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01:2019(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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mmittee SC 1, Sampling.

fifth edition cancels and replaces: the fourth edition (ISO 4701:2017), of which it
" revision. The following changehas been made:

bmpletion of sieving in accordance with the actual bulk density of iron ore.
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m Annex C, a formula has beéniincluded to correct the maximum mass to be retained on the sieve at

lards body. A
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INTERNATIONAL STANDARD

ISO 4701:2019(E)

Iron ores and direct reduced iron — Determination of size
distribution by sieving

1 Scope

This document spec1f1es the methods to be employed for determmatlon of SIZe dlstrlbutlons by sieving
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um or larger The size drstrlbutlon is expressed in terms of mass and percentage g
ed on selected sieves. The purpose of this document is to provide a basis for any te
d direct reduced iron involving size determination for use by contracting parties in
ase of these materials.

this document is used for comparative purposes, the concerned parties'will agree on
detailed method to be employed in order to eliminate sources of subsequent controy

ormative references

bllowing documents are referred to in the text in such¥a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

b5, Test sieves — Metal wire cloth, perforated metal plate and electroformed sheet — |
nings

h91-1, Test sieving — Part 1: Methods using test sieves of woven wire cloth and perforatg
)82, Iron ores — Sampling and sample preparation procedures

D85, Iron ores — Experimental° methods for checking the precision of sampling, samplé
easurement

D86, Iron ores — Experimental methods for checking the bias of sampling
B10-1, Test sieves —Technical requirements and testing — Part 1: Test sieves of metal w
B10-2, Test sieves'— Technical requirements and testing — Part 2: Test sieves of perforatd
B52, Ironcoxes for blast furnace and direct reduction feedstocks — Determination of bull

D835:2007, Direct reduced iron and hot briquetted iron — Sampling and sample prepar

aperture sizes
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323, Iron ore and direct reduced iron — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11323 apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/
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4 Principles and planning

4.1 General

The determination of size distribution of iron ores and direct reduced iron (DRI) may be carried out
on a “dry” or “natural” (or “as-received”) basis. Before a particle size determination is carried out, it is

necessary to

plan the entire sequence of procedures to be followed.

The basis for determination and the sequence of procedures will depend on the following:

a) the purpose of the size analysis;

b) the properties of the iron ore and DRI to be evaluated;

c) thefor

d) theapp

A typical dedision tree to determine the sequence of procedures necessary to perform size analy
shown in Figure 1. The guidelines for practical application of this document aré-provided in Anne

General prin

4.2 Purpgse of the analysis

The principa

a) Tomeas
or more

The choi
with the
and siev

b) To generjate an overall size distribution curve.

The choilce of sieve apertures willldépend on the resolution required for the curve and the n¢

satisfy s

4.3 Impagt of ore and DRI properties

4.3.1 Effe¢t of moisture content

The effect of

before the cdmmencement of the size determination procedure.

When it is d
sample shall

in which the iron ore and DRI is received, e.g. gross sample, increments or partial sar

ratus available.

Ciples of sieving are given in ISO 2591-1.

[ purposes of particle size determination are as follows.

ire the mass and calculate the percentage mass of an ore or DRI passing or retained d
specification sieves.

ce of sieve aperture sizes shall be deterntined by the specification size(s) required tog
necessity for introducing intermediate aperture sizes to satisfy the maximum partic
e loading constraints. See 4.6 and 4.%

eve loading constraints:

the moisture content of the size sample on sample division and sieving should be asg

nples;

ySis is
KA.

none

ether
esize

bed to

essed

fficuttto conduct sampie division due to Sampie being adiiesive O EXCESSIVELY Wi
be dried to constant mass in accordance with 7.1.

t, the

Partial drying of a sample for the purpose of size distribution analysis is not acceptable, as residual
moisture might affect the effective separation of the individual size fractions.

© ISO 2019 - All rights reserved
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Inspect size sample and note its physical features

Y

Is the material to be dried?

Is the material to be dry or wet sieved?
Is the material to be demagnetized?

Does the material degrade on handing?

Y

Estimate mass of material (M Total)

\
‘ Determine BPM required (ISO 3082) ‘

Y

‘ Determine minimum mass for sieving (Subclause 6.2.2) ‘

M Total > Minimum mass

Divide?

Repeatability and acceptance
procedure required (Subclause 9.3)

Y

Choose equipment, sieving times and sieving
procedures to be used (Clause 4)

Y

Carry out size determination procedure

Figure 1 ~Typical decision tree for selecting size determination procedure

4.3.2| Degradation of material

Certajn.iron ores, particularly lump ore, and DRI can be subject to significant degradatiqn during the
sampling and size analysis sequences. Furthermore, different sampling and size analysis processes
can cause degradation of ores and DRI to different extents. Consequently, this could lead to significant
variation in results for the same lot.

It is therefore essential that any degradation should be minimized through the correct design of
handling, sampling and size analysis systems.

Sampling systems should be designed in accordance with the guidelines set out in ISO 3082 and
ISO 10835.

4.3.3 Magnetic ores

For iron ores with pronounced magnetic properties and DRI that has been handled by magnets, it is
desirable to ensure that the size sample be demagnetized or that the sieves are non-magnetic.

© IS0 2019 - All rights reserved 3
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4.4 Nature of sample

The sample may be received in the form of a gross sample, several partial samples or increments.

The procedures for sampling of iron ores and direct reduced iron (see ISO 3082 and ISO 10835) will
generally provide quantities of material in excess of the requirements for sieving.

If it is undesi

rable to sieve the entire mass, division of the following is permissible:

a) grosssample;

b) partial samples;

c) increments;

d) fractiong obtained during sieving.

Methods governing the division and the mass of sample to be sieved are provided in Glause 6.
4.5 Choice of sieving method

4.5.1 Two {ifferent sieving methods are available to perform particle size analysis (see Annex I):

a) drysiev

b) wet siev|
particleq

A table sumn

4.5.2 The|
for either mdg

4.5.3 The
on the basis
recorded in t

4.5.4 Ifac
size distribu
(see Clause 1|

ng, i.e. sieving without the application of water;

ing, i.e. sieving with a sufficient application of watéer-to ensure the passage of und
through the sieve apertures.

harizing the sample preparation and sieving procedure is given in Annex B.

esults of these methods could be different. No specific preference is given in this doct
thod when sieving iron ore samples.<for DRI, dry sieving is recommended.

