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INTERNATIONAL STANDARD

1SO 4701-1985 (E)

Iron ores — Determination of size distribution by sieving

1 Scope

This Interpational Standard specifies the methods to be
employed for determination of size distributions by sieving of
iron ore, whether natural or processed (e.g. concentrates and
agglomerates, such as pellets, sinters or briquettes), utilizing
sieves havipg the aperture size of 45 um and over.

In this Intgrnational Standard, the terms ‘‘iron ore’’ or “ore”
shall refer {o all the above-mentioned types of materials.

The sample of iron ore is subjected to sieving procedures for
the purpo; of determining the size distribution of the con-

stituent pafticles. The size distribution is to be expressed in
terms of mpass and percentage mass, passed or retained on
selected sigves.

The methgds described in this International Standard are
equally applicable to size determination utilizing one, two or
several sie\es.

2 Field|of application

for any testing of iron ore involving size détermination and for
use by comtracting parties in the saleland purchase of this
material.

The purpole of this International Standard is:to'provide a basis

When this| International Standard is used for comparative
purposes, Egreements should \be reached between the pro-

ducer and the consumer in‘respect of the detailed method to be
employed in order to gliminate sources of subsequent contro-
versy.

3 References

ISO 3082, /ron ores — Increment sampling — Mechanical
method. 2)

ISO 3083, /ron ores — Preparation of samples — Manual
method. 3

1ISO 3084, /ron ores — Experimental methods ffor the evaluation
of quality variation.

I1SO 3085, /ron ores~s~ Experimental methods for checking the
precision of sampling.

1SO 3086, #ron ores — Experimental methodq for checking the
bias of sampling. 4
ISO3310, Test sieves — Technical requirements and testing —

Part 1: Test sieves of metal wire cloth.

Part 2: Test sieves of metal perforated plate.

4 Definitions

4.1 lot: A definite quantity of an ore, procziﬁsed or produced
under conditions which are presumed uniform.

4.2 consignment: A quantity of an ore [delivered at one
time. The consignment may consist of one or fnore lots or parts
of lots.

4.3 increment: A quantity of an ore obtained by a sampling
device at one time from a consignment or lot; also a quantity
taken in the increment division method.

4.4 subsample: A quantity of an ore consisting of several
increments or divided increments taken from a part of the

consignment-orlot
-or-lot-

ISO 565, Test sieves — Woven metal wire cloth, perforated
plate and electroformed sheet — Nominal sizes of openings.

ISO 2591, Test sieving.

1ISO 3081, /ron ores — Increment sampling — Manual method. 1)

1) At present at the stage of draft. (Revision of ISO 3081-1973.)
2) At present at the stage of draft.

3) At present at the stage of draft. (Revision of ISO 3083-1973.)
4) At present at the stage of draft. (Revision of ISO 3086-1974.)

4.5 gross sample: The quantity of an ore consisting of all of
the increments or divided increments or subsamples or divided
subsamples taken from a consignment.

4.6 final sample: Any sample for determination of size
distribution, moisture content, chemical composition or other


https://standardsiso.com/api/?name=58a4f2f42799d51a356aecb40eea345c

1SO 4701-1985 (E)

physical properties, which is prepared from each increment,
each subsample, or from the gross sample in accordance with
the specified method for that type of sample.

4.7 size sample: The sample taken for the determination of
size distribution of the consignment or part of the consign-
ment.

4.8 mass of sample used for sieving: The quantity of iron
ore which is actually sieved (i.e. the sum total of all charges
used in obtaining a particular size distribution).

4.21 specification sieve: The sieve having an aperture size
corresponding to the specification size (see 4.17).

4.22 sieving: The process of separating a mixture of par-
ticles, according to their size, by means of one or more sieves.

4.23 hand placing: A sieving operation in which particles
are presented individually and by hand to the sieve apertures
and orientated until either they can be passed through without
force being applied, or they can be clearly classified as over-
size.

4.9 particle: A discrete coherent body of the ore regardless
of size.

4.10 particle size (in sieve analysis) : The size of the smallest
sieve aperture t!trough which the particle has passed and the
size of the largedt sieve aperture on which the particle has been
retained.

4.1 maximuLn particle size: The maximum particle size of
a sample designates the largest size of sieve aperture on which
approximately 5|% (m/m) of iron ore is retained.

4.12 size distribution: The quantitative grouping of par-
ticles in the sample according to size. It is expressed in terms of
percentage mas$, passed or retained on selected sieves in re-
lation to the totdl mass of the sample.

4.13 size fragtion: The portion of the sample separated by.
one sieve or twq sieves of different apertures.

4.14 oversizelfraction: The portion of the sample.not pass-
ing the coarsest|sieve in the test, e.g. +x mm/{orum).

4.15 undersize fraction: The portion.of the sample passing
the finest sieve in the test, e.g. — z mm.(or um).

4.16 intermediate size fraction: The portion of the sample
specified by tHe smallest~sieve aperture, x mm (or um),
through which the fraction:has passed together with the size of
the largest sieve faperture;y mm (or um), on which the fraction
has been retaingd in the test, e.g. —x + y mm (or um).

4.24 hand sieving: A sieving operation in-whicH the sieve or
sieves are supported and agitated manually.

4.25 assisted hand sieving: A/ieving operatipn in which
the sieve or sieves are supported mechanically, but{are agitated
manually.

4.26 mechanical sieying: A sieving operation {n which the
sieves are supported’and”agitated by mechanical neans. This
operation may becither batch or continuous sievipg.

4.27 batchsieving: A sieving operation in whi¢h a specific
quantity of‘iron ore is presented to one or more s].ileves which
are agitated either by hand or by mechanical means.

