.589| 30 0.59 25 0.599 (10) | 0.6
32 {10.495] 35 0.50 30 0.500 0.50 (12) 0.5
35 10.417] 40 0,42 30 0.421 36 0.422 ( 14) | 0.43
0.40 (16) | 0.4
42 [0.351| 45 0.35 44 0.353
48 [0.295| 50 0.297 40 0.317 52 0.295 0.315 ( 20) ]0.3
60 [0.246] 60 0.250 50 0.254 60 0.251 0.25 ( 24) | 0.25
65 {0,208} 70 0.210 60 0.211 72 0.211 ( 30) ) 0.20
80 10.175{ 80 0.177 70 0.180 85 0.178 .
100 0.1471100 0.149 80 0.157 100 0.152 0.16 ( 40) | 0.15
90 0.139 )
115 |1 0.124}120 0.125 100 0.127 {120 0.124 0.125 ( 50) | 0.12
150 [0.104] 140 0.105 120 0.107 |[150 0.104 0.10 - ( 60) | 0,100
170 | 0.088] 170 0.088 150 0.084 |170 0.089 ( 70) { 0.090
200 10,074 200 0.074 200 0.076 0.08 ( 80) | 0.075
250 [0.061} 230 0.062 200 0.063 |240 0.064 0.063 (100) | 0.060
270 | 0.053} 270 0.053 300 0.053 0.05
325 10,043 325 0.044 350 0.044
400 {0.038) 400 0.037
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5.4 Methods for Sieve Certification

The.A.S. T,.M.’ Standard Speci,fi;:a'.tién,s for S'iew}és for'vv
'Il'/esting Purposes(39b) 1n.cl.udez; a deséfiption of the methods used by
t};e National Bureau of Standards for sieve certification, ifé. for
assuring that a sieve conforms dimensionally to sp.ecified': tolérahqes
Projecﬁoﬁ techniques are emplo*fed to cast an image of the wire mesh
on a ground gla's;s screen, a means being provided to traverse the
sieve in both warp and wobf directions. It is fom’ui that the most '
reliable results are obtained by measﬁring five to ten wire diame'ters,
determining the nﬁm‘bér of wires for a unit length and then computing
the size of the average opening. This progéé-lure is followed o‘ve_’r the
whole sie\.ring surface. At the same time, oversize openings are
measured and indications of non-uniformity in the sieving cloth are

- noted. A similar method is uéed by the British Standardé
I'nstitutio'n(42a)'to certify that sieves of the B. S. .Norrrial or Special
series conform to sp_é'cifications .
CHAP,TER 6
STANDARDIZATION OF SIEVES

6.1 Permissible Toleranées on Wire Mesh Sieves and the
Necessity for Standardization 4

An examination of the standard specifications for sieving
cloth given in Tables 6-9 indicates that the tolerances are surprisingly
large. However,they are evidently consistent with the difficulties

encountered in fine sieve construction. For. example the A.5.T.M.
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specification(39b) for the U.5. sieve series allows tolerances on the
size of the average opening of from f5% for the 18 mesh sieve to

i-7% for the 400 mesh sieve. The tolerances on the size of maximum
openings vary from +15% for the 18 mesh to +90% for the 400 mesh,
with the added condition that not more than 5% of the openings shall
exceed the nominal opening by more than half the permissible tolerance
on the size of the maximum opening. Accordingly, a certified 400
mesh sieve, having a nominal aperture of 37y, is permitted to have

an average aperture between 34 and 40p and also to have as many as
5% of its openings between 54 and 0.

The British Standards Institution has specified two fine-
mesh series for testing sieves -~ the '"normal" and the "special".
Both séries have the same aperture sizes and wire diameters, but
the tolerances allowed on the special series are considerably smaller
than on the normal and hence the special series is used where
higher accuracy is required(42a).

To demonstrate the magnitude of the variations in sieve
aperture permitted by the American specifications, Table 11 was
prepared. Calculations based on specified tolerances were made for
selected sieves in the fine mesh range. The other sieve
specifications permit variatious in aperture size similar to those
calculated from the American Standard. It is apparent,then, thaf;
certifying that a sieve meets the standard specifications does not

ensure that the sieve is structurally perfect,
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"TABLE 11

Permissible Apefture Sizes for Selected Sieves '
of the U.8. Standard Sieve Series, According to the
- American Standard Specifications

Not more than 5% of
, measured openings to lie
‘ ‘ Av_eré._ge Opening . between limits,and none ‘
Sieve . |Nominal | - L - | to exceed upper limit
Designation,| Opening, Min | Max _ |Lower Limit,|Upper Limit,
" mesh microns | microns | microns microns microns
20 840 | 798 | 883 903 967
- 30 . 1 590 | 561 620 - . 634 671
40 420 | 399 441 473 525
- 50 297 282 312 © 334 371
70 210 199 221 | 236 ' 263
100 .. . 149 140 4 158 . .} 179 ; 209
140 105 99 111 126 : 147
200 74 69 - 79 1 9% 118
270 . 53 49 57 77 101
325 ¢ 44 - 41 -} 47 64 T 84~

400 . __37 - 34 .40 1 54 70
| In addition,it ha’s beép noted by MacCalman(40c),

Pollard(46), Lake Sﬁore Mines(47), the British‘Standards '
Institution(42a) and the National Bureau of Standards ({18),tha“t' .sieve
Cervtification does .n'ot ensure that comparablé éiéving r’esu‘.lt_s will 5e
obtained. Wide var-iatio-ns in results were obtained when‘differeni:
'certif-ied .sie’ves of thé_vsa{me nominal apertures were compared,
espegialiy at the finer sizeé.’ In view of the wide va‘riatiéhs. allowed |
in sigving‘clolth, ‘as shown iﬁ Table 11, such discr’epgncies in éieving

results are not unexpected.,
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Moreover, most practical.sievev sizing is done with
uncertified sieves, Hence, the errors in sieving results from these
are likely to be even larger than when certified sieves are used.

Some disagreement exists in the sieving literature
regarding the relative effect of errors caused by variations in the
sieves themselves, as compared with errors caused by other sieving

variables, such as sieve loading and duration of sieving. However,

it is generally agreed that some method more sensitive than

certification for calibrating or standardizing sieves is necessary.