Choice of sieving method (see 4.5.5) for each part of a size determination shall be
of attaining the defined precision of testing (see 11.1). Details on the procedure sh
he working log.

bmbination of any of the sieving methods is employed for different parts of the same g
ion, the changeoverfrom dry to wet sieving shall be clearly indicated on the report
0).

Prsize

iment

made
all be

verall
sheet

4.5.5 The fpllowingfactors should be taken into account when making the choice of sieving method.

a) For dry sieving on a natural basis sample, the moisture content of the charge shall be sufficiently
low so a$ fet to introduce any bias beyond acceptable limits.

b) Wetsieving should be used
1) if there is a tendency for a significant proportion of fine particles to adhere to the larger ones,

or if

2)

the ore has a tendency to cake on drying, or

operation and adhere tenaciously to the sieve.

4.6 Maximum particle size permitted on a sieve

if the fine particles of iron ore tend to become charged with static electricity during the sieving

To avoid damage to sieves, the maximum particle size in any charge shall not exceed 10 W 0.7, where W
is the sieve aperture size, in millimetres.

© ISO 2019 - All rights reserved
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Examples of the relationship between maximum particle size and sieve aperture size are given in

Table 1.
Table 1 — Maximum particle size permitted on a sieve
Sieve aperture size Approximate size of
w largest particle
25 mm 95 mm
11,2 mm 55 mm
4 mm 26 mm
T O
250 pm 3,8 mm
45 um 1,2 mm
36 um 1,0 mm
4.7 |Specified loading of sieves

4.7.1

General

The lpading of a sieve or nest of sieves or continuous sieving machine shall be limited as prescribed in

4.7.2

4.7.2

4.7.2

The n
to be
in sey
value

The 1
exceel

4.7.2

The |
comp,

a) Apertures:2 22,4 mm

m

Batch sieving with a single sieve or nest of sieves

1 General

retained and by the need to avoid undue degradation. It could be necessary to si
eral portions. The results shall be.combined. The maximum mass retained shall n¢
5 tabulated in Annex C or as determined in 4.7.2.2 or 4.7.2.3.

haximum loading is definedvas that corresponding to the maximum mass retained
d twice the maximum nmrass’retained.

2 Apertures > 4-mm

pading of the-sieve shall be such that the maximum mass of sample retained on any

=(0,005+0,0004W ) pp, A

etion of sieving shall be in accordance with Formulae (1) and (2) or the visual rule c),.

ind 4.7.3, and requires previous information about the size distribution of the sampl€ to be sieved.

hass of sample that may be loaded onto(any sieve is limited by the conditions coverfing the mass

bve a sample
t exceed the

but shall not

 sieve at the

e8]

b) Forapertures < 22,4 mm and =4 mm

m=0,0007Wp,A

© IS0 2019 - All rights reserved

(2)


https://standardsiso.com/api/?name=d7d1d1e33f71d47499e6f0697a0db01b

ISO 4701:2019(E)

where

4.7.2.3 Apertures <4 mm

m is the maximum mass to be retained on the sieve, in kilograms;

is the sieve aperture size, in millimetres;

pb is the bulk density of the sample, in kilograms per cubic metre, determined in accordance with

ISO

3852;

A isthearea of the sieve, in square metres.

The for
blanked
pro rata

Alternatjve visual rule

On comyplletion of sieving, the particles spread out as a single layer shall covernot more than t
quarterd of the floor area of the sieve.

For sieves in

4.7.3

In the case of continuous sieving machines, the rate of feed;shall be constant and so adjusted that d
the sieving operation a maximum of 50 % of any sieve area is covered by the material.

4.8 Sieving time

4.8.1 Genge¢ral

The practica

a)
b)
‘)
d)
e)

the propferties of the sample;
the voluine of the initiatcharge;

the sievipg intensity;

the nom

the acce

Loading of continuous sieving machines

ulae apply only if the open area of the sieve (incomplete apertures are regardled as

off areas) exceeds 40 %. For open areas of less than 40 %, the values of m shallbe re

the <4 mm range, the maximum mass of sample retained shall be as given in Annex

ble sieving time is mainly influenced by the following:

nal aperture size of the sieve;

btable limits of accuracy.

Huced

hree-

T

uring

No exact time can be defined at which a sieving process is completed. Where possible, sieving time shall
be based on strict application of the end point ruling. However, in some cases, strict application of the end
point ruling could be impractical. In such cases, fixed time sieving based on experience may be agreed.

The examples in Table 2 are given as a general indication of times for dry batch sieving of stable iron
ores and DRI.

© ISO 2019 - All rights re
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Table 2 — Examples of dry sieving times for stable ores and DRI using batch methods

Anne

4.8.3

Reten
sieves
inclin|

Sieve aperture size Sieving time
mm min
4 and larger 3
-4to1l 5
-1 20
End point ruling
nethod for determining the sieving end point in accordance with 1SO 2591-1 is given in 7.6 (see
K 1).
Retention time for continuous sieving machines
tion time depends on the material feed rate and the rates at which particles pass

and move forward across the surface of the sieving media. It depends.on the type of
ation of the sieve media and the nature of the sample sieved.

The pirocedure parameters shall be optimized in order to minimize niaterial degradation a

sievir

g efficiency in order to satisfy the requirements defined in.52.

5 Apparatus

5.1

5.1.1
The s

5.1.2

The 11
ISO5

5.1.3

The s
below

a) F
b) F

Sieve media

Shape of aperture

eve media shall have square aperturés in accordance with ISO 565.

Size of aperture

ominal size of aperture tobe utilized shall be selected from the R20 and R40/3 sq
b5 (see Annex D).

Construction.ef.sieve media

. (See Annex.)

pr aperture sizes < 4 mm, woven wire shall be used.

br-aperture sizes > 4 mm and < 16 mm, either woven wire or perforated plate shall

a

so d).

through the
machine, the

nd maximize

ries given in

eve media shall’be in accordance with ISO 3310-1 or ISO 3310-2 and the requiremeits of a) to d)

be used, see

c) For all sizes > 16 mm, perforated plate is preferred; woven wire may be used, but it should be
recognized that the tolerances on aperture size are wider than those for perforated plate.

d) Within a size determination, one change-over point from wire to perforated plate is allowed. This
shall be established for each size determination procedure and shall be adopted for all subsequent

d

5.1.4

eterminations.