Characteristically, the resulting products are retaingd within the
frame of the sieve or sieves until the end of the [operation is
reached and the number of presentations of particles to the
apertures is dependent on the length of sieving til[e.

Batch sieving is usually carried out on a sieve or a nest of sieves

as indicated in figure 6 (annex B).

4.28 continuous sieving: A sieving operation in which the
ore is fed continuously into one or several conse(;Itive sieving

surfaces, over which it travels (e.g. by virtue of the sieving sur-
face being agitated, rotated and/or inclined). The products are
continuously discharged. (See annex C.) The operation is a
form of mechanical sieving.

Characteristically, the number of presentations of| particles to
the aperture is dependent on the path length over the sieve
media.

4.29 wet sieving: Sieving with the application jof water.

4.17 specification size: Any sieve size (or sizes) selected by
the interested parties to define the limit (or limits) of the frac-
tion considered by them to be significant.

4.18 bulk density: The mass in air of a unit volume of iron
ore, including the voids within and between particles, ex-
pressed as mass units per unit volume e.g. kg/m3. -

4.19 sieve: An apparatus for the purpose of sieving con-
sisting of a sieving medium mounted in a frame.

4.20 sieving medium: A surface containing regularly
arranged apertures of uniform shape and size.

4.30 dry sieving: Sieving without the application of water.

4.31 charge: A quantity of ore to be treated at one time on
an individual sieve or nest of test sieves.

5 Apparatus
5.1 Sieve media

5.1.1 Shape of aperture

The sieve media shall have square apertures in accordance with
1SO 565.
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5.1.2 Size of aperture

The nominal size of aperture to be utilized shall be selected
from the R20 series given in ISO 565 (see annex D).

5.1.3 Construction of sieve media

The sieve media shall be in accordance with [SO 565,
1SO 3310/1 and ISO 3310/2. In view of the high densities of
iron ores, metal perforated plate is preferred as the sieving
medium. For aperture sizes of 4 mm or smaller, woven wire
shall be utilized.

1SO 4701-1985 (E)

brass wire brush to the underside of the sieve; for fine sieves
with apertures less than 500 um, cleaning shall not entail
brushing of the sieve media. The frame should be tapped
gently to assist in freeing trapped particles.

At times it may be necessary to wash fine sieves in a warm

soft soap and water solution. After washing or after
ultrasonic cleaning the sieves should be dried thoroughly.

5.3.2 Maintenance (including verification procedure)

The accuracy of the sieve medium should be verified initially

It is recojpnmended that indiscriminate mixing of perforated
plate and|woven wire sieves should be avoided within any
determinatlion in order to ensure continuity of results.

In cases where woven wire sieves are used, particularly in the
+ 4 mm range, it should be recognized that:

a) with round frame sieves, partial apertures are
unavoiflable. This increases the risk of accidental retention
of undersized particles which may become wedged in the
partial @pertures;

b) tolerances on aperture size are wider than for per-
forated plate and this may influence results;

c) thip type of sieve medium is prone to distortion.

In cases where perforated plate is utilized as the medium, all in-
complete gpertures in the floor of the sieve should be blanked
off. Omisgion of this blanking off is permissible, provided that it
is recognized that the particles retained in these partial aper-
tures are removed without breakage and correctly sized before
the size fractions are weighed.

5.2 Sieye frames

5.2.1 Shppe and size

Sieves usg¢d for hand or mechanig¢alynest sieving shall have
frames in |accordance with 1SQ2591. Frames may be either
round or rectangular.

5.2.2 CTstruction

The sieve frames shall hest snugly with each other and with the
lid and regeiver pan of the same type. The frame should be
smooth arld/the‘seals of the sieves so constructed as to avoid
lodging oflthe’material and loss of fines

and—verifteation Iarly during use.
Factors such as the frequency of use and typk of iron ore sieved
will influence the frequency of verification. It is recommended
that a record card be kept for each 'sieve.

Verification may be made /by)the procgdure included in
1ISO 3310/1 and 1SO 3310/2;

with the performance of a reference sieveé using a sample

Another method is ta_compare the perforr}ance of the sieve
material similar to the one for which the test gieve is to be used.

When a sieve medium no longer complies with the tolerances
specified i 1SO 3310/1 and ISO 3310/2, tHe marking on the
label shotild be cancelled and the sieve discarded.

5.4" Sieving machines

Any type of apparatus is acceptable, provided that the results
obtained with reference to the specification size selected or
other aperture size as agreed upon, are with|n + 2 % of those
of hand placing or hand sieving methods farried out under
closely controlled conditions in accordance with 1SO 2591.
Each type of sieving machine should be fested for bias in
accordance with the procedures given in Isni 3086 and will be
acceptable if no significant bias is proven. It may be necessary to
have an operator available to keep the sieve |media unblocked.
(See annex C — desirable features of sieving machines.)

5.5 Accessories for wet sieving

When wet sieving is carried out, it is npcessary to have
available, in addition to the apparatus previously mentioned, a
controllable supply of water, a spray npzzle and where
appropriate, a collecting tank. A simple arrapgement is shown
in figure 1.

When wet sieving on sieves having apertureg less than 125 um

5.3 Preparation and maintenance of sieves

5.3.1 Preparation

The preparation of sieves shall be carried out in accordance
with the recommendations of ISO 2591, amplified as follows:

Before use, the sieve medium and frame shall be degreased
and cleaned. The cleaning of a sieve should be carried out
with great care so that the sieve medium is not damaged.
For sieves with apertures equal to or greater than 500 um,
cleaning should be undertaken by the application of a soft

it is preferred that
a) the sieve be constructed of stainless steel;

b) the medium has a backing to prevent possible sagging
and distortion caused by water pressure. This backing may
typically consist of a sieve media having 2 mm square aper-
tures.

