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Foreword

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

electrotechnical standardization.
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This docume
Subcommittg

This fifth ed
revised. It al
compared to

bwing

nt was prepared by Technical Committee [SO/TC 102, Iron ore and direct reduced iron,

be SC 1, Sampling.

tion cancels and replaces the fourthvedition (ISO 3082:2009), which has been techrjically

50 incorporates the Technical Corrigendum ISO 3082:2009/Cor.1:2009. The main ch
the previous edition are as fellows:

anges

Vi

expansign of the definition of test sample;

insertion of a new paragraph'in’4.1 indicating that sampling from the top of a moving conveyqr belt
using crgss-belt (hammer)'samplers is not permitted;

deletion|of reference/oincreasing the cutter aperture above three times nominal top size tofavoid
bridging of the cutterlips for wet sticky ore at the end of 5.1.4.2;

expressipn of bulk density in kg/m3 in 5.1.4.4 and corresponding amendment of Formula (3);

insertion ofian explanation in the first paragraph of 5.2 that better precision means a lower|value
of Bspm;

inclusion of an extra column in Table 1 and extra rows in Tables 3 and 5 for mass of lot over 340 000
tonnes and updating of the overall precision values for phosphorus content in Table 1 based on
international data collected on precisions achieved in practice;

updating of the sampling precision values for phosphorus content in Table 3 based on international
data collected on precisions achieved in practice as well as minor adjustments to the sizing precisions
for sized ore and sinter feed;

changing of “there will not be any oversize material remaining” in 7.7.2 to “no more than 5 % by
mass oversize material is retained on the relevant sieve”;

changing of “sample division” to “division” throughout 10.1.5;
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— clarification of the requirements for preparation of test samples for moisture determination and
division of individual increments or partial samples in 10.1.6.1.1, 10.1.6.1.2 and 10.1.6.2.3;

— correction of the mass of sample for physical testing to 600 kg in the last sentence of 10.1.6.3;

— major revision of 10.2.4 to clarify the special procedure for moisture content, including a revision of
Table 7;

— insertion of a new clause (10.4.3) describing the manual strip-division method as an acceptable
alternative to manual increment division and riffle division;

— amendment of all particle size specifications in 10.5 to nominal top size, including Figure 11 and
Figure 1Z;

gnificant revision of 10.6 to clarify the procedure for preparation of test samples [for moisture
ptermination.

o w
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INTE

RNATIONAL STANDARD ISO 3082:2017(E)

Iron ores — Sampling and sample preparation procedures

WARNING — This document can involve hazardous materials, operations and equipment, and
does not purport to address all the safety issues associated with its use. It is the responsibility of
the user of this document to establish appropriate health and safety practices.

1 S

cope

This document provides

a) the underlying theory,

b) the basic principles for sampling and preparation of samples, and

c t

for m
This i

physi

The 1
by mg¢

e basic requirements for the design, installation and operation of sampling systems

echanical sampling, manual sampling and preparation of samplés taken from a lot uy
s in order to determine the chemical composition, moisture content, size distributi
Cal and metallurgical properties of the lot, except bulk densityobtained using ISO 385

hethods specified in this document are applicable torboth the loading and dischat
bans of belt conveyors and other ore-handling equipmrent to which a mechanical sa

The
agglo

2 N

The f
const
undat

ISO 5
of ope

[SO 3

ISO 3
and m

[SO 3

installled or where manual sampling can safely be conduéted.

ethods are applicable to all iron ores, whether natural or processed (e.g. conc
erates, such as pellets or sinters).

ormative references

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

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

)84, [ron oresy=~Experimental methods for evaluation of quality variation

D85, Iror ores — Experimental methods for checking the precision of sampling, samplé
easurénrent

D86, [ron ores — Experimental methods for checking the bias of sampling

der transfer.
pn and other
P (Method 2).

ging of a lot
mpler can be

bntrates and

their content
applies. For
ents) applies.

Nominal sizes

b preparation

ISO 3087, Iron ores — Determination of the moisture content of a lot

ISO 3271, Iron ores for blast furnace and direct reduction feedstocks — Determination of the tumble and
abrasion indices

ISO 3310-1, Test sieves — Technical requirements and testing — Part 1: Test sieves of metal wire cloth

IS0 3310-2, Test sieves — Technical requirements and testing — Part 2: Test sieves of perforated metal plate

ISO 3852, Iron ores for blast furnace and direct reduction feedstocks — Determination of bulk density

ISO 4695, Iron ores for blast furnace feedstocks — Determination of the reducibility by the rate of

reduc

tion index
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ISO 4696-1, Iron ores for blast furnace feedstocks — Determination of low-temperature reduction-
disintegration indices by static method — Part 1: Reduction with CO, CO2, Hy and N7

ISO 4696-2, Iron ores for blast furnace feedstocks — Determination of low-temperature reduction-
disintegration indices by static method — Part 2: Reduction with CO and N

IS0 4698, Iron ore pellets for blast furnace feedstocks — Determination of the free-swelling index

IS0 4700, Iron ore pellets for blast furnace and direct reduction feedstocks — Determination of the crushing
strength

IS0 4701, Iron ores and direct reduced iron — Determination of size distribution by sieving

ISO 7215, Irdn ores for blast furnace feedstocks — Determination of the reducibility by the final,dedree of
reduction index

ISO 7992, Iran ores for blast furnace feedstocks — Determination of reduction under load
IS0 8371, Irop ores for blast furnace feedstocks — Determination of the decrepitation index
ISO 11256, Inon ore pellets for shaft direct-reduction feedstocks — Determination6f the clustering index

ISO 11257, fron ores for shaft direct-reduction feedstocks — Determination of the low-temperature
reduction-disintegration index and degree of metallization

ISO 11258, Ion ores for shaft direct-reduction feedstocks — Deterniination of the reducibility index, final
degree of redyction and degree of metallization

ISO 11323, Inon ore and direct reduced iron — Vocabulary

ISO 13930, [ron ores for blast furnace feedstocks —~Petermination of low-temperature reduction-
disintegratiop indices by dynamic method

3 Terms pnd definitions
For the purppses of this document, the terins and definitions given in ISO 11323 and the following ppply.

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

— IEC Elecfropedia: available@thttp://www.electropedia.org/

— SO Online browsing platform: available at http://www.iso.org/obp

31
lot
discrete and|defined quantity of iron ore or direct reduced iron for which quality characteristics pre to
be assessed

3.2

increment

quantity of iron ore or direct reduced iron collected in a single operation of a device for sampling or
sample division

3.3

sample

relatively small quantity of iron ore or direct reduced iron, so taken from a lot as to be representative in
respect of the quality characteristics to be assessed

34
partial sample
sample comprising of less than the complete number of increments needed for a gross sample

2 © IS0 2017 - All rights reserved
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3.5
gross sample
sample comprising all increments, entirely representative of all quality characteristics of a lot

3.6

test sample

sample prepared from an increment, a partial sample or a gross sample to meet all specific conditions
for a test

3.7
test portion
part of a test sample that js actually and entirely subjected to the specific test

3.8
stratijfied sampling
sampling of a lot carried out by taking increments from systematically specified positions and in
apprdpriate proportions from strata

Note 1 to entry: Examples of strata include production periods (e.g. 5 min), production masses (e.g.[1 000 t), holds
in vesgels, wagons in a train, or containers and trucks representing a lot.

3.9
systematic sampling
sampling carried out by taking increments from a lot at regular'intervals

3.10
masstbasis sampling
sampling carried out so that increments are taken at equal mass intervals, increments beipg as near as
possible of uniform mass

3.11
time4basis sampling
sampling carried out so that increment§_are taken from free falling streams, or from ¢onveyors, at
unifofm time intervals, the mass of each increment being proportional to the mass floy rate at the
instant of taking the increment

3.12
propertional mass division
division of samples or jnerements such that the mass of each retained divided portipn is a fixed
propqrtion of the mass being divided

3.13
consfant mass.division
divisipn of samples or increments such that the retained divided portions are of almost upiform mass,
irrespectivie-of variations in mass of the samples or increments being divided

Note 1 to-entry: This method is required for sampling on a mass basis.