Sieve frames for hand or mechanical nest sieving

Test sieves used for hand or mechanical nest sieving shall have frames in accordance with ISO 3310-1
and ISO 3310-2. Frames may be either round or rectangular. A typical nest sieving apparatus is shown
in Annex E.

© IS0 2019 - All rights reserved
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Sieves other than test sieves shall have frames that nest snugly with each other and with the lid and
receiver. The frame should be smooth and the seals of the sieves so constructed as to avoid lodging of
particles and loss of fines.

5.2 Sieving machines

Any type of apparatus is acceptable, provided that the results obtained with reference to the
specification size selected, or other designated aperture size, are unbiased in relation to those obtained
by methods described in 7.4.3 or 7.4.4. Sieving machines shall be tested for bias in accordance with
the procedures given in ISO 3086 and will be acceptable if no significant bias against the reference
procedure performed in accordance with 7.4.3 or 7.4.4 is proven.

The sieve m¢dia shall be kept unblocked (see Annex F).

5.3 Accespories for wet sieving

When wet si¢ving is carried out, in addition to the apparatus mentioned in 5.1 and 5.2; it is necessary to
have available a controllable supply of water, a spray nozzle and, where appropridte, a collecting tank. A
simple arrangement is shown in Figure 2. When wet sieving on sieves having-apertures < 125 um, it is
preferable that

a) the sievd be constructed of stainless steel,

b) the medja have a backing to prevent possible sagging and distoxtion caused by water pressure; this
backing fan typically consist of a sieve medium having 2 mm‘Square apertures,

c) the backiing be made so that the particles cannot get trapped between two sieve media, and

d) the watdr pressure be adjusted as gently as possibleini order to avoid damage to the sieve mefia.

8 © IS0 2019 - All rights reserved
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Key
pray nozzle 4  water supply from reservoir tank

N =
[%2]

plessure gauge 5 sieve
¢gulating valve 6  collecting tank

—

Figure 2 — A simple arrangement of wet sieving apparatus

5.4 (Drying equipment

Any fprm of ventilated equipment is acceptable for drying, provided that it be fitted with aftemperature
contrpl apparatus capable of regulating the temperature in the equipment to = 5 °C of the desired
temperature-and shall be so designed as to maintain this temperature. Loss of dust from the equipment
shall pe avotded.

It is recommended that the parties concerned with the iron ore and DRI use the same drying procedure
in order that the effect on the size determination be similar.

5.5 Equipment for the determination of mass

Each device for the determination of mass shall have a sensitivity of at least 0,1 % of its rated capacity
and a level of accuracy such that the mass of the test sample and of each size fraction can be determined
to a precision of = 0,1 % or better of the test sample mass.

© IS0 2019 - All rights reserved 9
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6 Samples

6.1 Derivation of size sample

6.1.1 The size sample shall be taken in accordance with the specifications of ISO 3082 and be in the
form of a gross sample, partial samples or increments.

6.1.2 The sample shall be composed of ore that has not been previously used for other tests or
purposes that in any way modify the mass and the particle size distribution.

6.1.3 Forr
6.1.4 Incre
6.1.5 Whe

extracted fro

6.1.6 Whe
or partial sar

6.2 Mass

6.2.1 Geng

The mass of]
defined in 6.}

bplicate size determinations, the corresponding number of size samples shall be provi
ments or partial samples may be combined into a gross sample or into new partial sar

‘e it is not required to sieve the total mass, one or more test samples for sieving sh
In the gross sample, or from each increment or partial sample, by divisipn (see 6.2).

1 testing increments or partial samples, only the combined size analysis of all the incre
nples shall be representative of the lot.

pf test sample(s) for sieving

pral

the test samples used for sieving shall becequal to or greater than the minimum
.2

6.2.2 Minimum mass

For specified
is the same
dividing incr

The minimu
measuremern
be calculated
be determing

Table 3 — (

precision of preparation and measurement (see Clause 11) the required minimum
whether the test sample used- for sieving is obtained by dividing the gross sample
ements or partial sample§ and combining those divided increments or partial samplg

Im mass to be used(for sieving depends on the required precision of preparatio
t, fpm, which is twiCe the standard deviation of preparation and measurement, and
| by means of theZformulae shown in Annex G. The level of precision, fppm, to be used
bd so that thecoverall precision specified in Table 3 shall be met.

omparisen of overall sizing precision, Sspyv, with the precisions of sampling, fis
sample preparation and measurement, Spy

ded.
nples.

all be

ments

mass

mass
or by
S,

h and
shall
shall

and

Mass of lott —200 mm and -50 mm ore: -31,5 + 6,3 mm ore: —6,3 mm fractipn
1000t -10 mm fraction Sinter feed: +6,3 mm fraction

Bspm Bs Brm Bspm Bs Bpm
> 340 3,3 1,49 3,0 or2,92 1,65 0,75 1,5
270 to 340 3,4 1,55 3,0 1,7 0,78 1,5
210 to 270 3,5 1,61 3,1 1,75 0,81 1,6
150 to 210 3,6 1,69 3,2 1,8 0,84 1,6
100 to 150 3,7 1,77 3,3 1,85 0,88 1,6
70 to 100 39 1,86 3,4 1,95 0,93 1,7
45to 70 4,0 1,98 3,5 2,0 0,99 1,7

-200 mm ore: 3,0; -50 mm ore: 2,9.

10
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Table 3 (continued)

Mass of lot -200 mm and -50 mm ore: -31,5 + 6,3 mm ore: —-6,3 mm fraction
1000t -10 mm fraction Sinter feed: +6,3 mm fraction
Bspm Bs Bpm Bspm Bs Bpm
30 to 45 4,2 2,11 3,6 2,1 1,06 1,8
15 to 30 4,4 2,28 3,8 2,2 1,14 1,9
<15 5,0 2,5 4,3 2,5 1,25 2,2
Pellet feed, Pellets,
45 pm fraction 6,-3-nun-fraction
Bspm Bs Brm Bspm Bs Brm
> 340 1,65 0,45 1,6 0,66 0,45 0,50
270 to 340 1,7 0,47 1,6 0,68 0,47 0,50
210 to 270 1,75 0,48 1,7 0,70 0,48 0,51
150 to 210 1,8 0,51 1,7 0,72 0,51 0,51
140 to 150 1,85 0,53 1,8 0,74 0,53 0,52
7D to 100 1,95 0,56 1,9 0,78 0,56 0,54
45t0 70 2,0 0,59 1,9 0,80 0,59 0,54
30 to 45 2,1 0,63 2,0 0,84 0,63 0,55
15 to 30 2,2 0,68 2,1 0,88 0,68 0,55
<15 2,5 0,75 2,4 1,00 0,75 0,66

a  -200 mm ore: 3,0; -50 mm ore: 2,9.