NOTES

1 The backing should be made so that the particles cannot get stuck
between two sieve media.

2 The water pressure should be adjusted as gently as possible in order
to avoid damage to the sieve media.
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5.6 Drying equipment

Any form of ventilated equipment is acceptable for drying pro-
vided that it is fitted with a temperature control apparatus
capable of regulating the temperature in the equipment to
within =5 °C of the desired temperature and should be so
designed as to maintain this temperature. Loss of dust from the
equipment should be avoided.

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

5.7 Equipment for the determination of mass

Each device for the determination of mass shall have a sensi-
tivity of at least 0,1 % of its rated capacity and a level of ac-
curacy to permit the mass of the test sample and of each size
fraction to be determined to a precision of + 0,1 % or better of
the test sample mass.

Equipment should be chosen in a suitable range of capacities to
meet these requirements to ensure that the final reporting can
be to the first decimal place.

Spray nozzle

T Sieve
———— Collecting tank

Pressure gauge

Regulating valve

Water sdpply from
reservoir|tank

Figure 1 — A simple arrangement of wet sieving apparatus
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6 Derivation of size sample

6.1 The size sample shall be taken in accordance with the
recommendations of 1ISO 3081 and ISO 3082 and shall be com-
posed of ore which has not been used previously for other tests
or purposes which in any way modify the mass and the particle
size distribution. A dried sample, dried for moisture determi-
nation or otherwise, may be used as a size sample.

6.2 If replicate size determinations are required, the cor-
responding number of size samples should be provided and

1ISO 4701-1985 (E)

7.2 Sieving separately each increment or
subsample or divided increment or divided
subsample

The advantages of this method are:

— convenience of sieving separately each increment or
subsample or divided increment or divided subsample;

— aligns with mechanical sampling procedures.

The disadvantage of this method is

used indegendently.

6.3 Whdn increments or subsamples are not combined into
one gross [sample, either one final sample for sieving shall be
extracted from each increment or subsample or the complete
increment|or subsample shall be submitted for size analysis.
Only the dombined size analysis of all the increments or sub-
samples is|taken to be representative of the consignment.

7 Mass of sample used for sieving

The final sjeving operation shall be based on one of the follow-
ing procedures:

a) sieying the size sample as a whole;

divided| increment or divided subsample, i.e. _sieving

b) sie‘[ing separately each increment or subsample~or
separately each final sample;

c) dell;vation from the size sample of replicate final
samplef used for sieving;

d) de\]ivation from the size sample of-one final sample used
for sieing.

Each user|should consider the réspective merits of these four
procedurel in relation to the.available equipment and the quan-
tity of sample to be processed. Sample division shall be carried
out in accprdance with)the requirements of ISO 3082 (8.3.2.1
and annex| B) and 1SO 3083 (8.2.4).

— Irtay be onerous I the ¢ase of targe quantities.
7.3 Derivation from the size'sampl¢ of replicate
final samples used for sieving
The advantages of this method' are:

— reduction of sieving effort;

— provision ofychecks for procedural efrors.
The disadvantages of this method are:

— Jower precision due to division errorg;

~ increased effort for sample derivation;

— possibility of introducing bias due to|extra handling.
7.4 Derivation from the size samplé of one final
sample used for sieving
The advantage of this method is:

— minimum of sieving effort.
The disadvantages of this method are:

— no provision for checking procedural errors;

— error of sample division;

— increased effort for sample derivation.

7.5 Procedure for determining the mass used for
sieving

7.1 Sieving the size sample as a whole
The advantages of this method are:

— simplicity of procedure;

— avoidance of errors of sample division.
The disadvantages of this method are:

— it may be onerous in the case of large quantities;

— no possibility exists of checking procedural errors.

7.5.1 The mass to be used for sieving shall be agreed between
the parties concerned and shall be in accordance with ISO 3082
or ISO 3083. For frequent practical cases, the minimum mass
of the divided gross sample for size determination to be ob-
tained by the division method other than the increment division
method is shown in annex G.

7.5.2 The minimum mass to be used for sieving may be
calculated by means of the formula shown in annex F. The level
of precision to be used in the formula shall be agreed between
the parties concerned.

For the formula and worked examples see annex F.
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7.5.3 Typical examples of the minimum mass of the divided
gross sample with associated precisions are given in the table in
annex G.

8 Division of size sample

8.1 General

Recommended procedures for sampling of ores (ISO 3081 and
ISO 3082) will generally provide quantities of material in excess
of the requirements for sieving. If it is undesirable to sieve the
entire mass of sample, division of the following is permissible:

to four samples be carried out by the preferred method of incre-
ment division.

Of the four final samples, two shall be submitted initially for size
analysis. If these size analyses agree within the limit prescribed
below (with reference to the specification size of either aperture
size agreed upon within the limit), the combined size analysis of
the two samples is taken to be representative of the consign-
ment. If they do not agree within the limit prescribed below, a
third final sample shall be sieved. If its size analysis agrees with
one of the first two samples within the limit prescribed below,
the combined size analysis of these two samples is taken to be
representative of the consignment.

a) the size Lample (or gross sample used for size deter-
mination);

b) subsamgles;

c) incremerts;

d) fractions|obtained during sieving.
The total samplg¢ used for sieving shall be not less than the
minimum mass gccording to 7.5. For a specified precision, the
required minimum mass is the same whether the sample used
for sieving is obttined by dividing the size sample or by dividing

increments or [subsamples and combining those divided
increments or sybsamples.