6,2 Methods of Sieve Standardization

Because of imperfections in drawn wire, and in methods for
weaving and mounting it, there is a considerable and variable spread
in aperture sizes in each particular sieve. As a result, also, of these
imperfections, the apertures are not,in general, perfectly square.
Obviously, then, the problem of standardizing sieves having such
constructional imperfections is not likely to allow of a simple or
generally acceptable solution,

The term ''standardization'' implies that the sieving
results, or the sieves themselves, are to be related to some standard.
This standard may b e either some material for which the size
distribution is known and may be assumed or measured, or another
sieve with separating cha.ract‘eristics that are known or can be

measured,
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A number of diffelfent methods have been proposed for
standardizing testing s;leves . Several of these will be briefly
described in thié, section. AlthOuéh the list is not exhaustive, it
includes the principal methods which have been or are being used. in
addition, ityaindicates the Vziried a’ip’proﬁ,ches that different workers in the
‘sieve sizing fiéldl have adopted to correct for the unavoidable e’rrors‘ in
woven-wire sieves dge to the generous tolerances allowed in their
. manufacture.

In general, sievq standardizatidn methods may be classified
into five groups, namely:

1. Th.os‘e in which the effective erarating size ’of a sieve is
: determinedA B'y méasureme~nts of wire diameters and- apertﬁre
widths.
2. Those in which the effective separating size or size
‘distribution corrections are deterxﬁined by sieving a standard
calibrated sample of spherical pérticles i
3. Those in which size disti’ibution co}rrect'ions‘ for sieves are
determined by comparison with the gieving results obtained
with master' sieves.
4. Those inbwhich effective separating sizes of sieves,or size
distribution correcti;mé,are detérmined by using a standa‘rd
sample having a size diétribution which follows some

theoretical size distribution law.
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5. Those in which the effective separating size of a sieve is

determined by size measurements of sieving products.

6.2.1 Standardization by Measurement of Wire Diameters and
Aperture Widths:

(a) In a study of the sieving of metal powders, Pollard(46)
noted significant variations when different sets of certified sieves
were used to size the same sample, He found that these differences
were greatly reduced when comparisons were made on the basis of
the size of the average opening, as determined by standard
certification tests, instead of the nominal opening.

(b) To calibrate testing sieves, Weber and Moran(49) also
used a précedure similar to the standard certification tests.
Measurements were made on representative groups of five adjacent
individual openings along the warp and woof directions, measuring
the same number of openings in each direction. Good reproducibility
was obtained by 100 measaréments on sieves coarser than 200 mesh,
and by 200 measurements on 200 mesh sieves or finer. The average
opening i,and the percent standard deviation S = 100 O‘/X_,were
calculated, 6~ being the standard deviation of the X's. Weber and
Moran noted that, when the value of S exceeded 6%, sieve non-
uniformity was evident.- They concluded that, for sieves having
S < 6%, the effect‘ive separating size was given adequately by-)-f. For
sieves where 8 > 6%, indicating a considerable number of oversize
openings, the effective size was dependent on the duration of sieving

and was then calculated from the following empirical equation:
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X, = X |1+ 0.092t (%76?9 R
where Xt‘ is. the éffgctive dpening for a sieving time t, |

—X"is; the average opening measured by the microscopic method

de‘scr-ibed above, |

t is tAhe" sieving time in minutes,and §is thg percent standard

deviation. - |
Webér and Moran stafed that t.hes’e values X and Xt .were
independent of the siie diétributio_n of material sieved.

(c) Ina fhoréugh investigation of -Brifish StandarAd/ sigires; ;
MacCalma;.n(40’é) used certification teéhniques to meé.sﬁre dimensional
‘ charéctgristic;s_’ qf a number qf‘ sieves; both hew and used, ffotﬁ
coarse to 200 rriesh.' Mean aperture sizes, mean wire dié.metérs and
the frequency of bversizé -opépings were measnuréd for each sieve. »
Mécéalman attempted to corfe_late 't.hese,measuréménts, with th.e.
ctorresponding’éieving results on a standard’ sample,'l_ising a'rigor0u1s
sie\:ring. ~pr§ce_dure. He found that, 'althoug-h"there was an appé.rent
tendency for sieyi.né resulté to fqllow'the mean é.perture size, it
appeared impossible té predict éievingieéuits froﬁ a icnowledg'e of

the dimensional characteristics of the siéve‘s .
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6.2.2 Standardization by Using a Calibrated Sample of
Spherical Particles: :

(a) In his sieving tests to lnvestigate possible correlations
between the dimensional characteristics of sieves and the sieving results,
MacCalman(40c) used a sample of essentially spherical steel shot. He
found that glass beads were unsuitable, apparently because of
electrostatic effects in sieving. By using spherical particles, the
‘effect of irregular particle shape on sleving results was eliminated.

" In addition, by sizing the spheres by another method, i, e.
microscopically, it was possible to calibrate the sieves absolutely,
rather than relative to one another. The effective separating size of
the equivalent "perfect" sieve was thus obtained by interpolation from
the calibrated distribution curve, i.e. at the cumulative percentage
oversize corresponding to the cumulative percentage retained in the
test. He noted however, that sieve apertures were, in general,
rectangular in shape rather than perfectly square. Hence, the
effective aperture given by spherical particles was a measure of the
lesser width and did not necessarily coincide with the measure of
effective aperture in sieving irregularly shaped particles.

(b) Another intense investigation of sieving was conducted at
the U.S5. National Bureau of Standards, the results being reported by
Carpenter and Deitz(50,51). They used a calibrated sample of
spherical glass beads to standardize sieve openings.

Their procedure was as follows: Different lots of glass

beads obtained from various manufacturers of highway markings were
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mixed to produce a l"arge sémple having a continuous size distribution

in the range from 18 mesh, U.S. Standard (lbOOp) to A1 70 mesh (80p). -
Non-spherical beads were éeparated and rej‘ecte‘d." A careful sampling
procedure wzﬁs used to c‘ut an original head samplei weighing 56 1b

into 256 100-g samples. |

| | The size distribution of one of these sub-ysamples was

measured By microscopic count and, éize estimation on é.bout 10,000
'beads; A CﬁrVe Aplottingv the curhulative welight pércentage finer than
varioﬁs diameteré against bead diaxﬁeters was ob_tai‘ne':d.' .For
standardization, aﬁother 100 g sample was sieved on thé sieve in
question,using a standard pr_bcedure. The effective size c’oﬁ:fesponding :
‘to tj};e meaéﬁred percentage passing this éieve was obtained froxﬁ the
calibratiop cﬁrve. Conversely,‘ from the calibration curvé, thé ,
percentage finer than the ‘n(mginal sieve aperture sizes could be
obtained, prox}iding 'in this way a correction to the pércentage passing

for each sieve tested.

