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Iron ores — Determination of size distribution by sieving

1 Scope

This Intern
of iron ore,
of mass an
to provide

sale and pt

When this
concerned

controversy.

2 Normative references

The follow

htional Standard specifies the methods to be employed for determination of size distributid
utilizing sieves having aperture sizes of 36 um or larger. The size distribution iscto be expre
d percentage mass, passed or retained on selected sieves. The purpose of this Internation
R basis for any testing of iron ore involving size determination and for use By contracting
rchase of this material.

International Standard is used for comparative purposes, agreement should be reached
parties on selection of the detailed method to be employed in.erder to eliminate sources

ng standards contain provisions which, through reference in this text, constitute proy

Internation

revision, apd parties to agreements based on this_international Standard are encouraged to i
possibility of applying the most recent editions of the standards indicated below. Members of IEC and
registers ofl currently valid International Standards:

ISO 565:1990, Test sieves — Metal wire ¢cloth, perforated metal plate and electroformed sheet — No

openings.

ISO 2591-1:1988, Test sieving —Part 1: Methods using test sieves of woven wire cloth and perforated

ISO 3082:

ISO 3085:

ISO 3086:

ISO 3087:

| Standard. At the time of publication, the -editions indicated were valid. All standards

998, Iron ores —(Sampling and sample preparation procedures.
996, Iron oreS.— Experimental methods for checking the precision of sampling.
998, lrerrores — Experimental methods for checking the bias of sampling.

998, ‘Iron ores — Determination of moisture content of a lot.

ns by sieving
ssed in terms
al Standard is
parties in the

between the
bf subsequent

isions of this
hre subject to
vestigate the
ISO maintain

minal sizes of

| metal plate.

ISO 3310-1:—1), Test sieves — Requirements and tests — Part 1: Metal wire cloth sieves.

ISO 3310-2:—32), Test sieves —Requirements and tests — Part 2: Perforated metal plate sieves.

ISO 11323:

1996, Iron ores — Vocabulary.

1) To be published. (Revision of ISO 3310-1:1990)
2) To be published. (Revision of ISO 3310-2:1990)
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3 Definitions

For the purpose of this International Standard, the definitions given in ISO 11323 apply.

4 Principles and planning

4.1 General

©1SO

Before a particle size determination is carried out, it is necessary to plan the entire sequence of procedures to be

followed. In spme-eases-agreementbetweenpartieswillbeneeessay——————————————————— —

This sequenc

a) the purpg
b) the props
c) theform
d) the appal
A typical dec
figure 1.

Sieving of irof

4.2 Purpose
The principal
a) Tomeas
The choice @
necessity for
constraints. S
b) Togene

The choice (
constraints.

b of procedures will depend on:

se of the size analysis;

rties of the iron ore to be evaluated;

n which the iron ore is received, e.g. gross sample, increments or partia-samples;
atus available.

sion tree to determine the sequence of procedures necessary to perform size analysis i

ores shall be carried out in accordance with ISO 2591-1.

 of the analysis

burposes of particle size determination-are as follows.

Ire the mass and percentage mass of an ore passing or retained on one or more specificat
f sieve aperture sizes shall)be determined by the specification size(s) required togeth
introducing intermediate._aperture sizes to satisfy the maximum particle size and sig
pe 4.6 and 4.7.

ate an overall size_distribution curve.

f sieve apertures will depend on the resolution required and the need to satisfy siqg

s shown in

on sieves.

er with the
ve loading

ve loading

4.3 Propert

es-of ore to be evaluated

4.3.1 Effect of moisture content

The effect of the moisture content of the size sample on sample division and sieving should be assessed before the
commencement of the size determination procedure.

It may be desirable to dry or partially dry the size sample before carrying out sample division or sieving. Drying of
iron ores in accordance with 7.1, or wet sieving in accordance with 7.4.5 may result in changes of internal moisture
which may affect the masses of size fractions. Under such circumstances reliable masses can only be obtained by
drying the fractions at 105 °C and cooling under anhydrous conditions. Some iron ores readily absorb moisture and
should not safely be allowed to come into equilibrium with laboratory atmospheres. These ores shall be handled in
such a way as to reduce to a minimum the duration of their contact with the atmosphere.
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4.3.2 Friable ores

For iron ores subject to significant degradation during the size analysis sequence it is essential that any mechanical
sizing procedure be checked for bias against hand placing and sieving in accordance with the procedure given in
ISO 3086 (see 5.2).

4.3.3 Magnetic ores

For iron ores with pronounced magnetic properties it may be desirable that the size sample be demagnetized.

4.4 Natur
The samplé¢

The proceg

requiremer
If it is unde
a) thesiz
b) partial
c) increm
d) fractio

£ [
Ul odllTipyIc
e may be received in the form of a complete size sample, several partial samples or incremsg

ures for sampling of iron ores (ISO 3082) will generally provide quantities of taterial in
ts for sieving.