8.2 Method pf division

One or more of the following methods of sample division shall
be conducted inflividually or jointly:

a) incrementt division method (see ISO 3083);

b) division Iy riffle divider (see 1SO 3083);

c) coning and quartering method (see 1S©'3083);

d) division |by mechanical dividing) apparatus (see
ISO 3082);

e) any otheq method of division agreed between contract-
ing parties. IHowever, such“methods should be checked
experimentally for precision and bias in accordance with
ISO 3085 and ISO 3086

8.3 Checkinq of)division procedure

If no two of the three final samples agree within. the prescribed
limits, the fourth sample shall be sieved and-the cdmbined size
analysis of all four samples is taken to be'representative of the
consignment.

In the case of ores with which.it is*possible to atfain the end
point ruling it is recommended.that the prescribed|limit should
be within 2 % with referencé.to the specification $ize or other
aperture sizes agreed upon.

9 Effect of ' moisture content

division~and sieving should be assessed by a method agreed
beforevthe commencement of the size determination pro-
cedure.

The effect of the moisture content of the size samp!: on sample

When the ore is wet or sticky, it is likely that most of the sug-
gested methods of division will be impaired. It may pe desirable
to dry or partially dry the size sample before carnfing out the
sample division.

Surface moisture may adversely affect the flow of ore on a
sieve. Drying of the iron ores in accordance with ¢lause 11 or
wet sieving in accordance with clause 19 will eljminate this
problem.

If there is a change of internal moisture during sieying (i.e. by
absorption of atmospheric moisture under humid gonditions),
cognizance should be taken of the fact that the masses of the
fractions will be affected. Under such circumstarIces reliable
masses can only be obtained by drying the fractions at
105 + 5 °C and cooling under anhydrous conditions.

Some iron ores readily absorb moisture and canngt safely be

The following method is designed to determine the repro-
ducibility of results and is to be applied:

a) when division of the size sample is part of the pro-
cedure;

b) when division is applied at any stage during the sieving
operation.

Four samples for sieving shall be prepared in accordance with
the division procedures set forth in 8.2. In the case where one
sample of selected mass is extracted, e.g. in mechanical
division, it is recommended that the required further reduction

glfowedTo come into equilibrium _with the laboratory
atmosphere. In such cases, these materials must be handled in
such a way as to reduce their time of contact with the
atmosphere to a minimum.

10 Choice of dry or wet sieving

10.1 General

The choice of dry or wet sieving (see 10.2) shall be agreed
between the parties concerned and the same method shall be
used by both. It should be appreciated that the results of dry
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and wet sieving may not be the same. No specific preference is
given in this International Standard for either method.

If a combination of dry and wet sieving is employed for dif-
ferent parts of the same overall size distribution this shall be
agreed between the parties concerned, in which case the
changeover from dry to wet sieving shall be clearly indicated on
the report sheet (see 20.1).

10.2 Factors influencing the choice between dry
and wet sieving

1ISO 4701-1985 (E)

13 Sieve loading for test sieving

13.1 General

The charge to be placed on a sieve depends on
a) the size of sieve aperture;
b) the area of the sieve;

c) the bulk density of the iron ore.

Account sHould be taken of the following factors when making
the choice petween dry and wet sieving.

a) Whpn dry sieving is used the moisture content of the
charge ghall be sufficiently low to ensure that it will not bias,
beyond [the accepted limits, the following:

1) the separation of individual particles of iron ore, for
example by

L causing fine particles to adhere to the larger
ones

- altering adversely the flow of iron ore over the
sleves,

2) the mass of ore particles (even if correctly sized)
separated by the individual sieves.

b) . We} sieving should be used if the ore has a tendency to
cake on| drying.

c) WeJ sieving should be used if there is a tendency for a
significgnt proportion of fine particles to adhere to the larger
lumps.

d) Wet sieving should be used if the fine particles of iron
ore tend to become charged with §tatic electricity during the
sieving pperation and adhere tenaciously to the sieve.

11 Prodedure for\drying iron ore

In cases where itiis_necessary to dry an iron ore, this may be
done either|by drying in air or by the use of drying equipment in
accordancg with 5.6. The maximum setting shall be 105 °C so

Frre—mass—of-ore—that-may betoaded-omto g sieve is limited
merely by the conditions covering the masstp be retained and
by the need to avoid undue degradation.

The mass placed on a given sieve should be siich that the mass
retained after completion of .sieving is not|greater than in-
dicated in annex A. It may be hecessary thgrefore to sieve a
sample in several portions. The results shall he combined.

When using sieves of ‘'shapes and sizes differing from those
specified in annex A) the maximum masses re¢tained should be
modified on thébasis of sieve area.

The masses_recommended in annex A are glso applicable to
nests ofsieves and to mechanical sieving. Thele masses should
be used with the sieve of the largest aperture uppermost in the
nest,/provided that the particle size distributibn of the sample
does not cause excessive mass on any of the finer aperture
sieves in the nest.

13.2 Specific loading of sieves

13.2.1 Apertures larger than or equal to 22,4 mm

In order to obtain good sieving efficiency, the loading of the
sieve shall be such that the maximum mass of|iron ore retained
at the completion of sieving on any sieve having apertures
larger than or equal to 22,4 mm shall be in acgordance with the
following formula:

m = (0,005 + 0,0004 W)o A (kg)
where
W is the sieve aperture size, in millimetres;

A is the area of the sieve, in square metfes;

o—is—the-bulk—density—ef-iron—ore—in—kilegrams per cubic

that the actual temperature shall not exceed 110 °C.