Note 2 to entry: “Almost uniform” means that variations in mass are less than 20 % in terms of the coefficient of
variation.

3.14
split use of sample
separate use of parts of a sample, as test samples for separate determinations of quality characteristics

3.15

multiple use of sample

use of a sample in its entirety for the determination of one quality characteristic, followed by the use of
the same sample in its entirety for the determination of one or more other quality characteristics

© IS0 2017 - All rights reserved 3
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3.16

nominal top size
particle size expressed by the smallest aperture size of the test sieve (from a square opening complying
with the R20 or R40/3 series in ISO 565), such that no more than 5 % by mass of iron ore is retained on

the sieve

4 General considerations for sampling and sample preparation

4.1 Basicrequirements

The basicre
opportunity
deviation frd
incorrect saf

The best san

belts. Here the full cross-section of the ore stream can be conveniently interceptediatregular inte

enabling rep

of being selected and becoming part of the sample for analysis (Gy[ll; Pitard[2l)
m this basic requirement can result in an unacceptable loss of trueness and precisiq
hpling scheme cannot be relied on to provide representative samples.

hpling location to satisfy the above requirement is at a transfer point-between con

resentative samples to be obtained.

Sampling fr
because it i
the lot do n
show signifid

In situ samp
to drive the
parts of the
sampling fro

i]:rnnpossible to extract a complete cross-section of the ore stream. Consequently, all p3

the top of a moving conveyor belt using cross-belt (hammer)samplers is not permn

equal
. Any
n. An

veyor
rvals,

itted,
rts of

have an equal opportunity of being sampled. All attempts’'to validate hammer samplers

ant bias compared to falling-stream and stopped-belt:sampling.

ing of ships, stockpiles, containers and bunkers is;not permitted, because it is impo
sampling device down to the bottom and extract.the full column of ore. Consequenf
lot do not have an equal opportunity of beifig sampled. The only effective proced
m a transfer point at the end of or between conveyor belts when ore is being conveyed

from the shi

In situ sampling from stationary situations such;as trucks or wagons is permitted only for ores

, stockpile, container or bunker.

ssible
ly, all
ure is
| to or

with

nominal top [size less than 1 mm, provided the;sampling device, e.g. a spear or an auger, penetraftes to

the full depth of the concentrate at the point selected for sampling and the full column of concentt

extracted.

Sampling sh
basis (see 6.]
periodic vari
or time inter

The method
scheme and

Moisture sar
is not possib

i1l be carried out by systematic sampling either on a mass basis (see 6.1) or on g
), provided no bias-is introduced by periodic variations in quality or quantity. Howe
ations that could-introduce bias are present, stratified random sampling within fixed
vals shall be carried out (see 6.3).

n the steéps necessary to minimize possible biases and obtain acceptable overall pred

hplés Shall be processed as soon as possible and test portions weighed immediately.

ateis

time
ver, if
mass

b used for Sampling and sample preparation depend on the final choice of the sanppling

ision.

[f this

e;’Samples shall be stored in non-absorbent airtight containers with a minimum of fr

ee air

space to min

mize any change in moisture content, but should be prepared without delay.

4.2 Establishing a sampling scheme

The procedure for establishing a sampling scheme is as follows:

a)
b)
‘)
d)

identify the lot to be sampled and the quality characteristics to be determined;
ascertain the nominal top size;

determine the sampling location and the method of taking increments;

the device for taking increments;

determine the mass of increment considering the nominal top size, the ore-handling equipment and

© ISO 2017 - All rights reserved
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f)

g)

h)

p)

Speci
When
prepa
be in
rathe

4.3

Stopped-belt sampling iS-the reference method for collecting samples against which me
manujal sampling procedures may be compared to establish that they are unbiased i accordance
with
samp
princ
loading, unléading or reclaiming procedures could produce periodic variations in qua
With]he taking of increments. These periodic variations could include characteristics sud

size distpibution and moisture content. When such cyclic variations occur, the source of t

ISO 3082:2017(E)

specify the precision required;

ascertain the quality variation, ow, of the lot in accordance with ISO 3084, or, if this is
assume “large” quality variation as specified in 5.3;

not possible,

determine the minimum number of primary increments, ny, to be taken from the lot for systematic

or stratified random sampling;

determine the sampling interval in tonnes for mass-basis sampling or in minutes for time-basis

sampling;

take increments having almost uniform mass for mass-basis sampling or having a mass

determine whether the sample is for split use or multiple use;
eptablish the method of combining increments into a gross sample or partial samples;
eptablish the sample preparation procedure, including division, crushing, mixing and
c

d

Fush the sample, if necessary, except for the size sample and some physical testing sa

y the sample, if necessary, except for the moisture sample;

divide samples according to the minimum mass of divided sample for a given nom
employing constant mass or proportional division‘\for mass-basis sampling, or
diivision for time-basis sampling;

prepare the test sample.

h] attention shall be given to the total mass of test sample required for physical tests
the mass of the gross sample or partial samples is expected to be less than that
ration of test samples for physical tésting, the number and/or mass of increments to I

 than the increment mass.
System verification
procedures specified in ISO 3086. However, before any bias tests are conducted, s

e preparatioh systems shall first be inspected to confirm that they conform to the c
ples specified in this document. Inspections shall also include an examination of

proportional
ments are to

)

drying;

mples;

nal top size,
proportional

see 10.1.6.3).
required for
e taken shall

‘reased to give the required mdss: It is preferable that the number of increments be increased,

chanical and

ampling and
rrect design
whether any
ity in phase
h as particle

ne variations

shall be investigated to determine the practicability of eliminating the variations. If this is not possible,
stratified random sampling shall be carried out (see 6.3).

An example of a suitable inspection procedure and checklist is provided in Annex A. This will quickly
reveal any serious deficiencies in the sampling or sample preparation system and may avoid the need
for expensive bias testing. Consequently, sampling systems shall be designed and constructed in a
manner that facilitates regular verification of correct operation.

NOTE Further details can be found in Reference [3].

Regular checks of quality variation and precision shall also be carried out in accordance with ISO 3084
and ISO 3085 to monitor variations in quality variation and to verify the precision of sampling, sample
preparation and measurement. This is particularly important for new products or new sampling
systems or when significant changes are made to existing systems.
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5 Fundamentals of sampling and sample preparation

5.1 Minimization of bias

5.1.1 General

Minimization of bias in sampling and sample preparation is vitally important. Unlike precision, which
can be improved by collecting more increments or repeating measurements, bias cannot be reduced by
replicating measurements. Consequently, the minimization or preferably elimination of possible biases
should be regarded as more important than 1mprovement of prec151on Sources of bias that can be

include samy
while source|
loss of dust

5.1.2 Mini

lm
of particle size degradation of samples used for determination of@Size distribution i

le splllage sample Contammatlon and 1ncorrect delmeatlon and extractlon of incren
that can be minimized but not completely eliminated include change in moistureco
nd particle degradation (for size determination).

D

ization of particle size degradation

system
hents,
htent,

Minimizatio b vital

in order to 1leduce bias in the measured size distribution. To prevent particle size degradation, it is

essential to feep free-fall drops to a minimum.