Sirable to sieve the entire mass, division of the following is permissible;
e sample;

samples;

ents;

NS obtained during sieving.

Methods g@verning the division and the mass of sample tobe sieved are provided in clause 6.

4.5 Choig

451 The
Standard fq

452 The
of attaining

453 Ifa
the change

454 The

e of wet or dry sieving

results of dry and wet sieving_may not be the same. No specific preference is given in thi
r either method.

choice of dry or wet sieving (see 4.5.4) for each part of a size determination shall be mad
the defined precision of testing (see 11.1). Details on procedure shall be recorded in the w

combinationof dry and wet sieving is employed for different parts of the same overall siz
over fronindry to wet sieving shall be clearly indicated on the report sheet (see clause 10).

fallewing factors should be taken into account when making the choice between dry and wg

ents.

excess of the

5 International
b on the basis
brking log.

e distribution,

bt sieving:

a)

beyond acceptable limits.

b)

1)

Wet sieving should be used:

has a tendency to cake on drying;

2)

and adhere tenaciously to the sieve.

For dry sieving, the moisture content of the charge shall be sufficiently low so as not to introduce any bias

if there is a tendency for a significant proportion of fine particles to adhere to the larger lumps, or if the ore

if the fine particles of iron ore tend to become charged with static electricity during the sieving operation
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4.6 Maximum particle size permitted on a sieve

To avoid damage to sieves, the maximum particle size in any charge shall not exceed:
10 wo.7

where W is the sieve aperture size, in millimetres.

Examples of the relationship between maximum particle size and sieve aperture size are given in table 1.

Table 1 — Maximum patrticle size permitted on a sieve

Sieveaperture size APPToXiTTate Size of
W largest particle
25 mm 95 mm
11,2 mm 55 mm
4 mm 26 mm
1 mm 10 mm
250 pm 3,8 mm
45 um 1,2 mm
36 pm 1,00mm

4.7 Specifigd loading of sieves
4.7.1 Genergl
The loading of a sieve or nest of sieves or continuous sieving machine shall be limited as prescribed belgw.
4.7.2 Batch gieving with a single sieve or nest of sieves

The mass of pre that may be loaded on to any sieve is limited by the conditions covering the mass to pe retained
and by the neged to avoid undue degradation.\lit may be necessary to sieve a sample in several portions. [The results
shall be comfgined. The maximum mass_fetained shall not exceed the values tabulated in annex A or as [determined
in4.7.2.1 or 47.2.2.

The maximum loading is defined.as that corresponding to the maximum mass retained but shall not exceed twice
the maximum|mass retained.

4.7.2.1 For apertures larger than or equal to 500  pm

The loading of the sieve shall be such that the maximum mass of iron ore retained on any sieve at the cdmpletion of
sieving shall e inlfaccordance with formulae a) and b) below or the visual rule c).

a) AperturesTarger than ZZ,2mm
m= (0,005 + 0,000 4W)p A

b) For apertures less than 22,4 mm and larger than or equal to 500 pm

m= 0,000 7WpA

where
m is the maximum mass to be retained on sieve, in kilograms;
W s the sieve aperture size, in millimetres;
p is the bulk density of iron ore, in kilograms per cubic metre;
A is the area of the sieve, in square metres.
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The formulae apply only if the open area of the sieve (incomplete apertures are regarded as blanked-off area)
exceeds 40 %. For open areas of less than 40 %, the values of m shall be reduced pro rata.

c) Alternatively the following visual rule may be applied.

On completion of sieving, the particles spread out as a single layer shall cover not more than three-quarters of the
floor area of the sieve.

4722 Ap

ertures smaller than 500 pm

For sieves in the —500 pum range, the maximum mass to be loaded on a sieve shall not exceed twice the maximum
permitted mass of residue given in annex A.

4.7.3 Load

ing of continuous sieving machines

In the cas¢ of continuous sieving machines, the rate of feed shall be constant and so adjusted that during the

sieving ope

ration, a maximum of 50 % of any sieve area is covered by the material.

4.8 Sieving time

48.1 Gen

The practic

bral

able sieving time is mainly influenced by:

a) the characteristics of the ore;

b) thevo
c) thesie
d) theno
e) theac
No exact ti

on strict ap
such caseg

Examples i

ume of the initial charge;

ving intensity;

minal aperture size of the sieve;

Ceptable limits of accuracy.

me can be defined at which aysieving process is completed. Where possible sieving time g
plication of the end point(ruling. However, strict application of the end point ruling may be

hand placing or fixed time sieving based on experience may be agreed.

h table 2 are given as a general indication of times for dry batch sieving of stable iron ores.