12 Determination of mass

At all stages of operations, the mass of the charge and
products shall be determined using equipment in accordance
with 5.7 and recorded. These operations cover drying, sieving
and division.

The sum of the fractional masses of each operation should not
differ by more than 1 % from the mass of the input to the
operation. In any case, gains or losses shall be reported.

metre;

m is tabulated in annex A against sieve aperture size.

NOTE — The above formula applies only if the percentage open area of
the sieve (partial apertures are regarded as blanked-off area) exceeds
40 %. For percentage open areas of less than 40 %, the values of m
should be reduced pro rata.

The formula is based on the rule that at the completion of siev-
ing, the particles should cover not more than three quarters of
the floor area of the sieve when the particles are spread out as a
single layer. In practice it may be more convenient to use this
visual rule than to calculate m.
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Size sample

|

1. Riffle or coning
and quartering

Division
Division
Division
Division I l | | | | ‘ I | | | l I
l l ‘
al b ¢ de f g hi j k lm n oo p
Size sample 2. Increment
l division
3 b C d
Size sample 3. Mechanical
] division
‘ ’ l _] Reject
3 b C d

Division by riffie-er-coning
and quartering

Figure 2 — Derivation

of the samples used for sieving
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13.2.2 Apertures smaller than 22,4 mm and larger than
or equal to 500 pm

In order to obtain good sieving efficiency, the load on the sieve
shall be such that the maximum mass of ore retained at the
completion of sieving on any sieve in this size range shall be in
accordance with the following formula:

m = 0,007 WoA (kg

m is tabulated in annex A against sieve aperture size.

13.2.3 Apertures smaller than 500 ym

1SO 4701-1985 (E)

The sieving time is mainly influenced by
a) the characteristics of the ore;
b) the volume of the initial charge;
c) the sieving intensity;
d) the nominal aperture size of the sieve.
No exact time can be specified at which the sieving process is

absolutely completed. The end-point has to be based on test
work.

For sieves |n the — 500 um range, the maximum mass to be
loaded on & sieve should not exceed twice the maximum per-
mitted masp of residue given in annex A.

13.2.4 Effect of bulk density

In all caseq the values of m which are given in annex A are
based on an iron ore having a bulk density of 2 300 kg/m3. For
cases where the density of the ore differs from that used in
annex A, it|will be necessary to apply the following ratio to the
values spedified in that annex:

actual bulk density of iron ore (kg/m3)
2 300 kg/m3

Ratio =

14 Maximum particle size permitted on a
sieve

In order to 3void damage to sieves the maximum particle size.in
any charge|should not exceed:

10 wo.7

where W is|the sieve aperture size in mm.

Examples the relationship between maximum particle size
and sieve aperture are given in table 1-(taken from 1ISO 2591).

Table 1 -|{ Maximum particle.size permitted on a sieve

15.2 End-point ruling

Sieving time is dependent on the ‘end-point ruling given in
I1ISO 2591. The method for determining the sigving end-point is
given in annex E.

The examples in table 2'are given as a gengral indication of
times for dry sieving of stable ores.

Table 2 — Examples of sieving times, |using batch
methods, for stable ores

Time, mjn
Sieve'aperture sizes -
mm Hand sieving Mz::\llai:;cal
4 and larger 3 3
-4to1 Variable 5
-1 Variable 20

Application of the end-point ruling may be dinsuitable in the
case of ores which are susceptible to degradation. In such
cases hand placing should be used as faf as practicable.
Beyond this point, fixed time sieving should pe utilized based
upon a time agreed between the interested parties.

Even for non-degrading ores, strict application of the end-point
ruling may be inconvenient and it will be mare practicable to
use arbitrary sieving times based on experienge.

Strict application of the end-point ruling is [generally incon-

15 Sieving time

15.1 General

Sieving cannot produce a perfect separation under normal siev-
ing conditions. A few particles which are smaller than the
nominal size of the sieve aperture tend to remain in the iron ore
retained on the sieve. This is particularly the case for particles
of near aperture size and where fine particles adhere to larger
particles.

Nom'E;LaE; reure App 'ox'm?:r;;: of largest venient for wet sieving in which case fixed time sieving can be
applied. In addition, the sieving operation may|be considered to
PS5 mm 95 mm be complete when the liquid emerging from the underside of
1.2 mm 55 mm the sieve attains a reasonable clarity on visual inspection.
4 /mm 26 mm
1~“mm 10 mm
114
‘45 :ml ‘1’; 2: 16 General principles of sieving

Prior to commencing a size determination, it is necessary to
plan the entire sequence of procedures to be followed. The se-
quence of procedures will depend on

a) the iron ore being evaluated:;

b) the form in which it is received (i.e. as separate in-
crements, subsamples or a combined size sample);

c) the available equipment;

d) the purpose of the analysis.
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A typical decision tree to enable the sequence of procedures to
be formulated is given in figure 3.

Sieving shall be carried out under controlled conditions strictly
in accordance with ISO 2591.

For iron ores subject to considerable degradation, it is essential
that the organizations responsible for the size determination
agree to utilize similar equipment and the same procedure in
order that the results of their analyses are comparable.

For iron ores with pronounced magnetic properties it may be
desirable that the size sample should be demagnetized (see
figure 3).