5.1.3 Extraction of increments

Itis essential that increments be extracted from the lot in such a manner that all parts of the ore have an

equal opporfunity of being selected and becoming part of the-final sample for analysis, irrespective of

the size, masp, shape or density of individual particles. If this requirement is not respected, bias is pasily

introduced. This results in the following design requirements for sampling and sample preparation

systems:

a) a complé¢te cross-section of the ore stream shall be taken when sampling from a moving sfream
(see 7.5)

b) the apertfure of the sample cutter shallibe atleast three times the nominal top size of the ore, or 30 mm
for the primary sampling and 10 mmfor subsequent stages, whichever is the greater (see 7.5.4)

c) thespeefl ofthe sample cutter,shall notexceed 0,6 m/s, unless the cutter aperture is correspondingly
increased (see 7.5.5);

d) the samﬂ)le cutter shalltravel through the ore stream at uniform speed (see 7.5.3), both the lgading
and trailling edges of¢he’cutter clearing the ore stream at the end of its traverse;

e) the lips |on the sample cutter shall be parallel for straight-path samplers and radial for fotary
cutters (see 7:5.3), and these conditions shall be maintained as the cutter lips wear;

f) changes|ifvinoisture content, dust losses and sample contamination shall be avoided;

g) free-fall drops shall be kept to a minimum to reduce size degradation of the ore and hence minimize
bias in size distribution;

h) primary cutters shall be located as near as possible to the loading or discharging point to further
minimize the effects of size degradation;

i) a complete column of ore with nominal top size less than 1 mm shall be extracted when sampling

iron ore

concentrate in a wagon (see 8.2).

Sampling systems shall be designed to accommodate the maximum nominal top size and flow rate of
the ore being sampled. Detailed design requirements for sampling and sample preparation systems are

provided in Clauses 7, 8

,9 and 10.
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5.1.4 Increment mass

5.1.4.1 General

The increment mass required to obtain an unbiased sample can be calculated for typical sampling
situations [see Formulae (1), (2) and (3)]. Comparing the calculated masses with the actual increment
masses is useful for checking the design and operation of sampling systems. If the difference is
significant, the cause shall be identified and corrective action taken to rectify the problem.

5.1.4.2 Increment mass for falling stream sampling

The thass of increment, mj, in kilograms, to be taken (mechanically or manually) by 4 cutter-type
sampler from the ore stream at the discharge end of a conveyor belt is given by Formula (1))

ql4

m, =
173,6v¢

(1)
wher¢

q| isthe flow rate, in tonnes per hour, of ore on the conveyor belt;
I{ isthe cutter aperture, in metres, of the sampler;
vE is the cutter speed, in metres per second, of the sampler.

The minimum increment mass that can be taken, while still avoiding bias, is determiined by the
minirthum cutter aperture specified in 7.5.4 and the maximum cutter speed specified in 7.9.5.

5.1.4{3 Increment mass for stopped-belt sampling

The mass of increment, my, in kilograms, to:be taken manually from a stopped-belt is equall to the mass
of a cpmplete cross-section of the ore eirthe conveyor. It is given by Formula (2):

ql;
m; = 2
=3 6vy (2)

where

q| isthe flowaate, in tonnes per hour, of ore on the conveyor belt;
I isthelength, in metres, of the complete cross-section of ore removed from the cohveyor;

vg isithe speed of the conveyor belt, in metres per second.

The mulimum increment mass that can be taken, while still avoiding bias, is determined by the
minimum length of ore removed from the conveyor, i.e. 3d, where d is the nominal top size of the ore, in
millimetres, subject to a minimum of 30 mm for primary sampling and 10 mm for subsequent stages.

5.1.4.4 Increment mass for manual sampling using spear or auger

The mass of increment, my, in kilograms to be taken from a truck or wagon in a lot using a spear or an
auger of diameter, I3, in millimetres, is given by Formula (3):

121
m _TPpl3 1y

4x10

where
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pp isthebulk density of the ore with nominal top size less than 1 mm, in kilograms per cubic metre;
l4  is the depth of ore with nominal top size less than 1 mm in the truck or wagon, in metres.

The minimum increment mass that can be taken, while still avoiding bias, is determined by the
minimum diameter of the spear or auger, i.e. 30 mm.

This method of extracting increments is only applicable to sampling ore with nominal top size less
than 1 mm.

5.2 Overall precision

This documént is designed to attain the overall precision, Sspm, at a probability level of 95,%, [given
in Table 1 for the total iron, silica, alumina, phosphorus, and moisture contents and the pexcerlt size
fraction of tHe lot. Better precision, i.e. a lower value of Sspy, may be adopted if required~Theé prefision
shall be detefmined in accordance with ISO 3085.

NOTE The overall precision for other physical characteristics and metallurgical preperties is not sp¢cified
in this document, because they are used to qualitatively compare the behaviour of irop-ores during handlipg and
reduction professes.

The overall grecision, Sspy, is a measure of the combined precision of sampling, sample preparatign and
measuremert, and is twice the standard deviation of sampling, samplé\preparation and measurement,
ospM, expresped as an absolute percentage, i.e.

2 2. 2
Ospm =4\[0s +Op +O (4)
_ _ 2. 2., 2
Bspm =20 spm =24/0§ +0p +0) (5)
ol

Jn;
where
os is the sampling standard-deviation;
op isthe sample preparation standard deviation;
oM is the measurement standard deviation;
ow is the qualitywariation of the ore;

np is thenumber of primary increments.

Formulae (4), (5) and (6) are based on the theory of stratified sampling (see Annex B for details). The
number of primary increments to be taken for a lot is dependent on the sampling precision required
and on the quality variation of the ore to be sampled. Thus, before the number of primary increments
can be determined, it is necessary to define

a) the sampling precision, f5s, to be attained, and
b) the quality variation, ow, of the ore to be sampled.

When on-line sample preparation takes place within the sample plant away from the preparation
laboratory, the distinction between the terms sampling and sample preparation becomes unclear. The
precision of on-line sample preparation may be included in either the sampling precision or in the sample
preparation precision. The choice depends on how easy it is to separate the precision of secondary and
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tertiary sampling from that of primary sampling. In any event, sample preparation also constitutes a
sampling operation, because a representative part of the sample is selected for subsequent processing.

Table 1 — Overall precision, Sspy (values as absolute percentages)

Quality characteristics Approximate overall precision

BspMm

Mass of lot
t

Over 270000 {210 000{150000(100000| 70 000 | 45000 | 30 000 | 15000 | Less
340000 to to to to to to to to than
340000 {270 000|210000|150000|100000| 70 000 | 45 000 |\30 000 | 15 000

Iron cpntent 0,33 0,34 0,35 0,37 0,38 0,40 0,42 0,45 0,49 0,55
Silica fontent 0,33 0,34 0,35 0,37 0,38 0,40 0,42 0,45 0,49 0,55
Alumina content 0,10 0,11 0,12 0,12 0,13 0,14 0,15 0,16 0,18 0,20
Phosphorus content 0,0057 | 0,0058 | 0,0059 |0,0063|0,0065|0,006870,0072{0,0077|0J0084|0,009 4
Moistfire content 0,33 0,34 0,35 0,37 0,38 0,40 0,42 0,45 0,49 0,55
Size of 200 mm |-10 mm

nomirjal top size |fraction,

ore mean 3,3 3,4 3,5 3,6 3,7 3,9 4,0 4,2 4,4 5,0

20 %

Size of 50 mm
nomirjal top size

ore
Size of -6,3 mm
-31,5¢ 6,3 mm |fraction,
sized pre mean
10 %
Size of sinter feed | +6,3 mm
fraction,
mean 1,65 1,7 1,75 1,8 1,85 1,95 2,0 2,1 2,2 2,5
10 %
Size of pellet feed | -45 um
fractiofy
meafi
70 %
Size of pellets 6,3 mm
fraction,
mean 5 % 0,66 0,68 0,70 0,72 0,74 0,78 0,80 0,84 0,88 1,00

NOTE The values of Sspy for silica, alumina and phosphorus content are indicative and subject to confirmation through
international testwork.

The most rigorous approach is to break up the sampling standard deviation into its components for
each sampling stage, in which case Formula (4) becomes Formula (7):

2 . 2 ., 2. 2. 2
GSPM=\/GS1+052+GS3+GP +oym (7)

where
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os1 is the sampling standard deviation for primary sampling;
os2 is the sampling standard deviation for secondary sampling;
os3 is the sampling standard deviation for tertiary sampling.