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

hall be based
mpractical. In

Time by Time by
SIEVE aperiure size hand sieving mechanical sieving
mm min min
4 and larger 3 3
—4t01 variable 5
-1 variable 20

4.8.2 End point ruling

The method for determining the sieving end point in accordance with ISO 2591-1 is given in 7.6.
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4.8.3 Retention time for continuous sieving machines
Retention time depends on the material feed rate and the rates at which particles pass through the sieves and move

forward across the surface of the sieving media. It depends on the type of machine, the inclination of the sieve
media and the nature of the ore being sieved.

The procedure parameters must be optimized to minimize material degradation and maximize sieving efficiency in
order to satisfy the requirements defined in 5.2.

5 Apparatus

5.1 Sieve media
5.1.1 Shape [of aperture

The sieve meflia shall have square apertures in accordance with ISO 565.

5.1.2 Size of|aperture

The nominal $ize of aperture to be utilized shall be selected from the R 20 and,R40/3 series given in ISO 565 (see
annex D).

5.1.3 Constriction of sieve media
The sieve mefia shall be in accordance with ISO 3310-1 or ISO 3310-2 and the requirements of a) — d) Helow.
a) For aperture sizes of 4 mm or smaller, woven wire shalNge used.

b) For aperfure sizes greater than 4 mm and up to and including 16 mm, either woven wire or perfqrated plate
shall be ysed (see also d) below).

c) For all siges above 16 mm perforated plate is preferred; woven wire may be used but it should be |recognized
that the tplerances on aperture size isWider than those for perforated plate.

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

5.1.4 Sieve frames for hand or nest sieving

Test sieves (sed for.hand or mechanical nest sieving shall have frames in accordance with 1SO 3310-1 and
ISO 3310-2. Frames_may be either round or rectangular. Typical nest sieving apparatus is shown in anngx E.

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 hand placing or hand
sieving. Sieving machines shall be tested for bias in accordance with the procedures given in ISO 3086 and will be
acceptable if no significant bias is proven.

It may be necessary for an operator to keep the sieve media unblocked (see annex F).
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5.3 Accessories for wet sieving

When wet sieving is carried out, in addition to the apparatus mentioned above it is necessary to have available a
controllable supply of water, a spray nozzle and, where appropriate, a collecting tank. A simple arrangement is
shown in figure 2. When wet sieving on sieves having apertures of less than 125 um it is preferable that:

the sieve be constructed of stainless steel;

pically consist of a sieve medium having 2 mm square apertures;

the backing be made so that the particles cannot get trapped between two sieve media;

a)
b)
may ty
c)
d)
5.4 Dryin

Any form of ventilated equipment is acceptable for drying, provided that it be fitted \with a tempe

apparatus
shall be so

It is recom
effect on th

5.5 Equig
Each devic

of accuracy
*+0,1% or

6 Sampl
6.1 Deriv,

6.1.1 The
of a compo

6.1.2 The
in any way

6.1.3 For

the Wa][er pressure be adjusted as gently as possible in order to avoid damage to the sieve media

[ equipment

capable of regulating the temperature in the equipment to within + 5 °€ ef'the desired ten

mended that the parties concerned with the iron ore use the same drying procedure in
e size determination be similar.

ment for the determination of mass

e for the determination of mass shall have a sensitivity of at least 0,1 % of its rated capac
such that the mass of the test sample and ;of’each size fraction may be determined to
better of the test sample mass.

D

S
ation of size sample

size sample shall have_been taken in accordance with the specifications of ISO 3082 and
Site size sample, partial samples or increments.

sample shallkkbe*composed of ore which has not been used previously for other tests or pu
modify the.mass and the particle size distribution.

eplicate size determinations the corresponding number of size samples shall be provided.

6.1.4 Incr

pments or partial samples may be combined into a single size sample or into new partial sa

the medium have a backing to prevent possible sagging and distortion caused by water pressure; this backing

rature control
nperature and
designed as to maintain this temperature. Loss of dust from the equipment shall be avoided.

brder that the

ty and a level
A precision of

be in the form

rposes which

mples.

6.1.5 Where it is not required to sieve the total mass, one or more test samples for sieving shall be extracted from
the size sample, or from each increment or partial sample by division. (See 6.2.)

6.1.6 Only the combined size analysis of all the increments or partial samples shall be representative of the lot.

6.2 Divisi

on and derivation of test sample(s) for sieving

6.2.1 Mass of the test samples

The mass of the test samples used for sieving shall be equal to or greater than the minimum mass defined in 6.2.2.
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6.2.2 Minimum mass
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For a specified precision of division and measurement (see clause 11) the required minimum mass is the same
whether the test sample used for sieving is obtained by dividing the size sample or by dividing increments or partial
samples and combining those divided increments or partial samples.

The minimum mass to be used for sieving depends on the required precision of division and measurement (3,,, and
shall be calculated by means of the formula shown in annex B. The level of precision f3,, to be used shall be
determined so that the overall precision specified in table 1 of ISO 3082:1998 shall be met.