17 Sieving [procedures for coarse ores (sieve
apertures 11,2 mm and above)

17.1 Genera

Sieving in the +{11,2 mm aperture range may be dry or wet in

accordance with

17.2 Ores on
applicable

The procedure,
operation or in s
ing methods wi
propriate recomr

clause 10.

which the end-point ruling is

which may be performed as one continuous
parate stages, may employ one of the follow-
ich should be in accordance with the ap-
hendations for dry sieving:

a) continuoys sieving (see 5.4);

b) mechanigal batch sieving (see 5.4);

c) hand sie\ing in accordance with ISO 2591;

d) hand pla
size at which
22,4 mm.)

ting on individual sieves{ (Minimum aperture
this method is consideréd to be applicable is

17.3 Ores on|which the\énd-point rule is not

applicable

Similar procedur

s_should be adopted, but agreement should

be reached by thg interested parties in relation to a specific siev-

18 Sieving procedure for fine ores (sieve
apertures less than 11,2 mm)

18.1 General

Dry sieving of fine particles may cause difficulty due to the
tendency of the sieve apertures to blind. Care should be taken
to ensure that throughout the sieving operation, changes in
moisture contents are measured and taken into account.

For accurate dry size analysis of ores of less than 1 mm in size,
it is essential that the iron ore should be free running. In the

uasmosfmmmwrge:l affects this
characteristic. The ore should be appropriately dried, if

necessary to zero moisture.

The effectiveness of dry sieving depends. 6n:
a) the duration of sieving;
b) the force applied tq tap the sieve;

c) the number of tdps applied to the sieve per|minute (fre-
quency);

d) the direction in which the taps are applied
e) the amplitude of shaking;
f). “the inclination of the sieve medium;

g) the state of dryness of the iron ore to be(sieved [see
10.2a)l.

18.2 Ores on which the end-point ruling
applicable

S

18.2.1 Hand sieving and assisted hand sieving

18.2.1.1 -11,2 + 1 mm aperture range
The sieve or the nest of sieves is taken with both hands and
moved to and fro horizontally about 60 times a mjinute at an
amplitude of about 70 mm.

If the material is difficult to sieve, especially in the particle size
range of —4 mm + 1 mm, the to and fro movemer|t should be
interrupted three times a minute by a circular motipn.

ing time selected in accordance with their requirements and
with the characteristics of the ore (see clause 15). It is specially
important in such cases that both parties use stringent pro-
cedures which are identical.

17.4 Wet sieving

See clause 19.

17.5 A combination of wet and dry sieving

See 10.1.

10

A lid and receiver pan should always be used to eliminate dust
losses.

Two alternative methods 1 and 2 are shown in figure 4.
Method 1 is a similar process to sieving with a nest of sieves.
Method 2 shown in figure 4 is a procedure which is rec-
ommended with friable ores.

18.2.1.2 - 1 mm aperture range

In this size range, a nest of sieves together with a lid and
receiver pan should be used. Place the charge on the top sieve
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This example gives one size determination and assumes that all increments and subsamples have been combined to give one

size sample.

Inspect size sample and note its physical features.

Is the iron ore to be dried ?
Is the iron ore to be dry or wet sieved ?

Estimate mass of iron ore.

Is the iron ore subject to considerable degradation dur-
ing handling and sieving operations (clause 16) ?

NO

'

* YES

Choose equipment, sieving times and sieving procedures to

be used (clauses 5, 15, 16, 17 and 18).

Agree with interested parties on equipmgnt, sieving times
and sieving procedures to be used (clauges 5, 15, 16, 17
and 18).

L]

!

Is it desirable to reduee'the mass of iron ore used for sieving (clause 7) ?

NO

YES

Decide what value of the precision of sample division is re-
quired (clause 21). Calculate minimum mdss of iron ore to
be used for sieving (clause 7). Is it requij:fi to check the
division procedure ?

NO YES

Check division procedure (8.3).

Carry out size determination procedure.

Figure 3 — Typical decision tree for selecting size determination procedure

1
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having the largest aperture size. If preferred, sieving can be per-
formed with individual sieves in the manner indicated in
method 1 of figure 4.

The sieve or nest of sieves should be taken into one hand and
tapped approximately 120 times a minute against the other
hand at an inclination of 10° to 20°, the grasped point having
the lower position. After 30 taps the sieve is put into the
horizontal position, turned through 90° and given a hard tap by
hand against the sieve frame. A periodical vertical shake may
also be given.

If particles are difficult to sieve, or when using fine sieves, the

If the iron ore has been dried prior to wet sieving, the sample
should be wetted by mixing with a small quantity of water
before agitating the sieves in order to reduce dust losses.

For manual wet sieving using individual sieves, an alternative
method is to submerge the charge in water during the agitation
of the sieve. In using this method, it is necessary to apply an
adequate end-point ruling and as in the preferred method care
must be taken to ensure that water does not overflow the side
of the sieve.

Method 1 indicated in figure 4 should be used if only a limited
quantity of material is available. The sample may be washed

underside of thg sieve medium may be cleaned gently with a
soft brush in ofder to dislodge any trapped particles. The
resulting dust off particles released below the sieve should be
added to the unflersize material. -

18.2.2 Mechalical sieving

Sieving machines may be used, provided that the results are in
accordance with| 5.4.

18.2.3 Wet sigving

See clause 19.

18.2.4 A combination of dry and wet sieving

See 10.1.

18.3 Ores on which the end-point ruling is not
applicable

Similar procedures should be adopted, but agreement should
be reached by th¢ interested parties in relation to aspecific siev-
ing time selected in accordance with their requirements and
with the characteristics of the iron ore (se€_clause 15). It is
specially important in such cases that both/parties use stringent
procedures which are identical.

19 Additional rules for‘wet sieving of coarse
and fine ore$

19.1 Sieving|procedure

successively through a nest of sieves with the finrst aperture
size at the bottom of the nest. The suspension.which washes
through the coarser sieve should be placed directly|on the next
sieve.