Using this approach, the precision of each sampling stage can be separately determined and optimized,
resulting in a fully optimized sampling and sample preparation regime.

5.3 Quality variation

The quality ;
of the qualiy characteristics of increments within strata for mass-basis systematic sampling. The
characteristics to be selected for determining quality variation include the iron, silica,)alumina,
phosphorus,[and moisture contents and the percentage of a given size fraction.

)

The value off ow shall be measured experimentally for each type or brand of iron\ore and for each
handling plaht under normal operating conditions, in accordance with ISO 3084 Th€ quality varjation
of the iron ofe may then be classified into three categories according to its magnitude as specifjied in
Table 2. In tHe case of time-basis sampling, if the flow rate of the ore is uniférm on the belt, then|time-
basis samplihg is the same as mass-basis sampling and ISO 3084 can be applied.

For ores whose quality variation is unknown, measurements shdllvbe conducted at the edrliest
opportunityfin accordance with ISO 3084 to determine the quality variation. Prior to the determination
of quality variation, the classification adopted shall be as follows?

a) when no|prior information exists on the quality variationof the ore or similar ores, the ore shall be
considerjed to have “large” quality variation;

b) when ptfior information exists on the quality variation of a similar ore, the quality varjation
classification of that ore shall be adopted as the'starting point.

When separgate samples are taken for the determination of chemical composition, moisture cqntent
and size disfribution, the quality variation for the individual characteristics shall be adopted. When
separate samples are taken for the determination of other physical characteristics or metallufrgical
properties npt specified in Table 2, larige quality variation should be used. When the sample is usgd for
the determirjation of more than one quality characteristic, the largest classification category for guality
variation in Table 2 shall be adopted.

For small lofs, it may not be“possible to take the number of increments specified by Formula (B) for
large quality] variation. Imthis case, the maximum number of increments possible shall be takep, but
in an attempt to compénsate for the poorer sampling precision, the precision of sample preparation
shall be improved to.achieve the required overall precision Bspwm, e.g. by preparing and analysing/more
partial samples. The.procedure adopted should be recorded in the sampling report.
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Table 2 — Classification of quality variation oy (values as absolute percentages)

Quality characteristics Classification of quality variation
ow
Large Medium Small

Iron content ow=2,0 2,0>0w=15 ow<15
Silica content ow =2,0 2,0>0w=1,5 ow<1,5
Alum_ina content ow = 0,6 0,6 >o0w=0,4 ow < 0,4
Phos;lyhorus content ow = 0,015 0,015> 0w =0,011 aw < 0,011
Moistlure content ow = 2,0 2,0>0w=1,5 ow <15
Size of 200 mm nominal | -10 mm fraction,
top size ore mean 20 % ow 210 10>0w=75 w <75
Size df 50 mm nominal
top size ore
Size df - 31,5 + 6,3 mm|-6,3 mm fraction,
sized|ore mean 10 % ow =5 52w 23,75 oW <375
Size df sinter feed +6,3 mm fraction,

mean 10 %
Size df pellet feed -45 um fraction,

mean 70 % ow=3 3>0w=2,25 oW < 2,25
Size df pellets -6,3 mm fraction,

mean 5 %
5.4 (Sampling precision and number of primary increments
5.4.1| Mass-basis sampling
Wher] the value of oy is known, the number of primary increments, n1, can be calculated fgr the desired
sampling precision, s, as showmby Formula (8):

=

This 1
value
Table
samp
the le

_ 20w ’
| Bs

(8)

s the preferdble’ method of determining the number of primary increments. Howey
of ow is classified in terms of large, medium or small quality variation in accordance

ing precision, fBs, specified in Table 3. The theoretical background is given in Annex

er, when the
with Table 2,

3 may“be’ used to determine the minimum number of primary increments required for the

B. In Table 3,

vels'of sampling precision have been increased slightly for smaller lot sizes as a tradg

-off between

samp

5.4.2

ing costand the nnr‘nr‘fninfy inthe value of the lot

Time-basis sampling

The minimum number of primary increments shall preferably be determined using Formula (8), but
Table 3 may also be used, as specified in 5.4.1.
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Table 3 — Example of minimum number of increments required, ni, for desired sampling
precision, s

Mass of lot Sampling precision Number of primary
1000t increments
Bs
ni
Over | Upto Fe, Al03 P 200 mm | -31,5mm | Pellet Quality variation
SiO7 or content | content or + 6,3 mm feed, Large (L),
moisture 50 mm sized - 45 um Medium (M)
content nominal ore, fraction or Small (S)
top size | - 6,3 mm
ores, fraction
- 10 mm
fraction
Sinter feed,| Pellets, L M S
+6,3mm |- 6,3 mm
fraction | fraction
340 0,30 0,08 0,003 7 1,49 0,75 0,45 280 140 70
270 34( 0,31 0,09 0,003 9 1,55 0,78 0,47 260 130 65
210 27( 0,32 0,09 0,004 1 1,61 0,81 0,48 240 120 60
150 21( 0,34 0,10 0,004 2 1,69 0,84 0,51 220 110 65
100 15( 0,35 0,10 0,004 4 1,77 0,88 0,53 200 100 50
70 10( 0,37 0,10 0,004 5 1,86 0,93 0,56 180 90 15
45 70 0,39 0,11 0,004 9 1,98 0,99 0,59 160 80 40
30 45 0,42 0,12 0,005 2 2,11 1,06 0,63 140 70 35
15 30 0,45 0,13 0,005 7 2,28 1,14 0,68 120 60 30
0 15 0,50 0,14 0,006 2 2,50 1,25 0,75 100 50 25
NOTE  The vilues of n1 can be increased or decreased to alter the sampling precision; e.g. if the number of increments is
2n1, then Bs willl be improved by a factor of 1/v2 £0,71; and if it is n1/2, then Bs will be worsened by a factor of V2 = 14.

5.5 Precis

5.5.1 Geng

The precisio
be improved
an approprid
combined inf

bral

ion of sample preparation and overall precision

h of sample preparation depends on the choice of the sample preparation scheme.
if sample~preparation is carried out first on individual increments or partial samples at
te stagesof sample preparation and then the divided increments or partial sampl¢s are
0 agross sample.

[t can

The precisio

Ot

ot

uuuuuuuuu

h af camnle nronaration and maoacuramaont Roa.
e prepatrTtior ot oot SrerT 5

Frivh

ToT—o At et ot o oo ocrrer

tests shall be better than that specified in Tables 5 and 6 respectively for each ore type. For checking
BpMm, methods 1 and 2 of ISO 3085 shall be used.

The overall precision in terms of the standard deviation, ospy, where sample preparation and
measurement are carried out on the gross sample, on each of the partial samples or on each of the
increments is specified below.

12
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5.5.2 Preparation and measurement of gross sample

When a gross sample for a lot is constituted by combining all increments and n, measurements are
carried out on the gross sample, the overall precision will be as shown by Formula (9):

o}

2 _ .2, .2 9M

Ospy =05 +0p + - 9
2

where op is the precision of preparing a test sample from the gross sample.

5.5.3 Preparation and measurement of partial samples

Whern n3 partial samples consisting of an equal number of increments are constithted and ny
measfirements are carried out on each partial sample, the overall precision will.be as shown by

Formpla (10):

2
o
ci+—M
2 2 n,
GSPM:GS +n— (10)
3

where op is the precision of preparing a test sample from each pattial sample.

Furthermore, when the above n3 partial samples are combined into a gross sample at ar] appropriate
(10 mm nominal top size or less) stage after individual sample preparation, and ny measyrements are
carri¢d out on the gross sample, the overall precision will be as shown by Formula (11):

2 2
o] c
GSZPM :GSZ"F—Pl +O‘§2 +—M (11)
n3 1
where
op1 isthe precision of preparing-each partial sample prior to constituting the gross sample;

Q

p2  is the precision of preparing a test sample from the gross sample.