7 Procedures

7.1 Procedxllre for drying iron ore

Iron ores sha
setting shall b

| be dried in air or by the use of drying equipment in accordance with 5.4. The maximum t
e 105 °C so that the actual temperature shall not exceed 110 °C.

7.2 Proceduire for division

One or more
each method

a) mechanig
b) other me

<)

manual d

bf the following methods of sample division shall be conducted individually or jointly; the ap
for division of the particular ore shall be determined by referenceto ISO 3082:

al increment division;
Chanical division methods (e.g., mechanically charged fiffle divider);

ivision.

7.3 Procedure for the preparation and maintenance of sieves for test or nest sieving

The preparati
sieve mediumn

bn of sieves shall be carried out in accoerdance with the specifications of ISO 2591-1. Befor
and frame shall be degreased and:cleaned. The cleaning of a sieve shall be carried ou

care so that the sieve medium is not damaged. For sieves with apertures equal to or greater than 500 p

shall be undq
apertures of |
sieve media.
to wash fine
shall be dried

rtaken by the application of<«a\soft brass wire brush to the underside of the sieve. For

bss than 500 um, ultrasonic.cleaning is the preferred method. Cleaning shall not entail bru
he frame should be tapped gently to assist in freeing trapped particles. At times it may bg
Bieves in a warm soft'seap and water solution. After washing or after ultrasonic cleaning
thoroughly.

7.4 Procedures for sieving

7.4.1 Generd

The procedur

b shall'employ one or more of the following methods:

Pmperature

blicability of

b use, each
with great
m, cleaning
sieves with
bhing of the
necessary
the sieves

a)
b)
<)
d)

e)

hand placing on individual sieves (minimum aperture size is 22,4 mm);
hand sieving and assisted hand sieving;

mechanical batch sieving;

wet sieving;

continuous machine sieving.

7.4.2 Hand placing on individual sieves

The minimum

aperture size at which this method is considered to be applicable is 22,4 mm.
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c)
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shake the sieve by hand until separation seems complete.

Check the iron ore particles remaining on the sieve one by one in all orientations without applying force.
Particles which pass through the sieve openings are included in the passing fraction.

Weigh

the separated size fractions individually.

7.4.3 Hand sieving and assisted hand sieving in the —22,4mm +1 mm range

This procedure is applicable using a single sieve or nest of sieves.

a)
b)

c)

d)

e)

Assemble the nest of sieves with the largest aperture at the top.

Place

Take t

he charge on the sieve with the largest aperture.

e sieve or nest of sieves in both hands and move to and fro horizontally about 60'times 3

amplityide of about 70 mm. If the ore is difficult to sieve, especially in the size fractions, ~ 4 mm

and frg
may b

Sievin
7.6.

Weigh

movement should be interrupted three times per minute by a circular motigh’, A periodic
p given.

j is terminated either on satisfying the end point rule or at completion, of.d fixed sieving time

the separated particle size fractions individually.

Examples ¢f alternative methods for use of individual sieves are givetyin figure 3.

7.4.4 Han
This proce
together wi
a) Assem
b) Place
c) Taket
at an i
horizo
may b
shall b
releas
d) Termin
e) Weigh

| sieving and assisted hand sieving in the — 1 mm'range

th a lid and receiver pan shall be used.

ble the nest of sieves with the largest apéerture at the top and attach the receiver pan.

he charge on the sieve with the largest aperture and fit the lid.

ne sieve or nest of sieves_ i one hand and tap approximately 120 times a minute against t
nclination of 10 ° to 20 °j)with the grasped point tilted downwards. After 30 taps put the
htal position, turned 90_°)and give a hard tap by hand against the sieve frame. A periodic
b given. If the particles’are difficult to sieve or when using fine sieves, the underside of the
e cleaned gently\with a soft brush in order to loosen trapped particles. The resulting du
bd below the sjeve are added to the undersize material.

ate sieving/either on satisfying the end point rule or at completion of fixed sieving time. Seg

the 'separated particle size fractions individually.

| minute at an
+ 1 mm the to
vertical shake

. See 4.8 and

Hure is applicable using a single sieve or nestcof sieves. In this size range, a sieve or mest of sieves

he other hand
sieve into the
vertical shake
sieve medium
5t or particles

7.6.

7.4.5 Mechanical batch sieving

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

a)
b)
c)

d)

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

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

Attach

the nest of sieves to the mechanical shaker.

Terminate sieving either on satisfying the end point rule or at completion of fixed sieving time. See 7.6.
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e) Weigh the separated particle size fractions individually.
7.4.6 Procedures for wet sieving of coarse and fine ores

The general procedural rules applicable to dry sieving (see 7.4.2 to 7.4.5) also apply to wet sieving.