Carpenter‘.and Déitz showed that ,the discrepancies
betwéen gsieve analyses on the sé.me s’ample'using different sieves
couid be largélf eliminated.by use of 4the standard calibration method,
Wﬁen éieving glass beads, they did not find the deleterious_elect;ro—v,
static effe.%cts tﬂat'were noted by MacCalman in his preliminary search’ '
for a sténdé.i'd mate;'ial for siéve calibfation.
(c) In the Canadian Government Speéifications for la,b'orator}f

test sieves (45), the use of the glass bead method for routine checking
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of sieve calibration was suggested. It was also stated that samples
of glass beads, already calibrated,may be obtained from the Bone Char
Research Project, Charleston, Massachusetts.

(d) Johnson and Newman(52), in a study of the sieving of
granulated sugar, used the glass bead method of sieve standardizatio‘n

developed by Carpenter and Deitz and claimed to have obtained good

correlation between sieving results. They found that this method

provided a means of checking the name-plate designation on a sieve,

and also permitted detection of sieves having cracks along the seam
by giving inordinately large effective aperture sizes on standardization.
6.2.3 Standardization Using Master Sieves:

() As the resu.li; of his investigation of sieves, MacCalman(40c)
recommended that standardization could best be accomplished by
establishing a set of master sieves against which sieves used in
routine size analyses could be performance~checked. A sample of
material,similar in size range, size distribution and shape
characteristics to the rnateriél to be sieved,could be used, and a
correction factor obtained equal to the difference between the w‘eight
percentage retained on the test sieve and that retained by the master.
It was preferable that master sieves meet the requiremeﬂts of
standard sieve gpecifications. MacCalman noted that the correction
factors were not stJ;'ictly applicable to all size ranges, size
distributions,and particle shapes. Separate standardizations were

generally required for different materials. However, if the test
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sieveé were chosen so,thaf the qorrection factors Wére not excessive,
it was found that the sensitivity to size frequency vériatioﬁs was
reduced.

(i)) Thé extensive work of MacCalman in studying the
characteristics of test sieves led dixjec-tly to the adoption of changes
in the British Standard 410:(1931) on ’.I‘ei‘g,tj Siéves‘.- The new sta.ndafd,
| B.S.A 4:10:(19'43), émbodied many of MacCalman's suggestions and .

. included the master-sieve standardization method.

: - v
(c) Lake Shore Mines(47) set up 250 and 325 mesh master

sieves to s(tandardiz‘e size‘a.nélyses in their investigations of fine
grinding. They found that uns tandafdized siéves were not suitablé
for determining size analjfses in grinding: the magnitude of their
errors in many cases masked the true sizeA effect. However, by
standardization they found it possible to obtain reliable results on "
sieve analysesv. Because of the nature of their ore,’(Lake Shore f01:1nd
| it hecessary to use an involved system of wet and dry sieving.in their
standardization procc;dure. | |

(d) Reéently, 1t was proposed té extend-fhé Lake-Shore
methods tov sieves from 48 to 325 ﬁesﬁ in setting ub é, set of master

scree‘ns' f.or/the Canadian mining industry, at the Mines. B:Vr’anch 1n
Ottawa. The sugge'sted pr.o;:edure, descriﬁed by Djingheuziap(53)‘;
wa.é adopted in 1953, Three sets of Tyler sieves were performance~
checked,using a number of different ores of diffg?ing grinds. 'i‘hese

sieves were designated as master, first and second sub-master
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sieves, the master sieves being those which retained the largest
weight percentage. Details of these tests and their results were
given by Brannen and Djingheuzian(54). It was suggested that mill
operators who wish to have their sieves standardized send them to the
Mines Branch, along with a representative sample of the dry mill
product to be sized. The sub~master sieves would be used to
determine the master correction to be applied to each sieve. It was
also suggested that the sieves standardized in this way be retained by
the mine as a standard against which sieves in iiaily use could be
checked.

It is important to note that, although the Mines Branch
method rnakes provision for use of the Lake Shore wet and dry sieving
procedure, every attempt is made,in standardizing sieves for the
mining industry,to arrive at a sieving procedure which is the most
economical in the amount of handling and sieving time, consistent
with the predetermined sieving end-point.

(¢) The A.S.T.M. standard method of test for granular metal
powders(39c) specifies the use of certified Tyler or U.S. Standard
sieves for size analysis. It is recognized, however, that through use,
changes develop in certified sieves. These changes may result in the
size of sieve apertures exceeding the standard tolerances. To permit
the use of uncertifiéd work sieves for this standard method, it is
suggested that a set 6f certified master sieves be set up, againét

which sets of work sieves may be performance-rated. The applied
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corrgbtion is equal to the ratio of thé weight peréentage of a sample
passing oné sieve and retair;ed on the néxt_finer sieve in the \/-3_—
series 1n the master set, to the' Wéight percentage of the céfrespoﬁding
sized fraction in the set of Work sieves.
6.2.4 Standardization by Using a Sample; Having a Size
Distribution which Follows Some Theoretical
Distributiqn Law: : ’

(a) .Bond and Maxén(55) used a sample of pf‘atrble‘um. coke
cruéhe_c‘l.to 6 mesh in which the size distribution was found to agree
closely 'with. Gaudin's theoretical disfsributién equation(56),

w = Cx™,

where w is the W'eight'percentage 'reta_ined on a sieve of ape;tui;e
size, x, and p:assing the next coarserr_sieve in.the ﬁseriés, and-
C and m are constants,

When w was plotted agéin'st x on log-log paper,-va }straight
line was ob’tairyle_d iri’the fine particle range. |

A complete set of sieves, includiﬁg a 200 meéh sieve
certified by the Natir;nal Bureau of Standarc.ls'(t’o fix the 200 mesh
pbint), was' }iséd'fo: sieve analyie the petroleum: coke sample. A v
straight line was drawn’thn-éough ti;e p,lot'ted‘lp‘oints on a log-log %gréph, o
fhus' es'tablishihg' the‘”cor’r.ect” disfr}ibutio‘r‘l line, The déViations of |
’the plotted siev‘i're‘at}alysis 'resﬁlts from this_li.ne v‘vey‘re thén taken as
the cbrr’e'ctions to be appliedl to eaéﬁ sievé, . These c‘or’rectivén factors

were applied to all ana'lysés with the standardiied set of sieves.,
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After considerable use, wear on the sieves and blinding
caused changes in the sieving prqperties and it was necessary to re-
determine the correction factors periodically.