5.5.4| Preparation and measurement of each increment

Wher] np measurements are carried out on each increment, the overall precision will be|as shown by

Formpla (12):

2 2 n
GSPM :GS +—2 (12)

where

op isthe precision of preparing a test sample from each increment;

np is the number of primary increments.
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Furthermore, when all the increments are combined into a gross sample at an appropriate stage (10 mm
nominal top size or less) after individual sample preparation, and n, measurements are carried out on

the gross sample, the overall precision will be as shown by Formula (13):

2

2 2
2,0p1 2

Ogpyy =O0g +———+O0py +—

where

op1

ny )

is the precision of preparing each increment prior to constituting the gross sample;

(13)

op2 is

NOTE Ea
a single stage
greatly incred

6 Methog
6.1 Mass-

6.1.1 Mas
The mass of

Increments s
increment m|
standard de
percentage 3

100
cV=""T

For example
a manner th
Provision sh
subsequent

To obtain ind

fhe precision of preparing a test sample from the gross sample.

Ch sample preparation stage has its own variance, so the total variance will be greaterthan t
It is desirable to use larger samples for those stages of sample preparation for which this dg
se costs. This needs to be taken into account when optimizing sample preparatiofi-schemes.

Is of sampling
basis sampling

5 of increment
ncrement shall be determined in accordance with 5.1:4.

hall be taken so that they are of “almost uniform mass”, i.e. the coefficient of variat]
asses shall be less than 20 %. The cogfficient of variation, CV, is defined as the ratio
viation, omass, to the mean value,m, ofithe mass of the increments, expressed

s shown by Formula (14):

Gmass

m
if the average mass of increment is to be 100 kg, the increments should be taken iy
at 95 % of the increments vary between 60 kg and 140 kg, with an average of 1

all therefore be made) either in the manner in which the increments are taken
veighing and division of each increment, to ensure that they have almost uniform ma

rements of almoest uniform mass, one or more of the following measures shall be tak

control ¢

a)

b)

f the oré flow on the conveyor belt ahead of the sampling point to reduce variati

hat for
es not

ion of
of the
as a

(14)

such
0 kg.
or by
SS.

1

n:

ns in

that

increment;

c)

the primary sampler.

each

installation of equipment which rejects increments of non-uniform mass and immediately restarts

If the coefficient of variation of increment masses is 20 % or greater, each increment may be subjected
to division (in accordance with the rules of division) and the quality characteristics determined.
Alternatively, divided increments of “almost uniform mass” may be combined at an appropriate stage of
division into a partial sample or a gross sample (see 10.2.2.1).

6.1.2 Quality variation

The quality variation shall be determined experimentally in accordance with ISO 3084.
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6.1.3 Number of primary increments

The number of primary increments shall be determined in accordance with 5.4.1.

6.1.4 Sampling interval

The mass interval, Am, in tonnes, between increments shall be calculated from Formula (15):

Am< L (15)
m

where

my,  is the mass, in tonnes, of the lot;
nj is the number of primary increments determined in 5.4.1.

The mass interval selected shall be smaller or equal to that calculated above-to-ensure that the minimum
number of primary increments is at least that determined in accordance-with 5.4.1.

6.1.5| Methods of taking increments

Each jincrement shall be taken at one time by a single motiofor by a complete cycle of the sampling
devicg so that a full cross-section of the ore stream is takenyFEree-fall drops of increments|shall be kept
to a njinimum to reduce size degradation of the ore and hénice minimize bias in size distrihution.

NOTE|1 A complete cycle can involve the sampler taking.a forward and return cut through the gre stream.
NOTE[2  Stopped-belt sampling can also be used tg-take a full cross-section of the ore stream.

The fjrst increment shall be taken after a‘*randomly selected tonnage has been handled within the
first nass interval after commencing the handling operation. Subsequent increments shall be taken
at thq fixed mass interval determined-in*6.1.4 until handling of the lot has been complet¢d. When the
calculated mass of the sample is less.than that required for testing (size determination, phyfsical testing,
etc.), the number and/or mass ofthe increments shall be increased.

Either of the following two kinds of cutters may be employed for the primary sampler:
a) affixed-speed cutter‘'whose cutting speed is constant during the course of handling th¢ entire lot;

b) a|variable-speed )cutter whose cutting speed is constant while cutting the streamp but can be
regulated, increment by increment, according to the flow rate of ore on the conveyor belt.

Sampling shallvbe carried out at the nearest possible point to the loading or dischargjng facilities,
preferably immediately before or after the point of weighing.

6.2 Time-basis sampling

6.2.1 Mass of increment

The mass of increment shall be proportional to the flow rate of the ore stream at the time of sampling.
When a test sample is prepared from each increment or partial sample, the mass of each increment or
partial sample shall be determined in order to obtain the weighted mean of the quality characteristics
for the lot. Alternatively, the tonnage of ore that the sample represents may be used to obtain the
weighted mean.

6.2.2 Quality variation

When the variation in the ore flow rate is less than 20 % in terms of the coefficient of variation, ISO 3084
shall be used to obtain an approximate value for the quality variation.
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6.2.3 Number of increments

The number

of primary increments shall be determined in accordance with 5.4.2.

6.2.4 Sampling interval

The time interval, At, in minutes, between increments shall be calculated from Formula (16):

60m
Ats—L (16)
Amax™1

where

my, i the mass, in tonnes, of the lot;

gmax ip the maximum flow rate, expressed in tonnes per hour, of ore on the convéyer belt;

ni ik the number of primary increments determined in 5.4.2.
The selected| time interval between taking increments shall be smaller or equal to that calculated to
ensure that the minimum number of primary increments is at least that(determined in accorflance

with 5.4.2.

6.2.5 Methods of taking increments

Each increm
device so tha

t a full cross-section of the ore stream is taken. Eree-fall drops of increments shall b

to a minimun to reduce size degradation of the ore and hence minimize bias in size distribution.

NOTE1l As

NOTE 2  Stg

The first incy

ampler can take a forward and return cut through the ore stream in a complete cycle.

pped-belt sampling can also be used tatake a full cross-section of the ore stream.

operation. Subsequent increments shall.be taken at the fixed time interval determined in 6.2.4

handling of t
testing (size

A fixed-spee
be employed

Sampling sh

he lot is completed. When the calculated mass of the sample is less than that requir
determination, physicaltésting, etc.), the sampling interval shall be shortened.

1 cutter whose cutting speed is constant during the course of handling the entire lot
for the primary‘sampler.

hll be carried out at the nearest possible point to the loading or discharging fac

preferably immmediately)before or after the point of weighing.

6.3 Strati

fiedhrandom sampling within fixed mass or time intervals

bnt shall be taken at one time by a single motion‘r by a complete cycle of the sanpling

e kept

ement shall be taken at random within the first time interval from the start of the handling

until
cd for

shall

lities,

6.3.1 General

Sampling shall preferably be carried out by systematic sampling either on a mass basis (6.1) or on a time
basis (6.2). However, when periodic variations in quality or quantity occur with a period approximately
equal to any multiple of the proposed sampling interval, stratified random sampling within fixed mass
or time intervals should be used.

Due to the nature of stratified random sampling, successive increments may be collected close together
in space or time. Consequently, the sampling system shall be designed to handle two increments in
quick succession.
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6.3.2 Fixed mass intervals

For stratified random sampling within fixed mass intervals, the procedure is as specified in 6.1 except
that, when the mass interval has been set, the sample cutter is programmed to take one primary
increment at random within this mass interval. This is achieved by using a random number generator,
capable of giving a random mass number within the mass interval (determined in 6.1.4), which activates

the sample cutter at the mass corresponding to the mass number generated.