If the sample is sufficiently larg€,\ @ number df individual
charges may be used in accordance‘with method 2|indicated in
figure 4. At completion, the sieves together with the retained
oversize material should be-dried at a suitable low temperature.

19.2 Procedures for determination of mpss of
solids-content washings

The following-procedures are permissible:

a) The charge is dried before and after wet sieving so that
the\loss of ore in the washings (which need |not be col-
lected) can be obtained by difference.

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

c) The charge is sieved in the “‘as-received”’ sfate and the
washings are not collected. Instead, the moisturg content of
the charge needs to be known, and this is obtajned for the
identical sample, using a recognized standard|procedure.
Hence the loss of iron ore in the washings can pe obtained
by difference as in procedure a).

The application of water to the wet-sieving processlis merely to
break up caked particles in the ore and to rinse all the size frac-
tions so as to be free from slimes. Experience showp, however,
that during wet sieving, fine ore particles tend to cghere due to
capillary action of the water on particle surfaces. Fiper ore par-
ticles are thus prevented from passing through sieye apertures

and the sieving operation can therefore not be cons|dered to be
MMp'G&e—wben—the-undedlow-uquid-aaaios-elafiw-Ly visual in-

The general procedural rules applicable to dry sieving (see
clauses 17 and 18) also apply to wet sieving. Any specific fac-
tors which would have a significant effect on the results should
be agreed between the parties concerned.

The water used should be clean, but may have a wetting agent
added if necessary. The sieving procedure should be arranged
so that an entire charge is subjected to a copious flow of water
applied at low velocity. Care must be taken to ensure that the
water does not overflow the side of the sieve. For this purpose,
the accessories included in 5.5 should be used. In the case of
sieves of less than 1 mm aperture size, care should be taken to
avoid damage to the sieve medium by the application of
excessive water pressure.

12

spection. It is thus advisable that wet sieving of fine ore frac-
tions should be followed by dry sieving of the ore fractions.

20 Report sheet and working log

20.1 Report sheet

The format shown in figure 5 is an example.

20.2 Working log

It is recommended that a detailed working log is kept of all
operations and calculation to facilitate checking. (See figure 5.)
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Method 1
-11,2mm

1SO 4701-1985 (E)

Method 2
-11,2 mm

Retaingd x
T - T TN . P Retained x
== - Sieve A a Y PR
~——— Receiver pan - I T ——em— M — x
Retaingd y —_| —
SRRSO Sieve B Retained y
~ ®—— Receiver parh>—3® " > 7 - 3 P-y
M- (x+ y)
Retainkd z s . Retained 2
ieve
\— Receiver pan — g

M — (x + )] + z) = Undersize through

NOTES

sieve C

1 Sieve A hgs the largest aperture size.

2 Replicate ¢harges M, P and R in method 2 are produced by careful sample division.

R — z = Undersize through
sjeve C

Figure 4 — Alternative methods for use of individual sieves for iron ore of — 11,2 mm +1 mm

13
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Data: Reference:
Laboratory Iron ore Consignment
Name BSC Teesside Name abc Supplier xyz

. : Mass of consignment (tonnes) 100 151

it

Operator J. Smith Type I.-laema i e. . . Mass of size simple (kg) 2016
Signature As-received condition (e.g. moisture) 3 % Designation of consignment MV Crusader
Date 27 July 1979 Mean density of iron ore particles 4500 kg/m3 Date of commencement of discharge 23 July 1979

Details of preparation. Bulk gross sample made up of incremental additions, sample division carried out with a precision of 2 %.

Details of method and results

M £ fracti Sieving details
ass of fraction Amount | . . (tick appropriate columns)
of .
Size Cumu- | division | "™ Jolzlz|z|®|s|9|s 0 Detail
range of Total Mass lative from (where. g. § g g. gi' ?,, PR g o: taar::: Notes
fraction | Actuplly in size oversize | previous | 2PPTOP™" | 27| & gle|2|3|2]|& =+ adin
sievpd sample size ate) per g é 2 8, g |s é g s rying
(calculated) fraction batch | @1 =153 3 s @ o
g & 5
mm/um kg kg % % min =
+50mm | 104,3 104,3 52 5,2 1 — ./ / ./ - None | 2 kg piece of
wpod removed
-50 +20| 114,6 110,6 5,5 10,7 1 - ./ ./ ./ None
-20 +10| 6,41 106,8 5,3 16,0 0,060 3 ./ ./ v 600 mm | Airdry | Mpss corrected
square fof 0,2 % loss
of|moisture
-10 +5 | 13,p4 217,3 10,8 26,8 1 3 ./ I/ ./ 600 mm | Airdry | Mpss corrected
square fof 0,3 % loss
of|moisture
-5 +1 0,9p9 515,6 25,6 52,4 0,031 5 Wl Wi 450 mm | Airdry | Mass corrected
diameter fof 0,2 % loss
of|moisture
-1 mm 0,586 5741 28,5 80,9 0,502 20 ./ Wi 300 mm Oven Mass corrected
+200 um diameter dry fof a total 3 %
Iosfs of moisture
—200 um | 0,3%7 382,3 19,0 99,9 1 30 ./ Jo| 300 mm Oven Mlass corrected
(19,1)* (100,0) diameter dry fof a total 3 %
logs of moisture
TOTAL 2011,0 99,9
(100,0)
loss of
3 kg
* 19,1 obtained|by difference.
Figure 5| — Example of suggested format for report of the determination of the size distribution of irén ore

14
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21 Precision

21.1 Overall precision (Sgpy)
The overall precision is made up of the individual precisions of

sampling (Bs), division (8p) and measurement (sieving) (By), as
described by the following equation:

Bsom = VBE + B + B}

or

1SO 4701-1985 (E)

21.3 Precision of measurement (sieving) 8y,

This International Standard has been prepared with the aim of
producing a precision of testing within £2 % (95 % proba-
bility). It is accepted that close observance of the procedures
specified in this International Standard will generally produce
precisions better than 2 %.