(b) From Gaudin's equation, w = Cx™, Schumann(57)

derived the distribution equation,

m.
y = 100 (i‘-) ,

where y is the cumulative weight; percentage passing the aperture size
x,and k and m are constants. A straight line results then when y is
plotted against x on a log-log graph.

A comminution product having a size distribution which
agreed with this equation was selected by Stairmand(58) to standardize
different sets of sieves. Sieving tests were done on each set of sieves,
using a standard technique for a fixed sieving period. The best
straight line was drawn through the plotted y vs. x points on a log-log.
graph. Either the effective aperture of each sieve, or the corrected
weight percentage pagsing the nominal aperture could be determined in
this way.

(¢) Johnson and Newman(52) used a second method of sieve
standardization in their study of sieve analysis of granulated su.gar;
their use of the glass bead method has already been cited in 6.2.2(d).
They sieved a sample of crushed limestone, the size distribution of
which followed Schumann's equation in the range below 90% passing.
Three sets of sieves covering the size range of the lime rock were

used, and the best straight line was drawn through the plotted
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cumulative weight percent passing against’.t‘he ‘corresponding sieve
apertures on a log-log graph. In this way the s‘izes of effective
apertures Were ébtained,or a correction was applied to the’pérce’ntage
passing bor retained at t‘he‘nominal‘ siye‘ve aperture sizes, Johnson
and Newman claime(i that adequate sieve standardization was obtained
by either of their tv;fo methods,

6.2.5 Standardization by Size Analyses of Sieving Products:

(a) Aﬁdreasen(59) ﬁré_ﬁosed a method for fﬁéasu:ring the
"sorting value' of a sieve. The procedure used wa.s as follo%:vs’i A
sieving test was done on‘a sa_rnple of‘\coar‘s'e‘lsr .ground material,using
the sieve to be standardized. The u/ndefsize rﬁééerial was removed.
and the 6versize was gilven a furfher Isiev-invg f.o‘r a few minutes .' The
small amoﬁnt of undersiz‘e from thié sécond siévi;g —Waé 'c.ollé'c.ted. |

The undersize‘ from the first siev'iné Waé thken'retﬁr‘necll fot
fhe same sieve and re-sieved for the sarﬁe 1‘evng't1;..of‘ firne as in the first
, test, Thev small amount of material reta.iknec'l waé colieéted.

The airerz;ge partidlé size of each 6f these twé small
fractions was determiried by a counting and Weighing‘rrvlethod, This
method was previously suggested by Andersoﬁ(éO)_and described in
detail f()rvf.ine ‘particles by :Andreasen(15)'. in it the average particle v
sviée,v k, of a sémplfe ‘wa“s defined by the équétion

Kk = 3/ N

/ON
where W was the weight of a sample of particles,ﬁ v/vasA the particle

density and N was the number of particles in the sarhpl'e.
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Andreasen found that the two values of k, determined by
this standardization procedure, lay quite close together, sometimes
overlapping each other. He designated the mean value of k = km as
the sorting value of the sieve in question. He found that the ratio of
krn to the n'ominal aperture size, D, was fairly coanstant for sieves qf
regulaxr nle.sh. For all ordinary ground materials,km,/D lay in the
range 0.8-0.9. For sieves of non-uniform mesh, such as are
frequently~usec1 in practical sieve sizing, the ratio often exceeded 1
and jagged characteristic distribution curves resulted when the sieving
results weré plotted against nominal mesh widths., However, by use
of sorting values, a smooth distribution curve could be obtained.

(b} In an investigation of the size distribution of ground
material, Fagerholt(6l) noted that the effective separating size of a
sievé was dependent on the duration of sieving. Even after extended
periods of sieving, particles capable of passing the sieve were still
found in the sieving residue (retained fraction). From simple
probability considerations, he showed that the size to which the sieving
residue after sieving time t should be referred, i.e. the effective
separating size of the sieve, was equal to the value of k of the fraction
passing the sieve in the time interval from t to 3t, measured by the
counting and weighing method used by Andreasen [see 6. 2.5(a)] .

(c) A calib.ration or standarciization method was proposed by
Hatch(62), based on the size analysis of the material retained on each

sieve, He found that the size distribution of material retained on each
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sieve followe’d the idg fprébability law when the particle si'zes were
meaSuAre'd zﬁicroscoPically, that is, the cumulative weight percentage

of particles on a proAbability"scale ﬁlas directly proporfional to the
logarit&n of the microscopic size. The geometric mean size of each
retained product could be obtained f:om the parameters of the measured
size gfrequency' cﬁrve; 'I‘hisimeasureme'nt; ‘he stated, was/ipreferable

to measurexénent of sieve Qpenings or to éome arbitrary inethod of

. calculating the size of separation.

6.3 Evaluation of Standardization Methods

With the acceptance of the general principle that some
method of. standardiz)atio‘n i.sﬂrequirédbto offset the ﬁnavaidable
di}screpancieks in testing éiew}es resulting from their construction or
use, it is then necessary to select a method suitable for any
parfi;:ﬁlar operati'()n.' In general, any one of the rﬁethods described in
the pfecédihg sectioﬂ provides‘ a measure of sieve‘ standardization. o
However, there are advantagéé and disa’dvantageé to each method
which should be consi:der'ed. S

The priﬁcipai adw'fanta‘ge of the first general standar‘dizati’on

‘m‘ethod, which involves >r_ne'asu3-tement of f;he average 'apertuz;e' size of
a sieve; is that standardiiatibn is coméletely inciependent of the
material to bek sized. However," for these measurem ents, as done by':
Pol].ard(46) and "V’Veber and Mbraﬁ(‘l());(’:onsideral')le 'éxtr/é, laboratory |
equipm‘e‘nt (micrqscrol‘)’e,( projection system, etc.) waé ‘required‘. Also,

-a great number of time~consuming measurements of wire diameters
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and aperture widths,in both warp and woof directions, were needed to
give useful accuracy. TheseA operations had to be done for each sieve
and then repeated at regular intervals to check on effects of wear and
blinding.