©1SO

Arrange the sieving system so that an entire charge is subjected to a copious flow of clean water. Apply the water at
low velocity and also low pressure. Take care that water does not overflow the side of the sieve. Take care to avoid
damage to the sieve medium or cause degradation by the application of excessive water pressure. If the iron ore
has been dried prior to wet sieving, wet the sample by mixing with a small quantity of water before agitating the
sieves in order to reduce dust losses.

" during the
d as in the

Method 1 deqgcribed in figure 3 shall be used if only a limited quantity of material is availables The sample may be

washed successively through a nest of sieves with the finest aperture size at the bottom of the| nest. The

suspension which washes through the coarser sieve shall be placed directly on the/next sieve. If thg sample is

large, a numbler of individual charges may be used in accordance with method 2 indicated in figure 3. At pompletion,

dry the sieved together with the retained oversize material under the same conditions‘as those specified in 7.1.

A schematic diagram of a reliable procedure for wet sieving of fine ores is shewn in figure 4.

7.4.7 Continlous machine sieving

Due to the djversity of type and configuration of continuous sieving machines, no specific procedutal guide is

provided in the standard. It is recommended that the manufacturét's instructions be strictly adhered to.

7.5 Determination of mass

7.5.1 Generdl

At all stages ¢f operation, the mass of the chargé and products shall be determined using equipment in accordance

with 5.5 and then recorded. These operations cover drying, sieving and division.

7.5.2 Wet sigving — determination of mass of solids-content in washings

The following[procedures are permissible:

a) The charge is dried beforeZand after wet sieving so that the loss of ore in the washings (which need not be
collected) can be obtained’by difference.

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

c) The chailge_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 loss of
iron ore in the washings can be obtained by weight difference as in procedure a).

7.6 Procedures for determining sieving end point

7.6.1 Procedure when using a nest of sieves

a) Position the specification sieve immediately above the pan; add larger aperture size sieves as required then fit
the lid. If there is no specification sieve the end point ruling shall be applied to the sieve having the smallest
aperture size.

b) Place the charge on the top sieve of the nest of test sieves and sieve for 1 min.

10
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pt an arbitrary

5ing the sieve
performed at
with a nest of

g the product

ation sieve, in

e for all sieve
t an arbitrary

be carried out
y of checking

¢) Remove the iron ore which passes into the pan and determine its mass. In the case of wet sieving, dewater
and dry the product before weighing.

d) Replace the empty receiver pan and continue the sieving operation for a second one-minute period.

e) Determine the mass of the ore which passes into the pan during the second one-minute interval.

f) Repeat this sequence of sieving for one minute and determine its mass of undersize until the quantity of
material passing the specification sieve in any one minute is less than 0,1 % of the mass of the charge or until
the collective sieving time reaches 30 min.

g) Adopt the duration of sieving to reach the end point for the specification sieve as the sieving time for all of the
sieve gizefractionsof theorebeing-tested—famrendpoint s ot reached-withim36mim,thermado
sieving time.

7.6.2 Progedure for using a sequence of individual sieves

a) Use an individual sieve with a receiver pan and lid.

b) Place [he charge on the sieve with the largest aperture size, and sieve for min. The ore pas
constitutes the charge for the test sieve with the next smallest aperture size.\Sieving for 1 min i
succegsively smaller sieve aperture sizes down to the specification sieve, thus simulating sieving
sieves

c) Remoye the ore which passes into the pan and determine its tnass. In the case of wet sievin
should first be dewatered and dried.

d) Continpe this "sieve to sieve" sequence of operation until*the quantity of ore passing the specific
1 min is less than 0,1 % of the charge or until the collective sieving time reaches 30 min.

e) Adopt [the duration of sieving to reach the end point for the specification sieve as the sieving tim
size frpctions of the ore being tested. If an.end point is not reached within 30 min, then adoq
sieving time.

8 Verification

8.1 General

Regular checking of apparatus and procedures is essential to verify the test results. Checks shall

prior to thelcommencement+of a routine size analysis and at regular intervals thereafter. The frequeng

is a matter|for each Jaboratory to determine. A detailed record of all verification activities must be m

reference t

8.2 Chec

D same _be.made in each test report.

King “of division

hintained, and

The precision of any division procedures adopted during sieve size analysis shall be determined and evaluated in
accordance with 6.2 and 7 of ISO 3085:1996. More frequent checks shall be carried out on the critical parameters

associated

with the adopted division method.

8.3 Verification of sieve media

The accuracy of the sieve medium shall be verified initially, verification shall be repeated regularly and a record card
shall be kept for each sieve. Verification may be made by the procedures given in ISO 3310-1 or ISO 3310-2.
Another method is to compare the performance of a sieve with that of a reference sieve, using a sample material
similar to the one for which the sieve is to be used. When a sieve medium no longer complies with the tolerances
specified in ISO 3310-1 or ISO 3310-2, the marking on the label shall be cancelled and the sieve discarded.