6.3.3

Fixed time intervals

For stratified random sampling within fixed time intervals, the procedure is as specified in 6.2 except

that,
increl
capah
the s4

ment at random within this time interval. This is achieved by using a random numb
le of giving a random time number within the time interval (determined in 6.2.4), wh
mple cutter at the time corresponding to the time number generated.

one primary
er generator,
ich activates

7 Sampling from moving streams

7.1 |General

The Basic requirements together with typical examples are déscribed as a guide to the design and
opergtion of sampling and sample preparation systems for meving streams. These requirlements shall

be taken into account from the early stages of design and engineering as well as during o
maintenance of the systems.

This flocument deals only with sample cutters that take a complete cross-section of the
Sample cutters taking only part of the stream are ifi¢correct in design, and cannot be relied
representative samples, i.e. they may introduce-significant bias.

Itis

oper
also b

The s
speci
basis
samp
mech

The s

Care
disch

peration and

ore stream.
bn to provide

t essential to construct or operate the Sampling system as a single system. Any principal unit or
combjnation of principal units may be operated mechanically and combined at any stage

tion to form a complete sampling/and sample preparation system. A manual sampl
e used, subject to the safety considerations mentioned in 7.2.

hmpling system shall be-operated in accordance with the requirements of Clauses 5
'y the mass of increment, number of increments, and sampling interval for mass
and stratified random’sampling. Operation of the system should be monitored at all
ing and sample preparation of a lot. In the event of a breakdown or failure of the ing
hnical operation)shall be replaced immediately by a manual sampling procedure.

hmples taken manually should be processed separately from those taken mechanical

thall bertaken not to alter the quality of a lot after sampling at loading and prior td
hrgesnWhere water is sprayed on a cargo for dust suppression or where water is ren

lot, a

Forrection for the water shall be made in accordance with ISQ 3087

with manual
e cutter may

and 6, which
-basis, time-
times during
tallation, the

ly.

sampling at
hoved from a

7.2

Safety of operations

From the initial stage of design and construction of sampling systems, due consideration shall be given
to the safety of operators. Local or national safety codes shall be respected.

It is recommended that mechanical sampling be used if the speed of the conveyor belt is high or the
mass of the ore handled by the conveyor belt is large. Unless stopped-belt sampling is adopted, the use

of ma

nual sampling in such cases could be dangerous for the sampling staff.
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7.3 Robustness of sampling installation

Sampling and sample preparation systems shall be designed and constructed robustly to fulfil without
failure their required function under given conditions at all times.

In the event of a breakdown of the installation or if the installation is unsuitable for a particular ore
(e.g. an excessively sticky ore), an alternative sampling procedure should be available. For example,
increments taken by the primary sampler may be bypassed through a preinstalled facility (e.g. a short
conveyor, a concrete pad or a receiving truck) so that manual sample preparation can be performed.

It is recommended that mechanical sampling systems be arranged in such a way that the principal units
can be operated individually to facilitate repair in the event of breakdown.

7.4 Versatility of sampling system
The design of sampling and sample preparation systems shall be

a) determined by the types of ore likely to be handled, the quality characteristics’to be determined
and the glesired precision of sampling and sample preparation, and

b) such thaf bias is not introduced.

In all cases the minimum mass and number of increments comprising @ sample shall comply with 5.1.4
and 5.4, respectively, in order to attain the specified precision and\the required mass of sampjle for
testing.

The size sanjple shall be taken before any crushing takes placé. Multiple use of increments taken to
constitute a pample is permissible, provided that the general procedures given in Clause 4 are fulffilled.
If size deterrhination is carried out on a sample that will sitbsequently be used for other purposesg, care
shall be takep to ensure that the size fractions are fully‘remixed before subsequent sample preparation
is undertakep.

The installafion shall be designed so that chegk’experiments can be carried out in conjunctior] with
routine sampling. Sampling systems should be capable of combining alternate increments to congftitute
pairs of interleaved samples, designated A and B, for determination of quality variation in accorflance
with ISO 3084 and for checking the precision of sampling in accordance with ISO 3085. To megt the
sampling requirements of ISO 3085, the primary sampler should also be capable of taking at| least
twice the nymber of increments; ny, specified in 5.4. When these design features are in placg, it is
recommendqd that the precisign-of sampling be determined routinely in accordance with ISO 3085 as
part of normpl sampling operfations.

7.5 Primdry samplers

7.5.1 Locdtion

The primarylsamplershall be-installed-at-apoint-where the entire lot may be sampled—It shodld be

STTITPTCT —oTIoTT Tt O Tt o POttt vy o oot o T 1oty o C— oo pro o oo

installed at the nearest point to the loading or discharging facilities as close as possible to the point of
weighing.

7.5.2 Types of primary sampler

There are several types of primary sampler, which vary in mode of operation and shape. The most
widely accepted is a cutter-type primary sampler installed at the discharge end of a conveyor belt and
designed to collect increments by cutting a complete cross-section of the ore stream, traveling through
the ore stream at uniform speed. Increments should preferably be taken from a falling stream using a
mechanical sample cutter, although a manual cutter may also be used if the ore flow rate is very low
(see 7.2).
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Examples of mechanical cutter-type samplers are shown diagrammatically in Figure 1. An example of a
manual sample cutter is shown in Figure 2.

7.5.3 General design criteria for primary cutters

To avoid bias, the primary sampler shall satisfy the following design criteria:

a)
b)

g)

h)

k)

An exfample of a checklist for mechanical sampling systems is given in Annex A.

there shall be no overflow or spillage of sample or loss of ultra-fines;

there shall be no impedance to flow of sample material through the sample cutter at the maximum

flow rate;

bucket-type cutters shall be of sufficient capacity to accommodate the increment mas
the maximum flow rate of the ore;

there shall be no clogging or retention of residual material in the sample cutter;i.e. th
bE self-clearing;

there shall be no contamination or introduction of material otherythan the sam
spmple cutter;

there shall be no significant change of the quality of the sample while taking inc
degradation of the constituent particles if the sample is takeii for size determination
oisture content if the sample is taken for moisture determination;

the sample cutter shall take a complete cross-section” of the ore stream, both the
trailing edges clearing the stream in one path;

the sample cutter shall intersect the ore streamseither in a plane perpendicular to or
nprmal to the mean trajectory of the stream;

the sample cutter shall travel through the ore stream at a uniform speed, not devia
than = 5 % at any point;

e geometry of the cutter aperture shall be such that the cutting time at each point in
ual, not deviating by morethan + 5 %, e.g. straight-path cutters shall have parallel cy
btary cutters shall have rddial cutter lips;

= @

the plane of the cutteraperture shall not be vertical or near-vertical.

s obtained at

b cutter shall

ple into the

rements, e.g.
or change in

leading and

along an arc

ting by more

the stream is
hitter lips and
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&?“ b) Cutter bucket type (i)
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d) Swing arm types

Key
1  main ore flow 3 travelling pass of primary sampler
2 increment I;  Cutting aperture of primary sampler.

Figure 1 — Examples of cutter-type samplers
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Key
Iy

(@)

7.5.4

The ¢
three
ores,

nomitp

signifficant bias.

7.5.5

For either of the two kinds of(pyimary samplers mentioned in 6.1.5 or 6.2.5, the cutter shal

to trg
increl

The ¢

syste
a) b
b) b

1tting aperture of primary sampler.

Figure 2 — Example of a manual sample cutter

Cutter aperture of primary sampler

utting aperture of the primary sampler (dimension /1 in Figure 1 and Figure 2) sha
times the nominal top size of the ore, or 30-mm, whichever is the greater. However,
p.g. sticky ores, bridging and consequentybias may occur for a cutter aperture of thi
nal top size. In these instances, larger cutter apertures shall be used to prevent the in

Cutter speed of primary Sampler

vel at a uniform spéed, not deviating by more than = 5 %, during the course of]
ment.

utter speed is‘one of the most important design parameters in designing a mechan
M. Too high-a‘cutter velocity will lead to

jasing ofithe sample due to deflection of the larger particles,

jasing of the sample by rebounding particles and dust caused by excessive turbulencg

11 be at least
with certain
ee times the
troduction of

be designed
taking each

cal sampling

b, and

c) shockload problems and difficulties in maintaining constant speed while cutting the ore stream.