The second method makes use of a standard sample of
spherical particles which are calibrated by microscopic counting and
measurement to permit the determination of either a corrected
separating size or a corrected weight percentage passing the nominal
sieve aperture. The advantage of the method is that it is not
necessary to alter standardization corrections for different materials
or different size distributions. However, it may be necessary to
check sieve standardization from time to time to correct for
deterioration of the sieving cloth,due to wear. With glass beads, as
used by Carpenter and Deitz(50,51), there is little likelihood of
changes in the size distribution of the calibrating sample during a
test due to breakage or wear. The main disadvantage is that a large
sample of spherical glass beads is required and a great many of the
beads must be counted and sized under the microscope to obtain a
reliable and accurate calibrating size analysis. However, it is now
possible to obtain calibrated samples of glass beads for sieve
standardization(45).

The thi;'d general sieve standardization method, suggested
by MacCalman(40c¢), has been widely accepted and used. Sieves are

performance-~rated against master sieves,usin® material of similar
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size range, size distribution and shape ‘ché,raéteristic.s to that for
which sieve size analfses are reciuired.

It was rédornrnended that thé sieves chosen as master
sieves be previously certified to have met standard dimensiéﬁal
specificat'ions. However, as already noted; the permissibl_e
tolerances on sieving cloth are large and certification does not ensure
that the nominal aperture sizes are correct. Hence,this method
_ esseﬂtially provides a means of relating an unknown sieve to a master
which ma:y have apertures that lvary widely iq size from the nominal.

Heywood(lll).% showed that 'different master sieve
standardization corrections are required, nof: only for different
materials butvalso,fdr difyf'er’e‘nt size distributibns of the same material,
These differences are noticeable in the results of tests done at the
Mine.s Branch(54) in setting up master sieves,

For the strict application of staﬁdardizatioﬁ corrections
with"’the rhaster sieve method, as with each of the other methods
which depend on sieving performance, it is important that the same
sieying procedu;é be used for both standardization and for each
sieving test to which éieve ‘standardization corrections are to be
applied; On éhis basis the rather involved wet and dry sieving
procedure developed by Lak>e,Shore I\/‘Iines(47)' for use Qith the master
sieve method would not be ge‘ner-ally attractive to the practical sieve
user. However, in tile modified Lake Shm;'(;. éroceduré used at the

Mines Branch(154), the sieving time and washing and drying steps are
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reduced to a minimum consisten@ with the sieving end—Point for the
particular mill products and sieves tested,

As was the case in the other methods, it was necessary to
re~standardize, against the master sieves, the sieves which were in
regular use, in order to correct for errors caused by wear or
blinding,

In the fourth method, sieves are compared performance-
wise,using a standard sample of material having a size distribution
which is known to follow some theoretical size distribution law.
Johnson and Newman(52) used a sample of crushed limestone having a
size distribution curve that was essentially a straight line on a log-
log plot. They found good agreement between the corrected sieve
analyses obtained with this standard sample and with glass beads.
The methods used by Bond and Maxon(55) and Stairmand(58) are of
this type. They have the advantage that a constant correction is
obtained which is independent of the type of material to be sized and of
its sime distribution. However, unlike thg glass bead standard
sample, the natural samples tend to wear and deteriorate in sieving.
This results in changes in the size distribution calibration of the
standard.

The fifth method involves the determination of the sorting
value of a sieve by making measurements of sieving products. In the
methods used by Andreasen(59) and Fagerholt(6l), products are

assessed by a counting and weighing procedure. The method proposed
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by Hatch(62) uses microscopic count and size estimation,and the
assumption is made that the sizé distributioﬁ of the sized pro&uct
follows the log-probability law. |

In both cases, the definitions of irregular particle size
can be extended to the sub-sieve size raunge and thus good continuity
may be obtained between the size distributions of sieve and 'sub-sieve
size material. However, both the standardization methods are
. complicated and time-consuming and, in addition, must be done
separately for each sieve and for‘ each material to be sized.

With regard to Hatch's method, ‘Fagerholt(61) has
indicated that many ground materials do not have size distributions
which follow the log~probability law.

. In surnfnary, then, it is apparent that there are
disacivantages involved in each of these five general methods. However,
on the basis of this review, the merits of the glass bead standardization
method proposed by Carpenter and Deitz appear to outweigh its
demerits, and it is felt that this method should be given serious

consideration whenever sieve standardization is required.
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CHAPTER 7
THE MECHANICS OF ‘SIEVING

7.1 The Statistical Nature of the Sieving Process

Having provided means for correcting errors in the sieve
themselves, it is necessary to examine the mechanics of sieving and
the factors which affect the passage of particl§s through éieve
apertures. |

"In theory, a sample of particulate mgterial is placed on a
sieve and the sieve is shaken until the fraction retained contains only
those particles having minimum cross~sections which are larger than
the essentially square sieve apertures(.lti). However,in practice,
complete sieving is never attained in a finite time. No matter how
long sieve shaking is continued, some particles which are capable of
passing the sieve remain in the retained sieving residue. Also, if
the niaferia.l which has passed through a sieve in a certain time is
re.;turned to the same sieve and siéved for the same period of time, a
‘residue will invariably remain. These observations indicate the
sta.tiética.l nature of the sieving process(3).

‘The main properties of an individual particle which affect
its probability of passing through a sieve are its gize and shape.
.Obviously, a particle with dizﬁensions much smaller than the sieve
- openings will have a high probability of passing. | The shape of such a
particle will have no influence on-its chance of passing through the

sieve, However, for a particle that has dimensions close to those
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of thel sieve aperiure,v the probability will be low, and the chance that
the par‘ticle has to pass through an opening will be greatly ‘affectea by
* the particle shape. Of the iﬁfinite.number of possible orientations
with respect to the sieve aperture which an irtregularly-'-shaped
partiéle may present, only é few will permit the particle to pass. In
this case sufficient mobility must bé given to the,vrparticle by éhai(ing
the sieve to-allow the particle to present at least one of its preferred
orientations to the siéve aperture,

In the“us,ual siéving charge, large nurnberg of bart:‘.cles,A
having a Qide range of indiiridua}ﬂl probabilifies of pas sing; are present,
The qhance that a particle will pass through a sieve is then influenced
by mass effeqts. The greater the‘. sieving charge, and in partiéular
the greaﬁer the weight of near-.-més_h particles, ‘the more competition
ther.evwill be for the availabie:sieve openings. This results in a
lower passing probabili’py and a slower rate of sieving; The passage
of particles much fi-ner ‘i:'han the sieve aperture is a;sociated with a
fast sieving rafe, and mass ‘effeéts,aré negligiblé. Therefore,. it can
be éeen that it is in the near mesh size range vthvat' the principal
sizing action occurs and where, as a resuit, the'effect of sieving
c;)nditidns have the greafest inﬂuepce.