7 Procedures

7.1 [Drying

If dryfing is specified, the iron ore'and direct reduced iron shall be dried in air or by the yise of drying
equipment in accordance with 5.4 The maximum temperature setting shall be 105 °C so that the actual
temperature shall not exceed\110 °C. The sample shall be dried to constant mass.

7.2 |Division

One gr more of théfellowing methods of sample division shall be conducted individually gr jointly; the
appligability of-each method for division of the particular ore and DRI shall be determined|by reference
to ISQ 3082.and’1SO 10835:

a) nrechanical increment division;

b) other mechanical division methods (e.g. mechanically charged riffle divider);

c) manual division.

7.3 Preparation and maintenance of sieves for test or nest sieving

The preparation of sieves shall be carried out in accordance with the specifications of ISO 2591-1.
Before use, each sieve medium and frame shall be degreased and cleaned. The cleaning of a sieve
shall be carried out with great care so that the sieve medium is not damaged. For sieves with
apertures 2 500 um, cleaning shall be undertaken by the application of a soft brass wire brush to the
underside of the sieve. For sieves with apertures < 500 pm, ultrasonic cleaning is the preferred method.
Cleaning shall not entail brushing of the sieve media. The frame should be tapped gently to assist in
freeing trapped particles. At times it could be necessary to wash fine sieves in a warm soft soap and
water solution. After washing or after ultrasonic cleaning the sieves shall be dried thoroughly.

© IS0 2019 - All rights reserved 11
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7.4 Sieving

7.4.1 General

The procedure shall employ one or more of the following methods:

a)
b)
‘)
d)
e)

hand placing on individual sieves (minimum aperture size is 40 mm);

hand sie

ving and assisted hand sieving;

mechanical batch sieving;

wet siev

continudus machine sieving.

ng;

Of the abovg, the hand sieving method performed in accordance with 7.4.3 or 7.4.4 (s, the refgrence
method that

7.4.2 Han

The minimu

a) Gentlys
b)

c)

NOTE

7.4.3 Han

This procedyre is applicable using a sifigle sieve or a sequence of individual sieves.

a)

b)
‘)

d)

e)

f)

]:1 aperture size at which this method is considered to be applicable is 40 mm.
a

shall be used for bias assessments and in settling of between-laboratory disputes.

l placing on individual sieves

ke the sieve by hand until separation seems complete.

Check the particles remaining on the sieve one by one in all*orientations without applying [force.

Particleg which pass through the sieve openings are includéd in the passing fraction.

Weigh the separated size fractions individually.

Use an individual sieve with a heceiver pan. When using a sequence of individual sieves, star
the larggst aperture. Place.iton a smooth platform (to minimize attrition).

Place the¢ charge on thésieve.

Take thq sieve in/both hands and slide it back and forth on the platform at a frequency aboy
times pdr minute;at an amplitude of about 95 mm for 10 s. If the particles are difficult to
especially in the size fractions -4 mm to +1 mm, the back and forth movement should be fol
by a circular motion in case of a round sieve, or by a sequence of movements lifting each side

sieve in

bving measures intermediate diametersg:

1 sieving in the -40 mm to +1 nim range

ThE percentage of passing fractions obtained by the hand placing method tend to be greatef than
those obtaingd by hand or mechanical sieving. Hand‘placing measures minimum diameters, while h3
mechanical si

nd or

F with

t 120
sieve,
owed
of the

ase of asquare sieve: A periodic vertical shake may be giverrwhrenmrusing a roumnd sieve.

Sieving is terminated either on satisfying the end point rule or at completion of a fixed sieving time.
See 4.8 and 7.6.

The materials passing the sieve constitute the charge for the test sieve with the next smallest
aperture.

Weigh the separated particle size fractions individually.

Examples of alternative methods for use of individual sieves are given in Figure 3.

12
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Method 1 (-11, 2 mm) Method 2 (-11, 2 mm)
Key
1 chargeM 7 ~(sieve A
2 charge P 8. sieve B
3 chargeR 9 sieveC
4  chargex 10 receiver plan
5 chargey a M- (x+y + z) = undersize through sieye C.
6 chargez b R - z=undersize through sieve C.

NOTE|1  Sieve A has the largest aperture size.

NOTE|2  Replicate charges M,(P and R in method 2 are produced by careful sample division.

Figure 3 — Alternative methods for use of individual sieves for samples -11,2 mm|to +1 mm

7.4.4| Hand sieving in the -1 mm range

This procedure is applicable to round sieves with 200 mm and 300 mm diameters, using a sinjgle sieve or a
sequenee of individual sieves. In this size range, a sieve together with a lid and receiver pan shall be used.

a) Use an individual sieve with a receiver pan. When using a sequence of individual sieves, start with
the largest aperture. Place it on a smooth platform (to minimize attrition).

b) Place the charge on the sieve and fit the lid.

c) Take the sieve in both hands and slide it back and forth on the platform at a frequency about
120 times per minute at an amplitude of about 95 mm for 1 min. The back and forth movement
should be interrupted three times per minute, turn the sieve 90° and give a hard tap by hand
against the sieve frame. A periodic vertical shake may be given. If the particles are difficult to sieve
or when using fine sieves, the underside of the sieve medium shall be cleaned gently with a soft
brush in order to loosen trapped particles. The resulting dust or particles released below the sieve
are added to the undersize material.
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d) Terminate sieving either on satisfying the end point rule or at completion of a fixed sieving time.
See 4.8 and 7.6.

e) Weigh the separated particle size fractions individually.

7.4.5 Mechanical batch sieving

This procedure is applicable to any size of iron ore and DRI using a single sieve or nest of sieves. The
machine shall satisfy the criteria given in 5.2.

time.

a) Assemble the nest of sieves with the largest aperture at the top and the receiver pan at the base.

b) Place the charge on the top sieve and fit the lid.

c) Attach the nest of sieves to the mechanical shaker.

d) Terminafe sieving either on satisfying the end point rule or at completion of a fiXed sieving
See 4.8 dnd 7.6.

e) Weigh the separated particle size fractions individually.