11
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8.4 Verification of sieving machines

©1SO

The machine sieving operation shall be verified initially as is described in 5.2 and shall be checked again at agreed
intervals. More frequent checks shall be carried out of machines' operating parameters such as vibrating frequency,
amplitude and direction.

8.5 Verification of weighing devices

All weighing devices shall be checked at agreed intervals using procedures appropriate to the device.

9 Results

9.1 Evaluat

The sum of th
sieving from t

9.2 Calcula

9.2.1 The pqg
with 9.2.2 ang

9.2.2 When
sample, calcu

% (size f

9.2.3 When
each fraction

on of results

e fractional masses of each operation shall not differ by more than 1 % for dry,sieving and
ne mass of the input to the operation. All gains or losses shall be recorded inlthe test report

ion and expression of results

9.2.3.

he size analysis is based on sieving a composite size sample or a test sample derived fr
ate the percentage of each size fraction to the nearestfirst decimal place as follows:

Mass of size fraction

action) =100 x
Mass of test sample

the size analysis is based on sieving séveral partial samples or increments then add the
hnd each sample and calculate the result as in 9.2.2.

9.3 Repeatability and acceptance of results

9.3.1 Where
accordance w

9.3.2 Four te
case where ¢
required furth

9.3.3 Of the

division forms part of the size analysis procedure, the following assessment shall be
ith annex C.

st portions for, 'sieving shall be prepared in accordance with the division procedures ado
ne samplecafiselected mass is extracted, e.g. in mechanical division, it is recommend
br division to'four test samples be carried out by the preferred method of division.

fouritest samples, two shall be submitted initially for size analysis. If the resulting size ana

within the limi

| rprescribed in 9.3.8 (with reference to the specification size or other key aperture size), t

3 % for wet

rcentage size fraction content of each of the size ranges of the.lot shall be calculated in accordance

bm the size

masses of

adopted in

bted. In the
ed that the

yses agree

he mean of

the size analy

9.3.4

sis of the two samples is taken to be representative of the lot.

If the two size analyses do not agree within the limit r prescribed below and agree within the limit 1,2r, a third

test sample shall be sieved. If the range of these three size analyses agrees within the limit 1,2r, the mean of the
size analysis of the three samples is taken to be representative of the lot.

NOTE
be sieved in ac

9.3.5

cordance with 9.3.5.

If the two size analyses do not agree within the limit r prescribed below, the third and the fourth test samples may

If the range of these three size analyses do not agree within the limit 1,2r, the fourth test sample shall be

sieved, or if the first two size analyses do not agree within the limit 1,2r, the third and the fourth test samples shall

be sieved.

12
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taken to be representative of the lot.

taken to be representative of the lot.

If the range of these four size analyses agrees within the limit 1,3r, the mean of the size analyses of all four

If the range of these four size analyses do not agree within the limit 1,3r, the median of these four size

9.3.8 The value of r shall be 2 % absolute, with reference to the specification size or other designated aperture

sizes.4

10 Test report and working log

The test re
Iltems to be
a)
b)
c)
d)
e)
f)
)

name
identity
date o
identity
details
details|

testre

The format

11 Preci
11.1 Ove|

This Intern
in ISO 308

11.2 Preq

It is not prg
the combin
sample use

port shall include a detailed working log of all operations and calculations to facilitate checki
included are

hnd address of the testing laboratory;
of test operative;

testing;

, condition and form of sample;

of preparation;

of procedure;

Gults with important observations.

shown in figure 5 is an example.

5ion
Fall precision  Bspm

htional Standard has been prepared with the aim of satisfying the overall precision require
b

ision of division.and measurement 3,
ctically possible-to separate and evaluate the precision of division and measurement. The
ed precisien” of division and measurement, (3., obtained depends upon the type of ore
d for sieving. See clause 6.

ments defined

magnitude of
and mass of

13


https://standardsiso.com/api/?name=ed87283c4894d53bb7c77a561381906b

ISO 4701:1999(E)

14

| Inspect size sample and note its physical features

Is the iron fto be dried?

Is the iron ore fo be dry or wet sieved?
Is the iron ore to be demagnetized?
Does the ore degrade on handing?

| Estimate mass of iron ore (M Total) |

| Determine [3py required (IS0 3082) |

| Deftermine minimum mass for sieving (clause 6.2.2) |

M Total » Minimum mass

Divide?