From the foregoing discussion it is apparent that the
process .of sieving can be coﬁsidered to occur in two disti;nct’s.tages,
as suégested by the Bri.tish Sta.ndal'ds Institution(42b). The first is

the relatively fast removal of particles much finer than the sieve




opening which have a high probability of passing. The second stage
is the more critical and slower sorting of near-undersize particles in
the remaining charge.

7.2 Sieving Procedures

For practical sieve size analyses, either an exclusively

dry sieving procedure or a combination of wet and dry sieving is used.
7.2.1 Dry Sieving:

In dry sieving a weighed sample of dried material is placed
on a sieve or on the coarsest of a nest of sieveg. A sieve shaking
procedure is then followed until the size separation is deemed
complete. A full discussion of methods of defining the sieving end-
point is given in a subsequent section of this paper.

The shaking of sieves is done either by hand, following a
defirﬂte manipulatory procedure, or by using a mechanical sieve
shaker. In both cases the aim is to impart sufficient mobility to the
charge so that each individual particle has an opportunity to present
itself in its preferred orientation relative to the sieve aperture and
either to pass through or to be retained.

Considerable disagreement exists regarding the relative
merits of hand and machine sieving. Hand sieving is specified by
several A.3.T.M. standard methods for sieving different materials.
Even where machine sieving is specified, some standard methods call
for checking by hand-;sievzing(Bc)d,‘ e, f,g,h). Details of hand sie{ring

rocedures are given in many of the standard specifications and b
g 3
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Gaudin(63) and Tagéart(?a) . Howeﬁgr, a number of A.S5.T.M. -
methods specify machine sie"v;ing alone‘(39.i,j,;k). -'I'ests by Heywood(14)
and by Fahrenwald and Stock&ale (64) indicate;i that more accurate and
efficient sieving results were obtained bir usin'g a mechanical sieve
shaker than with hand-sieving procedures. Gulinck(65) noted that
machine sieving .nof only shortened the time and re‘du'ced the labour
involved but also had the advantage of eliminating the personal error.
Thus,closer comparisons between analyses on diverse samples and
materials were obtainable .

The Tyler Ro-Tap Testing Sieve Sh’aker(lll) is widely used

for machine sieving, fbllowing the general acceptance and use. of sieves K

of the Tyler series. Carpenter and Deitz(sb); testing the Ro-Tap
machine,’ found that the most imi)ortant variable affecting mac;hine’
si’evir}g was the i‘requéricy with which the hammer rapped the sieves
during shaking. They stated that the best results were obtained with‘
115 raps per minute.

| Taggart(‘)‘al) has dgscribed‘the construction and use of
several’rn'echanical.v sieve shaking devices. A vibratory shaker was
designed by Fahrenwald and Stockdale(64) which used high.frequency
var~1d Jlow amplii}ude. Their tests showed that the optimum frequency i
and amplitude w‘ere a function of particle size'. MOrtsell(66) cc;mpared
the sieving results ‘obtained by various mechanical shakir;g devices :

and found few significant differences,
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7.2.2 Wet and Dry Sieving:

"The wet and dry sieving procedure takes full advantage of
the two-stage nature of the sieving process. By preliminary washing
of the sample on a single sieve or on the finest of a nest of sieves,
the finest particles in the sieving charge are quickly removed. The
washing liquid is generally water or some other non-reacting liquid.
The retained fraction is then drigd and returned to the sieve in
question or to the coarsest sieve in the nest for conventional dry
sieving.

Details of conventional wet sieving procedures are given
by Taggaljt(‘)a) and by the British Standards Institution(42b). A more
involved wet and dry sieving procedure was used for the sieve analysis
of fine materials by Lake Shore Mines(47) and was adopted in a
modified form for sieves up to 48 mesh by the Mines Branch(54).
Several A.5.T.M. standard methods(39d, 1,m, n, p, q) specify the use
of wet sieving or a combination of wet and dry sieving.

Experiments by Heywood(14) have demonstrated that wet
sieving produces a marked increase in the speed and efficiency of both
the removal of particles much finer than the sieve aperture and the
subsequent dry sorting of the coarser material. Wet sieving has the
advantages of breaking up aggregates of fine particles which may be
formed in drying filtered products, and of washing coarse particles
free of dust or slime coatings which normally resist removal b.y even

prolonged dry sieviag.
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It is evident, thlen, fha.f preliminary wet sieving is almost
obligatory if Iieliabl'e' sieving résui‘?s are to bei obtained for fine ‘mesh
sieves. ’But even for coé.rse sieves there is the ad;fa;;tage qf removipg'"
the slime coatings from coarse particles to obtain a product ‘thaf is
more 'arvnenabl_e to’dry sie;ve anal)“rksis.'
7.2.3 The Sieving End-Point:
Becauseé of its statistical nature, sieving never reaches o
corhplgtion and hence it is necessary té VIa'dopt';s ome arbi.‘cra‘ry
" definition of the sieving end-point, Helywood(S, '14) haé 1isfed_three
general methods by Which’.thé gﬁd—point may ;b'_e defined.
(i) Sieving foné a sta.nd;'atrd period of time
('11) Sieving until the weight paésing in unit time is
less than a specified percentage of the we1ght
of the 51eving charge
'(Aiii) Sieving unt11 the weight passing in unit time is
' less than a spe01f1ed percentage ‘of the weight
of the sieving residue. ;
quwood(l‘l) and MacCalman(400) among.,o;chers have
favdufgd the,ﬁ.sev of,a‘standard time of sieving as the end-point
definition. » They felt that sieﬁving' results could be obﬁéin,ed with .
sufficient accui'acy in this way In additi;)n, ‘the standard time.method" ..
Qas the sirﬁplesf in operation, esp.eéially whereri;achine sieving was
used. |
o Severa_l»Ay.SfT.M;. sta'ndargl methods fér conductjingy sieving
tests have specified ‘;his method. For granular roofing materiéls a |

15 min shaking time is specified for a 500-g sanipie(39j”>.v For




molding powders the sieving time is 10 min for a sample ranging in
weight from 50 to 200 g (39i). A sieving time of 15 min is called for
in specifications for sieve testing calcined magnesia(39 1), aggregates
and fillers(39e), end refractory materials(39d).