Experimental work undertaken by Gylll for falling stream cutters shows that, when sampling
heterogeneous ore streams at low belt loading where the particle size distribution is very narrow,
significant bias may be introduced when the cutter speed exceeds 0,6 m/s or the cutter aperture is less
than three times the nominal top size of the ore.

Based on this evidence, cutters that have a cutter aperture (/1) equal to three times the nominal top size
of the ore shall not exceed a cutter speed of 0,6 m/s, so that significant bias is not introduced.

© IS0 2017 - All rights reserved
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For cutters where the effective aperture (I1) is in excess of three times the nominal top size (d), the
maximum cutter speed allowed (vc) can be increased in accordance with Formula (17), subject to a
maximum of 1,5 m/s:

Iy
VC :0,3 1+§

Cutter speeds in excess of the values specified above shall not be used, unless a bias test conducted in
accordance with ISO 3086 proves that no significant bias is introduced.

7.6 Secon

dary and subsequent samplers

(17)

The requiren
for primary s

The aperturg
whichever is

7.7 Onlin

hents for design and operation of secondary and subsequent samplers are identicdl.to
amplers specified in 7.5.2 to 7.5.5.

of the sample cutter shall be at least three times the nominal top size of thé)ore, or 1
the greater.

b sample preparation

7.7.1 Arrangement for sample preparation

The sample

individual pqrtial samples or gross samples in accordance with the\requirements given in Clause 1

those

) mm,

reparation plant shall be designed to carry out préparation of individual increments,

system for handling primary increments, from the primary sampling station to that stage of the s
preparation pystem where size testing is undertaken, or where size and other physical test sampl

taken, shall
sample. The
minimum.

Sampling an
layout, the s
within the ti

The sample g

and dividing
The circulatj
loss of fine n
100 pm nom
separately.

). The
hmple
bS are

e carefully designed to avoid severe handlingithat could cause size degradation of the ore
number of transfer points, and the height\of'fall at each transfer point, shall be keft to a

| sample preparation installations fiay be either integrated or separate. For an integrated
hmple preparation installation shall be capable of completely processing each incr¢ment

me interval between two consécutive increments taken for the same purpose.

reparation equipment shallbe capable of crushing, grinding and pulverizing the sample to
the desired particle size and then dividing the sample to the desired mass without bias. The cryshing
equipment shall be ‘appropriately sealed to protect the samples from excessive ai1f flow.
on of air through'the equipment shall also be reduced to a minimum in order to pievent

aterials and moisture. If it is difficult to incorporate equipment for grinding to 160

Lm or

nal top size into the sample preparation system, the grinding operation may be carri¢d out

7.7.2 Crushers

To obtain thedestredoninat topsize of the bdlllp}c ateach stage ofcr uahiug, gt iudiug ot pulvcx
the equipment for these processes shall be adjusted so that no more than 5 % by mass oversize material
is retained on the relevant sieve.

7.7.3 Dividers

The following are examples of dividers:

a) cutter-chute divider [same design as the primary sampler given in Figure 1 a)];

b) slottedb

elt divider [see Figure 3 a)];

c) chain bucket divider [see Figure 3 b)];

d) rotary sample divider [see Figure 3 c]];

24
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e) rotary plate divider [see Figure 3 d)];
f) rotary cutter divider [see Figure 3 e)];
g) chute type divider [see Figure 3 f)].

To avoid bias, the divider shall have a random start. The operation of the cutter should be interlocked
with the operation of the feeder via a random timer. The time range of operation of the random selector
in the timer shall be adjusted to equal the computed cutting interval, so that there is equal probability
of the first cut being taken at any point of time within the duration of the first interval. Special design
precautions are required for the random timer used for constant mass division. Because the cutting
interval may be different for each increment or partial sample to be divided, the time range of operation

of the
samp

If the
of cut]

Itisr
apert

7.7.4

After
S0 tha
at or
comp,
fines

7.8

When
or wh
shall
shall

equipment performance. Bias-tests should be carried out when these visual checks indicg
‘oblem or some other-change is suspected. The installation shall be capable of attaining sampling

isap
ands

The K
speci

7.9
The s

random selector in the timer should be manually or automatically adjusted for eac
e division, to match the computed cutting interval.

installation is such that the above requirements cannot be met, then a considg¢rdbly 14
s than the specified minimum is required to minimize bias.

ecommended that a uniform feed be provided to the divider at each'stage of divisio
ure shall be as specified in 7.5.4, and the cutter speed shall be congtant (see 7.5.3 and

Dryers

the moisture sample has been extracted, a dryer may he'dsed to dry the chemical an
t subsequent sample preparation can be carried out without difficulty. Drying shall |
below 105 °C, because above this temperature there is likely to be a change in
psition of the sample. Care shall also be taken ngtto introduce other sources of big
during drying.

Checking precision and bias

asampling installation is newly constructed, when principal parts of the installation
en a new ore is being sampled, €heck experiments for precision (ISO 3085) and bia
be carried out for the installation as a whole, and for each stage when possible. {
hlso be conducted at regulariintervals during routine operation to identify any irrg

hmple preparation precision better than those specified in 5.4 and 5.5.

ias of a sampling/installation shall be checked by comparison with “stopped-belt”
ied in Claus€ 9, preferably using size determination as the criterion.

Cleaning and maintenance

h successive

rger number

n. The cutter
7.5.5).

hlysis sample
be conducted
the chemical
s, e.g. loss of

hre modified,
s (ISO 3086)
lisual checks
bgularities in
te that there

sampling as

himpling system should be readily accessible to facilitate inspection, thorough cleanilllg, repairs or

check CXpct rents:

Upon completion of sampling a lot, the major units of the installation should be cleaned either by
applying fresh water, by using dry and oil-free compressed air, or by using a vacuum system. When a
change is made in the type of ore being sampled, a quantity of material taken from the lot to be sampled
should be passed through the entire installation to remove any possible contaminants.
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b) Chain bucket type divider

Key
1  slotted belt a  Feed.
2 inclined chute b Reject.
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c) Rotary sample divider \\(\}‘ d) Rotary plate type dividey
Key . C)
1 fded hopper @ ) 6  drive (enclosed)
2 slide gate C)O a  Feed.
3 vibratory feeder O . b Reject.
4  re¢movable canisters \% ¢ Divided sample.
5 tyrntable
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e) Rotary cutter divider f) Chute type divider
Key
a  Feed. ¢ Divided sample.
b Reject.

7.10 Example of a flowsheet

Figure-3:— Examples of mechanical dividers

The wide vpriation«int mechanical installations for sampling and sample preparation makes it

impracticable to deseribe a standardized flowsheet. Consequently, only guidelines for construc

new mechanjcaldnstallation can be provided.

ting a

A 1 fAaflovchant ic givnn 1n Tigiien Ailnctratinagtha follanaing.
n example StraHewsneet S gve i gure- S U Strath g e oo WiHE:

a) mass-basis sampling;
b) fixed-speed primary sampler;
c) coefficient of variation of mass of increments > 20 %;

d) constant-mass division of increments;

e) separate preparation of size sample, physical testing sample, moisture sample and chemical

analysis sample.
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Lot

| Main conveyor belt |
|
| Flow weigher or timer |
|
Fixed speed

ISO 3082:2017(E)

primary sampler

Reject or
increment storage Increment
Deflector
Increment for moisture Increment for Increment for
and chemical analysis size determination physical testing

| Constant mass division |

Partial sample for
moisture determination

Rejert
Test sample for
moisture determination

Partial sample for
chemical analysis

(if necessaryj

Reject

Reject

Gross sample for
chemical analysis

Reject

(if necessary)

Pulverizer

Distributor

Test sample for chemical analysis

NOTE It is permissible to use a screen before the crusher, provided that there is a facility for mixing the
crushed oversize and the undersize material prior to the division stage.