21.4 Precision of division S,

The precision of division depends upon the mass of the final
sample to be used for sieving. When working to a defined
overall precision fspy, sampling precision fBg is defined as in

VAE + B

The desired |value of overall precision shall be agreed between
the purchaser and the supplier.

21.2 Pregision of sampling f5

The precisioh of sampling is shown in table 4 of ISO 3081 and
the equivalenpt table of ISO 3082.

Its value deTends upon the mass of the consignment and the
quality variafion characteristic of the material gy, which shall be
determined gccording to ISO 3084.

21.2 and the precision of measurement S\, is|defined in 21.3.
The tolerable level of division precision is‘given by:

By = \//%DM - ﬁ% - Bﬁn

For the minimum mass of the fihal'sample useq for sieving, see
clause 7.

21.5 Check on precision

If it is desired to check any precision, this shou|d be carried out
in accordancewith ISO 3085.

NOTE — It\is not possible to evaluate separately prgcisions of sample
division.and\testing unless it is assumed that one of the precisions is of
negligible.magnitude.

15
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Annex A

Maximum mass of iron ore to be retained on a sieve at completion of batch
sieving (m) in order to obtain good sieving efficiency

(This annex is given for information only.)

For a typical ore of bulk density 2 300 kg/m3. For other densities the retained mass should be changed pro rata.

Sieve ?Pjn“"e 200 mm 300 mm 450 mm 600 mimyk 600 mm
siz dia. sieves dia. sieves dia. sieves squarg sieves
mm kg kg kg Kg

100 34
90,0 3
80,0 31
63,0 1 24
50,0 9,1 20,7
45,0 84 19,0
40,0 7.7 17.4
31,5 2,9 6,4 14,6
25,0 2,4 5,5 13,4
22,4 2,3 5,1 11,6
20,0 2,3 5 11,5
16,0 1,8 4 g
12,5 1.4 3.2 7

g g

11,2 600 1.300 29 8,5
10,0 500 1100 2,6 6
8,0p 400 900 2 4,5
6,3D 350 700 1,6 3,5
5,6D 300 650 14 3.2
4,0p 200 450 1 3,3
2,8 180 400

2,0p 180 400

1,4D 140 300

1,0p 140 300

um

710 140 300

500 110 250

355 90 200

250 80 180

180 70 160

125 60 130
90 45 100
63 40 96
45 35 80

16
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Annex B

Typical batch sieving apparatus

(This annex is given for information only.)

1SO 4701-1985 (E)

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

Z -l — Lid

VA

nw—

;

Y

| Largest aperture
sieve

'?

i

Intermediate

l-ag—— aperture sieve
or sieves

va

va

lava

Smallest aperture
sieve

N

l~-—— Receiving pan

Z va ZZ va

N

Figure 6 — Typical batch sieving apparatus

17
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A schematic diagram of a reliable procedure for wet sieving of fine ores is shown in figure 7. This diagram should be read in conjunc-

tion with 15.2 last paragraph.

Input Determine mass of dried input

' e
=

veull— A
el —— B Wet sieving in a nest of sieves to remove
attached fines and dust
] C
~— D
el — E
— 0,2 mmundersize from E
Orying

)| > ——-

e)

Wet undersize material (superfine o
Dry sieving
(mechanical)
C Settling
E :
Decantation of supernatant water
—-0,2mm
' —~ll}- Drying + mass determination

Reconstruction of final
size distribution

Figure 7 — Suggested wet-sieving procedure for fine ores (- 11,2 mm)

NOTE — If a subsequent size distribution of the total undersize product (superfine ore) is needed, the undersize product should be wet screened until

the water emerging from the underside of the bottom sieve attains absolute clarity on visual inspection.

18
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Annex C

Desirable features of mechanical sieving machines

(This annex is an integral part of this International Standard.)

C.1 Continuous sieving machines

Examples of sieve deck arrangements are given in figures 8, 9, 10 and 11.

(Coarsest A—~B—C—D—Ffinest)

Feed —
N\ ;

D li—

|
U

L \“D
' ' F

E D

M
OV
>

———__ —=A
—_
1 T

Figure 9 — Muiti-deck, one drive

19
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Feed \‘

/
/

/

Il
2/

The motion imparted to the sieving/medium should

a) stratify the ore causing large particles to rise to the top
of the bed apd finesste®move to the bottom;

b) ease the|ore-particles through the apertures of the siev-

Figure 10 — Multi-deck, multi-drive, coarse particles remoyved-first

Figure 11 '— /Multi-deck, multi-drive, fine particles removed first

T
B

C A

it has a forward throw) has the advantage that| the sieving
medium need not be inclined and thus saves headijoom. It may
give greater retention time.

Based on practical experience the amplitude of vibfation rather

than frequency should be increased if the sieve dpertures are
ﬁendmg—!e—bbmd—ap—er—rf—the—sfze-oﬁmt—nj large (say

ing surface;

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

d) move the ore steadily along the sieving surface;

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

Most common continuous sieving machines are of the vibratory
type. The motion in the vertical plane is either circular or linear
(occasionally eliptical). There is no evidence to show that one
type of motion is better than another. Linear motion (provided

20

+ 22,4 mm apertures).

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

C.2 Nest sieving machines
Most of the details regarding continuous sieving machines also

apply to nest sieving machines. A major difference is that
generally ore particles should be made to progress over the
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