Bietlot(67) stated tha:t there was considerable danger
involved in the arbitrary use of method (i). While this method gave
constant sieving conditions, the character of the material might vary,
causing the results to be variable.

The British Standards Institution(42b) reserved method (i)
for routine tests but stated that a preliminary end-point test based on
sieving rqte should be done to determine a suitable sieving period
under the couditions of operation. The sieving end-point was defined
as the time when the amount of material passing the sieve in a 2 min
period was less than 0,2% by weight of the original sample.

Methods (ii) and (iii) have also been specified for use in
several A.5.T.M. standard methods. For non~granular roofing
material a sieving time of 20 min is prescribed for a 100 g sample,
with further 10 min sieving intervals until the weight passing in any
10 min period is less than\O.S% of the original sample(39k). Standard
methods for hand sieving mineral fillers(39g), powdered coal(39f) and
- glass spheres(39h) specify sieving until not more than 0.05 g of a
50 g sample passes per minute. Hand-sieving of refractory
materials (39d) and machine sieving of powdered coal(39f) are té be

done until less than 0.1% of the original sample passes per minute.
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For fine and c’oarsé,aggregates(f&?r) and for hand sie\'r‘ing tests on.
’aggregates and filter's(39el),sp.cﬂc:l;?.icé,tz;.'ons'_call for siévi‘ngA until less
than 1% of the sie%/ing residue passes vper minute.

It seems aplﬁa,retit that it is better practiée to use one of
the methods of defin_ing the yéive_ving end-point based on the actual
sieving rate, which is a function of thé particular size, grade and
type of material, as well as variations in the sieve itself. The main
dra{vback, of'courée, 1s the’ extra handling and weighingl required.

7.2.4 'i'he Sieving Rate: |

The value of d_ef:i_'nivng the end-point of sieving by means of
the sieﬁng rate has been demonstrafed in th;e prece_di:ng» seétiog.—
Several investigators have concerned themsélv'ésy v.vif':h determining -
an equatioﬁ fo\ry the s.iev‘ivng‘ rate bas'@d_ on theoretical qonéi/der‘étions |

~or on the results of sieving tests. |

Bietlot(67) assumed tha,t,tvhvev t}u:ﬁbér of paftiq‘les_ dY
pa-ssing_a sieve dq‘ring.,“,a time ;'dt \}vas provpgrlitio'nal to the -m-J.mbier
of particles gapabl_e _'Qf bassir'lg bbut rgrﬁai@ing in‘the‘ gi'evi;ig vrésidue .
That ‘fié, | “ H

dy
S dt T --at,

where a is a Conlst'ta:nt. ‘ Hencey = yoe‘-,’at’r jw_hiél‘_e. Yo
'is the number of‘ such part:icle,s presetﬁg 1n the _original_ sa'm'lﬁle(. ,
Faggrhqit(é‘l) rn'ad’e ;simi;lla:.»:r, aszsﬁr'nljatiioﬁi 1nh1fa analys i-s.vof:’s‘iei\:ring‘
‘~"beh‘a;r'i(l)ur'., HoWéver, Bietlot stéted 'tha.'t,'the coﬁ'étanf i'é,' : varied_, a

with ﬁai’ticle size and therefore the equa'tion,could not be di‘r_ect‘ly .
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applied to sieve analysis of a product containing a range of particle
sizes. He measured the variation in the rate of sieving as a function

of time and obtained the equation

dp m
A

where dp is the weight passing a sieve in time dt ata time t
after the commencement of sieving, m and n being constants. Bietlot

found m= -1.72in the test he conducted. Fagerbolt(6l) gave m = -1.5,

" while tests by Carpenter and Deitz(SO) showed that m varied between

-1.1 to -1.7. Gulinck's equation(65),

p=p + bln t/t
. © / o’
when differentiated gives

dp _ w1 -
dt_Kt , i.e. m= -1,

It can be seen,then,that the form of the sieving equation
as stated by Bietlot is in general agreement with the results of
experiments by several investigators. Hence, by plotting the sieving
rate against the duration of sieving to a log-log scale,a straight line
should result. This type of plot, then,should permit the end-~point
based on the sieving rate to be readily determined. Gulinck(65), in

addition, used the values of the constants to calculate the weight of

undersize particles which still remained in the retained fraction after

any period of sieving.
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7.2.5 Sieve Loading:

The prébability'that particlés will pass through a sieve is
greatly influenced by the 'weight of the sieving charge. As indicated
previougly, the larger the sieving charge, the more competition there :
will be for the limited number of ava‘ilable apertures in a particglar ,
sieve. This causes a slower rate of sieving and, in the casé 'wheré
sieving is done for a fixed time, inéc')mplete sieying resuits are .
obtained.

Tests‘l.)y Shergold(68) showed that a reduction in sieve
loading was a more effective method of obtaining accurate sieviné
results than was an increase inj'é'ie\jiing tir‘n'e.l He recommended using
sample weights as small as were convenient fcn; ha,néllling, noting at
the same time .'that, whiie a small saﬁple shortened the time and
reduced the chance of ‘wear on particles, accurac& ﬁight be lost in
sampling and Weighiﬁg. His tests also showed that th_e effect of
overloading was greater, the smaller the'sieve aperture.,

: Bie;clcit(67) explained the effect of‘ loading by conside?ing
a si‘eve B of the same area as sieve A, but ha{ring apertures n ,ti'mes
smallé‘r. For ti'xe same W'e‘ight of sieving charge, sieve B will have to
: pa.:susx\n3 timés more -grains than sieve A while presenting fewer tha.g nz :
times more openings (since t‘:he wire c:liameter' does not de;:reas_e'as,
quickly a‘s n). It féllows, then, that the optimu’m'. t':'ime‘ of ‘sieving inc rea/ses‘
more quickly than the ﬁrst power of the Size'of the mesh openings and,

hence, to avoid very long sieving times and the re'sult_ing'possibility
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of wear on particles, it is preferable to reduce the sample size when
usging fine mesh sieves.

While the total .weight‘ of the sieving charge has been shown
to affect the sieving probabiiity, tésts by Porter(69) indicated that
particles much coarser than the sieve aperture had no deleterious
effect on the sieving rate and often gave improved sieving. He found
that the presence of near-oversize and near-undersize particles was
the main cause for long sieving tirnes and inefficient sieving results.