7.4.6 Wetpkieving of coarse and fine samples

The general

Arrange the
the water at
the sieve. Ta
excessive w3
with a small

For manual
water during
water does 1|

Method 1 dd
sample may
of the nest. T
sieve. If the §
indicated in |
the same con

A schematic

cieving system so that an entire charge is subjected t0-a copious flow of clean water.
low velocity and also low pressure. Take care th@t water does not flow over the s
ke care to avoid damage to the sieve medium, 0r*cause degradation by the applicat

quantity of water before agitating the sievesin order to reduce dust losses.

vet sieving using individual sieves, anvalternative method is to submerge the cha
b the agitation of the sieve. When.ising this method, care shall be taken to ensur
ot flow over the side of the sieve|

scribed in Figure 3 shall beiised if only a limited quantity of material is availablg
be washed successively through a nest of sieves with the finest aperture size at the b
he suspension that washes through the coarser sieve shall be placed directly on th
ample is large, a numbler of individual charges may be used in accordance with met
Figure 3. At completion, dry the sieves together with the retained oversize material
ditions as those'specified in 7.1.

liagram of @reliable procedure for wet sieving of fine samples is shown in Figure 4.

procedural rules applicable to dry sieving (see 7.4.2 to 7.4,5) also apply to wet sieving.

Apply
ide of
ion of

ter pressure. If the sample has been dried prior to wet sieving, wet the sample by mixing

rge in
e that

e, The
bttom
b next
hod 2
linder
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Determine mass of dried input

Input
* /Water
‘ A
- B Wet sieving in a nest of sieves to
remove attached fines and dust
- C
- D
~ E
‘ -0,2 mm undersize from E
Drying ‘
A Wetdindersize material (superfines)
B Dry sieving
(mechanical)
C Settling
D
E Decantation of supernatant water
Y -02mm i
‘%Dwing and mass determination
Reconstruction of final size distribution
NOTE If a subsequent size distribution of the total undersize product (superfine sample) {s needed, the
underpize product sheuld‘be wet sieved until the water emerging from the underside of the bottom sieve attains
absolyte clarity on ¥jsiral inspection.
Figure 4 — Suggested wet sieving procedure for fine samples (-11,2 mm]

7.4.7 — Continuous machine sieving

Due to the diversity of type and configuration of continuous sieving machines, no specific procedural
guide is provided in this document. It is recommended that the manufacturer's instructions be strictly
adhered to.

Continuous sieving machines shall be tested for bias in accordance with 5.2.
7.5 Determination of mass

7.5.1 General

At all stages of operation, the mass of the charge and products shall be determined using equipment in
accordance with 5.5 and then recorded. These operations cover drying, division and sieving.
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7.5.2 Wetsieving — Determination of mass of solids-content in washings

The following procedures are permissible.

a)

b)

<)

7.6 Determination of sieving end point
7.6.1 Dry sieving

7.6.1.1 Procedure when using a nest of sieves

a)

g)

7.6.1.2 Procedure foraising a sequence of individual sieves

This procedyre simulates sieving with a nest of sieves.

a)
b)

d)

16

The charge is dried before and after wet sieving so that the loss of sample in the washings (which
need not be collected) can be obtained by difference.

The charge is sieved in the “as-received” state, but the washings are collected to enable the solids to
be extracted by filtering (or by another efficient method), dried and their mass measured.

The charge is sieved in the “as-received” state and the washings are not collected. Instead, the
moisture content of the charge needs to be known, and this is obtained in accordance with ISO 3087.
Hence, the Toss of sample in the washings can be obtained by weight difference as in procedute a).

Position|the specification sieve immediately above the pan; add larger aperture size sieyes as
required then fit the lid. If there is no specification sieve, the end peihtruling shall be applied fo the
sieve haying the smallest aperture size.

Place the¢ charge on the top sieve of the nest of test sieves and-sieve for 1 min.

Remove the sample, which passes into the pan, and detefmine its mass.

Replace the empty receiver pan and continue the sie¥ing operation for a second 1-min period
Determipe the mass of the sample that passes into the pan during the second 1-min interval.

Repeat this sequence of sieving for 1 mip‘and determine the mass of undersize until the quantity
of materjial passing the specification sieve’in any 1 min is less than 0,1 % of the mass of the [nitial
charge ofr until the collective sieving time reaches 30 min.

Adopt tHe duration of sieving to reach the end point for the specification sieve as the sieving time
for all of the sieve size fractions of the sample being tested. If an end point is not reached within
30 min, then adopt an arbitFrary sieving time.

Use an individaal sieve with a receiver pan and lid.

Place thechargeomrthesteve wittr the targestaperture size, andsieve for t0—st=46—mmrto=+1 mm
range) or 1 min (-1 mm range) when the hand sieving procedure is used. In the case of mechanical
sieving, sieve for 1 min (all ranges —40 mm). The sample passing the sieve constitutes the charge
for the test sieve with the next smallest aperture size. Sieving for 10 s or 1 min is performed at
successively smaller sieve aperture sizes down to the specification sieve.

Remove the sample, which passes from the specification sieve into the pan, and determine its mass.

Continue this “sieve to sieve” sequence of operation until the quantity of sample passing the
specification sieve in 10 s (-40 mm to +1 mm range) or 1 min (-1 mm range) is less than 0,1 % of the
initial charge or until the collective sieving time reaches 300 s (-40 mm to +1 mm range) or 30 min
(-1 mm range).
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e) Adopt the duration of sieving to reach the end point for the specification sieve as the sieving time
for all sieve size fractions of the sample being tested. If an end point is not reached within 300 s
(-40 mm to +1 mm range) or 30 min (-1 mm range), then adopt an arbitrary sieving time.

7.6.2

Wet sieving

A wet sieving operation on an individual sieve is considered to be complete when the liquid used is
practically clear when it flows through.

8 Verification

8.1

Regul
carrig
frequ

General

ar checking of apparatus and procedures is essential to verify the test results. Ch
d out prior to the commencement of a routine size analysis and at regulapintervals t
ency of checking is a matter for each laboratory to determine. A detailed:record of a

activities shall be maintained and reference to same be made in each test feport.