Repeatability afd\aCceptance
procedure reguired (clause 9.3)

Choose equipment, sieving fime$ and sieving
procedures fo be used (clause &)

Carry out sizexdetermination procedure

Figure 1 — Typical decision tree for selecting size determination procedure

©1SO
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Key

1 Spray nogzle
2 Pressurd gauge
3 Regulating valve

4~\Water supply from reservoir tank
5."Sieve
6 Collecting tank

Figure 2 — A simple arrangement of wet sieving apparatus
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Method 1 Method 2
—11,2 mm —11,2 mm

Retaing Retained i
1 ' Sieve A
. T Receiverpan——} e M — x
Retaing . l _ — Retained
N «————— Sieve B o en T i & e pep i o
L\ Receiver pan —— % _
—_ ceplete oA ettt ] P—y
M — (x H
Retaingd z —__| Retained
= T Sieve C
e ) Receiver pan —] R ISTAE
M — (x+y4z) = Undersize through si¢ve,C R — z = Undersize through sieve C
NOTE
1 Sieve A hasthe largestaperture size.
2 Replicate chprges M~P.and R in method 2 are produced by careful sample division.
Figurg 3= Alternative methods for use of individual sieves for iron ore of —112mm + 1 m

16


https://standardsiso.com/api/?name=ed87283c4894d53bb7c77a561381906b

ISO 4701:1999(E)

arity on visual
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Input Determine mass of dried input
/— Water
B Wet sieving in a nest of sieves fo
remove aftached fines and dust
-0,2 mm undersize fromE
Drying
A Wet urdersize material (superfine ore)
B Dry sieving
(mechapical)
C Settling
E Decantation of supernatant water
-0,2mm
Drying and mass determination
Reconstruction of final
size distribution
NOTE I{ a subsequent size distribution of the total undersize product (superfine ore) is needed, the unglersize product
should be wet sieved until the water emerging from the underside of the bottom sieve attains absolute c
inspection.

Figure 4 — Suggested wet sieving procedure for fine ores ( — 11,2 mm)
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Data: Référence:
Laboratory Iron ore Lot
Name BSC Teesside Name abc Supplier xyz
. . Mass of lot (tonnes) 100 151
Operator J Smith Type Haematite Mass of size sample (kg) 2016
Signature As received condition (e.g. moisture) 3 % Designation of lot MV Crusader
Date 27 July 1979 Mean density of iron ore particles 4 500 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
Mass of fraction Sieving details (tick appropriate columns)
Size Actually Total Mass Cumu- | Amount Sigving Con- Me- Hand Hand Perfo- | Woven Dry Wet Sieve Details of Notes
range sieved in size lative _ f’f_ time tinuous | chan- batch | placing | rated wire sieving | sieving frame any
of sample oversize | division | (where ical plate size drying
fraction (cal- from appro- batch
[lated) previous | priate)
size per
fraction batch
mm/um kg kg % % min
+50 mm 104,3 104,3 5,2 52 1 — A J A —- None 2 kg piece of
wood
removed
-50+20 110,6 110,6 55 10,7 1 — J A A None
—20+10 6,41 106,8 53 16,0 0,060 3 A A A 600 mm Air dry Mass
square corrected
for 0,2 %
loss of
moisture
-10+5 13,04 217,3 10,8 26,8 1 3 A J J 600 mm Air dry Mass
square corrected
for 0,3 %
loss of
moisture
—5+1 0,959 515,6 25,6 52,4 0,031 5 J J A 450 mm Air dry Mass
diameter corrected
for 0,2 %
loss of
moisture
imm | 0536 [ 741 28,5 80,9 0,502 20 1 1 v 300mm | Ovend Mass
+200 diameter corrected
um for a total
3 % loss
of moisture
—200 0,357 382,3 19,0 99,9
um 9, | (1000)
Total 011,0 99,9
(100,0)
oss of
3kg
2 19,1 obtained by plifference.
Figure 5 — Example-0f suggested format for report of the determination of the size distribution of iron ofe

18
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Maximum mass of iron ore to be retained on a sieve at completion of batch

sieving ( m) in order to obtain good sieving efficiency

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

Maximum mass of iron ore to be retained on sieve at completion of sieving
Sieve apelture size 200 mm dia. sieves 300 mm dia sieves 450 mm dia sieves 600 mm x 600 mm
squpre sieves
mm kg kg kg kg
100} 38
90,0 34
80,0 31
63,0 1 25
50,0 9,1 20,7
450 8,4 19,0
40,0 7,7 17,4
315 2,9 6,4 14,6
25,0 2,4 55 12,4
22,4 2,3 5,1 11,6
20,0 2,3 5 11,5
16,0 1,8 4 9
12,5 1.4 3,2 7
g g

11,2 600 1300 2,9 6,5
10,0 500 1100 2,6 6
8,00 400 900 2 4,5
6,30 350 700 1,6 3,5
5,60 300 650 1,4 3,2
400 200 450 1 2,3
2,80 180 400

2,00 180 400

1,40 140 300

1,00 140 300

wm

710 140 300

500 110 250
345 90 200
250 80 180

140 70 160

125 60 130

90 45 100

63 40 90

45 35 80

36 30 70

19
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Annex B
(normative)

Procedure for determining the minimum mass of sample used for sieving

B.1 Formulae

©1SO

When the sine sample is (or its constituent increments or sub-samples are) to be divided, the minimuriny

ore which is fi

__ k|
Bew

where
m is th
B., isth
p isth

The constant
and may be d

k=2,5x
where

P isth

d isth

| isth

It is suggeste

hally sieved may be determined from equation (B.1).

o

. x

5000

e mass to be sieved, in kilograms;
e required precision of sample preparation as a percentage;
e mean density of the iron ore particles, in kilograms per cubic metre.

k is the characteristic of the type of ore, the specification size and percentage in the specif
etermined from equation (B.2).