Experiments by Warner, cited by Gulinck(65),indicated
that the sieving efficiency, defined as the ratio of the weight of
particles which pass a sieve to the weight of particles capable of
passing, was related to the number of "difficult" gralins, i.e. near-
mesh particles.

Carpenter and Deitz(50) defined "near-fit" particles as
those which passed through the next larger sieve and were retained on
the next smaller sieve in the 5\‘/7— series than the sieve being used.
They reasoned that, since such near-mesh particles have to fall on
the openings a large number of times before it is known whether or not
they will pass, the time required to reach some pre-defined sieving
end~point should depend on the number of near-fit or near-mesh

particles per sieve opening.
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The number of near-mesh parf_icles, N, which have a

weight, W, and diameter, d, is given by
N = k. W ,
1 g3

where kl is a constant,
Also, the number of sieve openings, H, in a constarit sieve
area, having an aperture size d is given by
k2

H= ———

42

H

where kz is another constant. Hence the number of near-mesh

particles per sieve opening is given by

—— % e

H k2

N_x . w
d

That is, N/H is proportional to the fatio of thé Weight of near-mesh
particles to the size of the sieve opening and hence, acco'rding to the
origivrial hy’p‘()thesis,the sieving time should be propo'rtional to the ratio
_le' Carpentér and Deité found ekperimentaily that; this rélationshiia -:
held trug'fér sieves of 35 mesh and finer. For coarser siéves they
found that the éime was proi)ortiénal to the wéight W of néar mesh
pé.rticles'. | | |

To use this ‘rerlatvionship'in test sieving, Carpénter and
Deitz made a preliﬁlinary trial vsieving run to det‘ermi‘ne tkhe
];;e rcentage éf near -mesh particles, From ‘this they determined the
éonsté,nts and, using them in the first order equatibné relating 'th’e
sieving time T to ¥ oor W, they were able to determine the 'correct'

d

sieving time.
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7.2.6 Particle Wear in Sieving:

The particle wear due to sieving action was studied. by
Mortsell(66). For long sieving times he found that the material
passing a sieve comprised, in addition to particles which were actually
smaller than the sieve openings in the original sample, the following
three classes of particles:

(i) Comparatively large fragments detached from
corners and edges;

(ii) Worn off, relatively fine particles originating from
projecting parts;

{iii) Particles which only just pass through the sieve
owing to deformation and reducéion in size in the
course of sieving.

~ He stated that these various classes of particles were
present to a greater or lesser extent,depending on the brittler\xess and
hardness of the material being sieved and on such other factors as.the
particle size, the weight of the charge,and the mode of operation of
the sieving machine.

Mortsell's sieving tests on quartz and dolomite indicated
that most of the variation due to particle wear was of the second type,
that is, there was a noticeaBle rounding off of particles after long
sieving periods and a measurable increase in extreme fines in the

passing product.
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Gulinck(65) and Carpenter and Deitz(50) concluded that the |
effect of wear on sieving resulés was not gréat c‘omApa’red with ofher
factors involved in‘sieving'. However, they suggested shorfengd‘ sieving
times for soft material.

'7.2.7 The Effect on Sieving of the Density and Dampness
of the Charge:

Carpenter and Deitz(50) sieved materials in a density
range frém 1 to 10 and found no significant differenées in sieving
’ characteristics. They also studied the effect of the dampness of the
" sieving charge on dry. sievifxg. For some materials a small
percentage moisture could be tolerated without ,deletefious effect on.
the results. However, in general it was found that pre-drying was
‘ -benéficial; Although most "blinding' of sieves is caused by near~-
oversize particleé, Porter(69) noted that excessivé dampness of the
sample é.lso contéributed to this  éffect. Hence, most dry—-sieving
procedures specify pré-drying.at 100°C.

CﬁAPTER 8

SUMMARY AND CONCLUSIONS

The foregoing discussion of sieve testing has been written
with the aim of bringing to"the attention of those who use sieves, or
~ those who rely on ﬁl;i.eve testing information, some of the factors which -
affect the accuracy of sieve size analyges . In general, considerable
confidence is placed in éieving an’d sieving results; The magnitude of

the errors involved in sieving is often overlooked.
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It is generally agreed that the principal error in sieving,
and the one which is often neglected, is in the sieves themselves. This
is due to the difficulties encountered in manufacturing woven-wire
sieves and is reflected in the relatively wide tolerances on wire
diameters and aperture sizes allowed by the various standard sieve
- specifications., For this reason this paper has placed considerable
emphasis on the methods of standardizing testing sieves. Five general
methods were described and evaluated, and it was concluded that the
glass-bead standardization method proposed by the U.S. National
Bureau of Standards was preferable and to be recommended to sieve
users who.may wish to standardize sieves.

The remaining errors in sieving arise from the way in
which sieve testing is done. The concept of the statistical nature of
the sieving process has been developed and explained by showing the
effect of the various factors which influence sieving results on the
probability of particles passing a sieving aperture.

Following the British Standard method for using fine-mesh
test sieves(42b), the sieving process has been considered to consist
of two stages. The first ig the relatively fast removal of particles
much finer than the sieve aperture having a high probability of passing.
This step can be accelerated by wet sieving, even on coarse sieves.
The second part is the much slower passage of so-called near-mesh
particles for which the probability of passing is low. This low

probability is due not only to the size of particles as compared with the
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size of the sieve apertures, but also to the particle shape, the method

of shaking sieves, the sieving time, the total weight of the sieving =~
charge, and<, m p?.rticulaf, the weight of nearnmé‘.é.h bax;ticles..

| Each of the above factors has been discussed with detailed
reference to ‘th-é sieving' literature. Iﬁ addiﬁon, the various w.ays of.

defining the sieving end-point have been outlined’.l ,For accurate sieve

analyses on different materials, the end-point based on the sieving rate

is preferred. The rate of sieviﬁg has been shown,empirically, to

follow the general equation

dp _ trnv
a -

where m lies in the range -1 to -2. The use of this equation makes

the rate-detefin';ned sievfng end~point more amenable to machine
sieving. |

In summary, then, it is evvident- from th¢ fdrqgoing' that
unreliaﬁle sieve ahalyseé are‘proba,ble if the errors inheren{: in sieves
and in the sieving process are \)negllelcted. However, improved practic:e
based on the'av‘yareness of these errors should result in more accurate-
sieving and in greater confidence being placed in size analysis done
. ,

using woven-wire test sieves.
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