8.2

The p
evalu
parar

8.3

Thea
recor
or IS(
ISO 3
is to
to thd

8.4

Checking of division

recision of any division procedures adopted during sievé\size analysis shall be det
hted in accordance with ISO 3085. More frequent checks shall be carried out or
heters associated with the adopted division methods

Verification of sieve media

ccuracy of the sieve medium shall be verified'initially, verification shall be repeated re
H card shall be kept for each sieve. Verification may be made by the procedures given

3310-2. When a sieve medium no lenger complies with the tolerances specified in |
B10-2, the marking on the label shallbe cancelled and the sieve discarded. An altern
ompare the performance of a sieve with that of a reference sieve, using a sample ma
one for which the sieve is tosbe used.

Verification of sieving machines

The machine sieving opération shall be verified initially as described in 5.2 and shall be ¢

at agr
as vil

8.5
Allw

eed intervals. Mepe frequent checks shall be carried out of machines' operating par
rating frequeney, amplitude and direction.

Verification of weighing devices

bighing devices shall be checked regularly using procedures appropriate to the devic

bcks shall be
ereafter. The
| verification

ermined and
1 the critical

gularly and a
nISO 3310-1
SO 3310-1 or
htive method
terial similar

hecked again
nmeters such
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9 Results

9.1

Evaluation of results

The sum of the fractional masses of each operation shall not differ by more than 1 % for dry sieving and
3 % for wet sieving, from the mass of the input to the operation. All gains or losses shall be recorded in
the test report.

When applying 7.5.2, the above instruction is not applicable.

© IS0 2019 - All rights reserved
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9.2 Calculation and expression of results

9.2.1 The percentage size fraction content of each of the size ranges of the lot shall be calculated in
accordance with 9.2.2 and 9.2.3.

9.2.2 When the size analysis is based on sieving a gross sample or a test sample derived from the gross
sample, calculate the percentage of each size fraction to the nearest first decimal place as follows:

Mass of a size fraction
Total mass of all size fractions

% (size fraction)=100x

9.2.3 When the size analysis is based on sieving several partial samples or increments, then suln the
masses of eath respective fraction from each sample and calculate the result as in 9.2.2.

Tables 4 and|[5 illustrate the applications of 9.2.2 and 9.2.3, respectively.

In case the ayerage particle size (APS) is required, calculate APS in accordance with Annex J.

Table 4 — Example of calculation and evaluation of results when sieving a gross sample or test
sample derived from the gross sample (see 9:2.2)

Mass of test portion = 14 528 g
Sieve aperture size Size fraction
mm g %
40 83 0,6
31,5 507 3,5
25 1228 8,5
20 2188 15,2
12,5 4 615 32,0
9,5 2693 18,7
8 1440 10,0
6,3 990 6,9
Undersize 682 4,7
Total 14 426 100,0
Original mas$: 14 528
Total mass offall size fractions: 14 426
Difference (s¢e 9.1): 102 102/14528=0,7 %
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Table 5 — Example of calculation and evaluation of results when sieving several partial
samples or increments (see 9.2.3)

Increment (or partial sample) no. 1 2 3 4 Total
Mass of test portion, g 14 528 14 400 14 220 15 201 58 349
Sieve aperture size Size fraction
mm g g g g g %
40 83 70 65 70 288 0,5
31,5 507 465 444 452 1868 3,2
25 1228 1201 1185 1986 5.600 9,6
20 2188 2189 2150 2199 8726 15,0
12,5 4615 4598 4 430 4603 18 246 314
9,5 2693 2700 2852 2698 10 943 18,8
8 1440 1439 1429 1426 5734 9,9
6,3 990 998 982 1002 3972 6,8
Undersize 682 678 700 650 2710 4,7
Total 14 426 14 338 14/237 15086 58087 100,0
Origipal mass: 14 528 14 400 14 220 15201 58 349
Totaljmass of all size fractions: 14 426 14338 14 237 15086 58 087
Diffettence (see 9.1), g: 102 62 17 115 262
Diffegence (see 9.1), %: Q0,7 0,4 0,1 0,8 0,4

9.3 |Repeatability and acceptance of results

9.3.1| Where the test portions/are to be extracted from the gross sample, partial samples of increments,
the division forms part of the siZe analysis procedure and the following assessment shall e adopted in
accorflance with Annex H.

9.3.2| Four test portiens for sieving shall be prepared in accordance with the division procedures
adopfed. In the casewhere one sample of selected mass is extracted, e.g. in mechanical division, it is
recommmendedthat the required further division to four test portions be carried out by|the adopted
meth¢d of division (see 7.2).

9.3.3| COf the four test portions, two shall be submitted initially for size analysis. If the resulting size
analySes agree within tie fimit 7 prescribed 1 9-3-8 (witlt Teference to the specification 5iZe or other key
aperture size), the mean of the size analysis of the two test portions is taken to be representative of the lot.

9.3.4 If the two size analyses do not agree within the limit r prescribed below and agree within the
limit 1,2 r, a third test portion shall be sieved. If the range of these three size analyses agrees within the
limit 1,2 r, the mean of the size analysis of the three test portions is taken to be representative of the lot.

If the two size analyses do not agree within the limit r prescribed below, the third and the fourth test
portions may be sieved in accordance with 9.3.5.

9.3.5 Ifthe range of these three size analyses do not agree within the limit 1,2 r, the fourth test portion
shall be sieved, or if the first two size analyses do not agree within the limit 1,2 r, the third and the fourth
test portions shall be sieved.
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9.3.6 If the range of these four size analyses agrees within the limit 1,3 r, the mean of the size analyses
of all four test portions is taken to be representative of the lot.

9.3.7 If the range of these four size analyses do not agree within the limit 1,3 r, the median of these
four size analyses is taken to be representative of the lot. The median of four test results is defined as the
mean of the two non-extreme test results.

9.3.8 The value of r shall be V2 Bpy with reference to the specification size or other designated
aperture sizes, where fpy, the precision of sample preparation and measurement, should not exceed the
value listed in Table 3 for each type of ore.

10 Test report and working log

The test resylts shall be traceable and cover the following items:

a) the samjple: identity, condition and form of sample;

b) the document used (including its year of publication), i.e. ISO 4701:2019;

c) the method used, including details of preparation and procedure (incliding sieving methodg and
sieving gpparatus used, as given in Annex B);

d) the result(s), including a reference to the clause which explains.how the results were calculated;
e) any deviptions from the procedure;

f) any unugual features observed;

g) the date of the test;

h) name anfd address of the testing laboratory;

i) identity pf test operator.