107° P(100 - P d3(1/ 9%

e percentage of the specification size (see table B.1, below);
e nominal top size of the, size sample, in millimetres (see 5.4 of ISO 11323:1996);
e specification sieve'size, in millimetres (see a) and b), below).

| that for practical use of equation (B.2), the following values of P given in table B.1 are ado

Table B.1 — Values of P

hass of iron

... (B.1)

jcation size

... (B.2)

pted.

20

% of specification size P P(100—P)
0 to 4,9 5 475
5,0 to 9,9 10 900

10,0 to 14,9 15 1275

15,0 to 19,9 20 1 600

10,0 to 24,9 25 1875

25,0 to 29,9 30 2100

30,0 to 34,9 35 2275

35,0 to 40,0 40 2 400
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Where the specification size is a cumulative % "less than" or "greater than" value, this value shall be the value used
for | in equation (B.2).

Where the specification size is defined by two sieve aperture sizes then:

a) if the specification size lies in the coarse fraction, the smaller of the two sieve sizes shall be used for | in
equation (B.2);

b) if the specification size lies in the fine fraction, the larger of the two sieve sizes shall be used for | in equation

(B.2).

In the case of fine ores (— 6,3 mm), practical experience has indicated that the minimum mass of sample used for
sieving shall be not less than 50 g and this value shall be used whenever the mass indicated by the equation is
smaller.

B.2 Examples of calculation of the minimum mass of sample used for sieving

EXAMPLE 1
Matgrial type sinter feed — 10 mm
Spegification size + 6,3 mm

Approximate % of specification size in sample 8 %
Meah density of the iron ore particles 4 800 kg/m®
Desifed 3., 2%

Probjlem: determine the minimum mass to be used fer-sieving.

1) Determination of |: the specification size is given as 6,3 mm. By definition (see above), the Jalue of | shall
be 6,3 mm.

2) Determination of P and P(100—P):the approximate value of P is given as 8 %, according tg table B.1 the
vglue to be assumed shall be 10 % hence P(100—P) = 900.

3) Determination of k, from equation (B.2):
k=2,5x10"° %900 x (10) x (6,3/10)%° =17,86 kg

1) Determination of minimum mass, from equation (B.1):

R 17{86 y 4800 _43kg
(22 5000
EXAMPLE |2
Material type sized ore — 31,5 mm + 6,3 mm
Specification size — 10 mm + 6,3 mm
Approximate % of specification size in sample 12 %
Mean density of the iron ore particles 4 500 kg/m3
Desired Bpy 25%

Problem: determine the minimum mass to be used for sieving.

1) Determination of I: the specification size is given as — 10 mm + 6,3 mm. By definition (see above) the
value of | shall be 10 mm.

21
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2) Determination of P and P(100—P): the approximate value of P is given as 12 %. According to table B.1 the
value to be assumed shall be 15 %, hence P(100—P) =1 275.

3) Determination of k, from equation (B.2):
k=2,5x10"° x1 275 x (31,5)% x (10/31,5)%° =561,34 kg
4) Determination of minimum mass, from equation (B.1):

561,34 _ 4500
m=—"—1_"x——

=80,8 kg
(252 5000
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(normative)
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Flowsheet of the procedure for the acceptance of analytical values for
test samples

Perform x,

X=X =71

Yes Xq+ Xo
] 21772

S Perform x,

No
-
\
\
\ |xq - x| <127
\
\
|
No
Perform x3, x,

Yes

Range of
X4 Ko X3 =< 121

No

Yes

Xq+ Xo + X3

Perform x,

Range of x4, X, X3, X, <131

No

Yes

X =

3

X1+ X+ X3+ Xy

X =

4

r: as defined in 9.3.8

X = Median of X1, X2, X3, Xy
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Sieve apertures in the R 20 series (taken from ISO 565)

Annex D
(informative)

mm mm pm pm
125 9,00 900 56
112 8,00 800 50
100 7,10 710 45
99,0 6,30 630 40
89,0 5,80 560 36
71,0 5,00 500
63,0 4,50 450
54,0 4,00 400
59,0 3,55 355
48,0 3,15 315
49,0 2,80 280
34,5 2,50 250
31,5 2,24 224
24,0 2,00 200
23,0 1,80 180
23,4 1,60 160
20,0 1,40 1503
18,0 1,25 125
14,0 1,12 112
14,0 1,00 100
13,5 90
11,2 80
10,0 71
63

3) 150 um from R 40/3 series.
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