11 Precision

11.1 Overall precision, SspM

This document has been<pyepared with the aim of satisfying the approximate overall prefision
requirementf defined in 0 3082 and ISO 10835. These precisions for sizing are set out in Table 6.

The overall precision obtained in practice should be determined regularly according to one ¢f the
protocols seff out iSO 3085.

11.2 Precision of preparation and measurement, 5pM

It is not practically possible to separate and evaluate the precisions of preparation and measurement.
The magnitude of the combined precision of preparation and measurement, Spy, should be determined
regularly.

Table 3 provides a comparison of overall sizing precision, Sspm, with the precisions of sampling, s, and
sample preparation and measurement, Spym.
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Table 6 — Overall precision of sizing, fspy (values as absolute percentages)

Approximate overall precision, Sspy
Mass of lot, t
Size characteristics o 210 000 | 150 000 | 100 000 | 70 000 | 45000 | 30 000 | 15000 | Less
ver
270 000 to to to to to to to than
270000 | 210 000 | 150 000 | 100 000 | 70 000 | 45 000 | 30 000 | 15 000

—200 mm —10 mm
ore i

fraction, | 5, 3,5 3,6 3,7 39 4,0 42 44 5,0
_50 mm mean
ore 20 %
-31,5 ~6,3mm

fraction,
+6,3 Inm
ore mean

10 %

+6,3 mm
Sinter |fraction, |, , 1,75 1,8 1,85 1,95 2.0 2.1 2P 2,5
feed mean

10 %

-45 pm
Pellet|feed fraction,

mean

70 %

-6,3 mm
Pelles f;i‘;trion 0,68 0,70 0,72 0,74 0,78 080 | 084 | 088 1,00

5 %
-31,9 ;r6a’c3tir2r11n
+6,3 rm mean 2,0 2,2 22 2,5
DRI Iyimp 10 %

-6,3 mm
})RI pel- |fraction, 0,8 0.9 0b 10
ets mean

5%
NOTE| Data from ISO 3082 and ISO 10835:2007, Table 1.
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Annex A
(informative)
Steps for establishing operating conditions

Table A.1 — Steps for establishing the operating conditions for the determination of size
distribution using a single sieve or a nest of sieves

Step Sieving scheme Reference
1 Identify the material to be sieved.
1.1 Alscertain the bulk density. 4.7.2
1.2 Alscertain the apparent density (pa). Annex G[Formula (G.1)]
1.3 Alscertain the required fpum. Annex)G [Formula (G.1)]
1.4 Alscertain the nominal top size. Antlex G [Formula (G.2)]
1.5 Alkcertain the specification sieve and its percentage. Annex G [Formula (G.2)]
NOTE Ifthere is no specification sieve, use the smallest aperturé.size.
Chlculate the minimum mass of sample to be sieved. Annex G [Formula (G.1)]
Dlefine the single sieve or nest of sieves to be used, to avoid.damage [4.6
t¢ sieves.
4 Dletermine the number of batches to be carried out. —
4.1 Alscertain the approximate size distribution of the'material to be sieved, .
cprresponding to the single sieve or nest of sieves defined in step 3.
4.2 Chlculate the mass to be retained on the single sieve or nest of sieves
s¢lected, using the minimum mass calgulated in step 2 and the size —
djstribution in step 4.1.
4.3 Cpmpare the masses obtained instep 4.2 with the ones established in [4.7.2
4|7.2 and establish the numberofbatches to be carried out.
5 Dletermine the sieving time{ 4.8
6 Check the sieve machinés using ISO 3086, taking hand sieving as the 2
reference method.
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Annex B

(normative)

ISO 470

1:2019(E)

Scheme of sample preparation and sieving procedure

Table B.1 — Scheme of sample preparation and sieving procedure

Test sample Test portion Sieving Size fraction R
o . ; esults
ronditions preparation method drying
No Natural bjasisa
Dry -
Natural Yes Dry bakis
Natural or - .
s received Wet Yes Dry basis [7.5.4. b) and c)]
i Wet Yes Dry basis [4.5.2 a)]
Dried
Dry No Dry bagis
) ) Wet Yes Dry basis [1.5.2 a)]
Dried Dried -
Dry No Dry bakis

NOTE|1 Ifitis not possible to cover the range of a single distribution usihg a single method, overlap the m
determination so that one or more size classes are assessed by both methods (refer to ISO 2591-1).

NOTE|2 The changeover from one method to another shall be clearly indicated in the report.

a  Nptrecommended for size fractions under 4 mm.

ethods of size
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Annex C
(normative)

Maximum mass to be retained at completion of batch sieving

Table C.1 applies for a typical sample of bulk density 2 300 kg/m3. For other densities, the retained
mass shall be changed pro rata. The ratio expressed by Formula (C.1) can be applied to the maximum

mass values ppeciftedim Table €1

__Pv]|
2300
where
R isratio;

pp is actual bulk density of the sample, in kilograms per cubic metre) determined in accorda

(€.1)

nce

with ISO 3852.
Table C.1 | Maximum mass to be retained on a sieve at complétion of batch sieving (m) in grder
to obtain good sieving efficiency
Sieve apertuyre Maximum mass to be retained on | Sieve aperture Maxim}lm mass to be I:etained
size sieve at completion of sieving size onsieve aF co_mpletlon of
sieving
mm ZOQ mm dia. 309 mm dia, um ZOQ mm dia. SOQ mm ¢lia.
sieves kg sieves kg sieves g sieves g
100 900 140 300
90,0 850 140 300
80,0 800 140 300
63,0 710 140 300
50,0 630 125 270
45,0 600 120 260
40,0 560 110 250
31,5 2,9 500 110 250
25,0 2,4 450 100 230
22,4 2,3 425 95 220
20,0 23 400 90 200
16,0 1,8 355 90 200
12,5 1,4 315 80 180
300 80 180
280 80 180
250 80 180
g g 224 70 160
11,2 600 1300 212 70 160
10,0 500 1100 200 70 160
8,00 400 900 180 70 160
6,30 350 700 160 60 145
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Table C.1 (continued)

. . . . Maximum mass to be retained
Sieve aperture | Maximum mass to be retained on | Sieve aperture . .

. : . A - on sieve at completion of

size sieve at completion of sieving size L
sieving
200 mm dia. 300 mm dia. 200 mm dia. 300 mm dia.
mm ) . um ! !
sieves kg sieves kg sieves g sieves g

5,60 300 650 150 60 135
4,00 200 450 140 60 130
3,55 180 400 125 60 130
'2"2': 180 400 112 60 120
3,15 180 400 106 50 O 115
2,8 180 400 100 50 A\ 110
2,5 180 400 90 a5 N7 100
2,36 180 400 80 140~ 90
2,24 180 400 75 () 40 90

2 180 400 71 {2 40 90

N\

1,8 160 360 63 , O 40 90
17 150 340 56~C 35 80
1,6 145 320 58 35 80
14 140 300 D50 35 80
1,25 140 300 & 45 35 80
1,18 140 300 . f 40 30 70
1,12 140 300 & 38 30 70

1 140 300, 36 30 70

N
O
o
&
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Annex D
(informative)

Size apertures in R20 and R40/3 series

Table D.1 — Size apertures in R20 and R40/3 series

Millimetre sizes Micrometre sizes o
1252 ga 900 56 Q’\
112 71 850D 53
106b 6,7b 800 50 4O
100 6,3 7102 458 e
90a 5,6 630
80 5 600P & '38b
75b 4,75b 560 < 7 36
71 4,5 5008 AN
63a 4a 450 N
56 3,55 425b 7
53b 3,35b 400~
50 3,15 18552
45a 2,8 AV 315
40 2,5 <O 3000
37,5b 236b . 280
35,5 2,24 ()" 250a
31,52 e 224
28 _O18 212b
26,5b I O\'J 1,7b 200
25 K2) 16 180a
2242 O 1,4a 160
20 Q- 1,25 150b
1 1,18 140
18 1,12 125a
ENEC 1a 112
VJ 14 106]’\
13,2b 100
12,5 90a
11,2 80
10 75b
9,5b 71
9 63a
a  R20and R40/3 series screens.
b R40/3 series screens.
NOTE Taken from ISO 565.
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Typical batch sieving apparatus

Batch sieving is usually carried out on a sieve or on a nest of sieves. Typical apparatus for carrying out

batch sieving is shown in Figure E.1.
’—/—\ 1

Key

1 lig

2 lqrgestaperture sieve

3 intermediate npnrhlrn sieve gr sieves
4  smallest aperture sieve

5 receiving pan

Figure E.1 — Typical batch sieving apparatus
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Annex F
(informative)

Desirable features of mechanical sieving machines

F.1 Continuous sieving machines

Examples of pieve deck arrangements are given in Figures F.1 to F.4.

(Coarsest A B — C —» D— E finest)

C_

a  Feed.
Figure F.1 — One deck, one drive
N
\\\\‘\\\\‘\\\\\\\?A
S
|
a  Feed.

Figure F.2 — Multi-deck, one drive
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v
—» D
a  Feed.
Figure F.3 — Multi-deck, multi-drive, coarse particles removed first
TN
TN
e S
Ty
T Ty
\ \J i
E D C B A
a  Feed.
Figure F.4 — Multi-deck, multi-drive, fine particles removed first

The motion'imparted to the sieving medium should do the following:

a) stratily the sample causing large particles to rise to the top of the bed and fines to move to the bottom;
b) ease the particles through the apertures of the sieving surface;

c) turn the particles over so that they present different aspects to the apertures;

d) move the sample steadily along the sieving surface;

e) prevent particles blocking the sieve apertures (i.e. “blinding”).

More common continuous sieving machines are of the vibratory type. The motion in the vertical plane
is either circular or linear (occasionally elliptical).
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There is no evidence to show that one type of motion is better than another. Linear motion (provided
it has a forward throw) has the advantage that the sieving medium need not be inclined and thus saves
headroom. It could give greater retention time.

Based on practical experience, the amplitude of vibration rather than frequency should be increased if
the sieve apertures are tending to blind-up, or if the “size-of-cut” is large (say +22,4 mm apertures).

With circular motion and for test sieving as opposed to commercial sieving, a backward throw coupled
with a forward sieve inclination of 10° to 15° should ensure a reasonable flow-rate of sample ore,
provided that the sample is free-flowing. Samples that are not free-flowing will require a steeper deck
and a forward throw.

F.2 Nest sieving machines

Most of the details regarding continuous sieving machines also apply to nest sieving machines. A major
difference ig| that, generally, particles should be made to progress over the whole ‘sieving surface,
moving eith¢r from side to side or in circular paths. A vibratory motion that causes'particles to pile
up against ofe side of the sieving frame is undesirable. Two possible methods_df meeting the d¢sired
objectives arje as follows:

a) mounting the nest of sieves on a rotating wedge-shaped turntable, ‘thereby tilting the $ieves
cyclically and causing the particles to move from side to side;

b) impartifjg a swirling motion to the nest of sieves, similar:te that imparted by hand sieving
operatio[:s.

The above mptions may be additional to any primary up-and*down sieving action.

For sieving ip the -4 mm range, it is acceptable to have.a’simple up-and-down motion only. The|slight
irregularitief in the motion are sufficient to causethe fine particles to progress randomly over the
surface of the sieves.

In view of the fact that sieves are emptied and-cleaned at frequent intervals, the sieve motion dan be
chosen, morg to give efficient size separation than to overcome blinding. Thus, low amplitudeg (say,
-3 mm), high frequency motions tend teibe used. Besides giving efficient size separation, they also
inhibit degradation of friable particles.

F.3 Variaple motion drives

Greater flex]bility of operation is obtained, particularly with continuous sieving machines, [if the
frequency and amplitude-of the drive can be made variable. Frequency variation is readily obtained if
the motion i derivedfrom a rotary device. Amplitude variation is normal practice with electromagnetic
vibrators (where amplitude is small anyway) and can be obtained fairly easily with out-of-balanc¢ type
vibrators. In [the'latter case, the variation normally has to be made by means of a mechanical adjusfment
after the sieying machines have been stopped. A variable motion drive is of less importance with nest
sieving machines since with these the efficiency of size separation can normally be increased simply by
increasing the sieving time.

Electromagnetic vibratory shakers should not be used when strict comparability with other tests
or laboratories is required, since it is difficult to be sure of the identical intensity of vibration in
different tests.
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