Figure 4 — Example of a sampling and sample preparation flowsheet
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8 Sampling from stationary situations

8.1 General

To avoid bias, it is essential that increments are extracted from the lot so that all parts of the ore have an
equal opportunity of being selected and becoming part of the final sample for analysis. Consequently,
sampling from moving streams is the preferred method of obtaining representative samples for
determining the quality characteristics of the lot, because equal access is available to the entire lot.
Sampling of stationary lots can be carried out only when access to the full depth of the ore is available
and the complete increment can be extracted. This is sometimes possible with a spear sampler or auger.
However, it is not possible with sampling shovels, which therefore are not recommended.

8.2 Sampling from trucks and wagons

8.2.1 Genge¢ral

In situ sampling of ores with nominal top size less than 1 mm from trucks or wagens is permittedfusing
a spear sampjler or an auger, but only if the sampling device penetrates to the full-depth of the ore fat the
point selected for sampling and the full column of ore is extracted. However‘a more reliable procgdure
is to sample from a conveyor belt during transfer of the ore to or from the truck or wagon. Sampliing of
coarser ore from trucks or wagons using a spear or an auger is not permiifted.

8.2.2 Sampling devices

The spear sampler (see Figure 5) or auger for extracting increments shall have minimum internal
dimensions ¢f 30 mm.

-

Figure 5 — Example of a spear sampler for sampling ores with nominal top size less than 1 mm
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Number of primary increments

The number of primary increments shall be in accordance with 5.4. The number of increments, ny, to
be taken from each truck or wagon constituting the lot is given by Formula (18):

(18)

Ny 2 ﬁ
where
nq is the total number of primary increments to be taken in accordance with 5.4;
Nt is the number of trucks or wagons constituting the lot.
The vplue of ny obtained from Formula (18) shall be rounded up to the next higherwhole
8.2.4| Method of sampling
The ifcrements to be taken from each truck or wagon shall be taken from’locations spaq

as po
increl

the

the in

Care
the fu

8.3

In sit
samp
do no
regar
of ore
samp
down
samp
the p1

9

Stopp
samp
mois

bsible over the surface of the ore in the truck or wagon using a spear sampler or an
ments represent almost uniform masses of ore. It is essential that each increment i

full depth of ore in the truck or wagon, and that the full yeftical column of ore is §

shall be taken when using spear samplers, becauseZinternal friction within the probg
1l vertical column from being collected.

Sampling from ships, stockpiles and bunkers

h sampling of ships, stockpiles and bunKers is not permitted, because it is impossiblg
ing device down to the bottom and\extract the full column of ore. Consequently, all p
L have an equal opportunity of being sampled. A sample taken from the top or sides o}
ded as representative of the whole ship, stockpile or bunker, particularly when the lot
from more than one sourceye.g. if increments are taken from a 10 m high stockpile

to that depth, i.e. a 2m thick shell on the surface of the stockpile. The only effective
ing from a conveyorbelt during transfer of the ore to or from the ship, stockpile or
ocedures described in Clause 7.

Stopped-belt reference sampling

ed-belt sampling is the accepted method for obtaining a reference sample against
ing procedures may be compared. However, special care is required if the san

humber.

ed as evenly
huger so that
5 taken from
extracted for

crement to be representative. If these conditions are ngt met, the sampling procedure does not
conform to this document.

can prevent

e to drive the
arts of the lot
hly cannot be
is composed
1sing a spear

er that penetrates to adepth of 2 m only, the resultant sample can only be representative of ore

procedure is
bunker using

which other
iples are for

TE€ deterMIination, Decause MOIStUre Mmay be 105t WiTite the Teference Sampie 15 b

from the conveyor.

The procedure for sampling from a stopped-belt is as follows:

a)
b)

c)

determine the parameters for sampling in accordance with 4.2;

ing removed

stop the belt at the mass or time intervals determined in accordance with 6.1.4 or 6.2.4;

at each stoppage, place a suitably profiled sampling frame (see Figure 6) with minimum internal
dimensions of 3 times the nominal top size of the ore or 30 mm, whichever is the greater, across the
width of the stationary belt, and insert it through the ore so that it is in contact with the belt across

its full width;
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d) should apy ore particles obstruct insertion of the sampling frame, push those at the left-hand edge
of the frame into the increment and those at the right-hand edge of the frame out of the increment;

e) remove the ore within the sampling frame in the shortest possible time to minimize moisture loss,
ensuring that all ore particles are collected by sweeping the belt clean, and deposit each incr¢gment
into a sujitable container;

f) if paired comparisons are required on an increment-by-increment, basis, keep the increments
separatg;

g) if the quplity of the lot is required, combine the increments into-partial samples or a gross sample
in accordlance with 10.2;

h) store the increments, partial samples or gross samples in labelled containers as specified in
Clause 1

=

If it is not prjacticable to use the stopped-belt methed, one of the schemes described in Annex  may
be used.

10 Sample preparation
10.1 Fundamentals

10.1.1 General

Sample preppration is carried out in a number of stages, each stage consisting of a series of dryng (if
necessary), drushing, mixing and division operations.

Sample preparation-shall be carried out in such a manner that there will be no contamination or
introduction|of materials other than the sample and no change in its quality. In particular, the molsture
sample shallpekept in an airtight, non-absorbent container in order to avoid any change in its molsture
content.

Checking experiments for precision and bias shall be carried out regularly in the sample preparation
process, so that any significant errors in the procedure may be detected.

Sample preparation prior to the test sample stage may be conducted on each increment, on each partial
sample constituted from increments, or on the gross sample constituted from partial samples or
increments.

The gross sample is constituted from all the increments or partial samples, either as-taken or after
having been prepared individually to an appropriate stage of division.

Partial samples are constituted from two or more increments, either as-taken or after having been
prepared individually to an appropriate stage of division.
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An example of a sample preparation scheme for constituting partial samples from increments and a
gross sample from partial samples is given in Figure 7.

Increment

Increment

—| First partial sample I—

Increment

Increment

r 1 1
T T T T

Increment

Increment

Increment

Increment

—| Second partial sample |—

Increment

| Lot I— —| Gross sample

1L
J

Increment

Increment

Increment

—| Last partial sample |—

Increment

Increment

oL
T T T

In€rément

Figure 7 — Example of a-sample preparation scheme showing constitution of partipl samples
froniincrements and a gross sample from partial samples

10.1.2 Drying

Wher] the sample is very wet or sticky and sample preparation cannot be carried out, the|sample shall
be dried-at or below a temperature of 105 °C so that sample preparation may then be carriedl out without

d'ff' 1 I rat 1 10 £
HITIcurtyrormotsture sampres; See oG-

10.1.3 Crushing and grinding

Crushing and grinding shall be conducted with equipment that is suitable for the size and hardness of
the ore particles. The crusher and grinder shall be purged with ore from the same source.

10.1.4 Mixing

Depending on the method of mixing and the ore characteristics, mixing the sample may make it
more homogeneous and consequently reduce the errors in sample division. The need for mixing is
particularly important when samples from more than one source are combined. Where possible, the
sample processing scheme should be designed so that the need for mixing is minimized, because it may
have the opposite effect to that intended and may lead to increased segregation.
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Mixing of moisture samples may result in moisture loss and hence bias, so moisture samples shall not
be mixed prior to division.

Examples of suitable mixing methods include

a) mechani

cal mixers such as a V-mixer, and

b) passing the sample through a riffle or preferably a rotary sample divider at least three times in
succession, recombining the portions after each pass. Dust losses shall be minimized.

NOTE
effect to thati

ntended, and can lead to increased segregation.

Some methods of hand mixing, for example forming and reforming a conical pile, can have the opposite

10.1.5 Divi

10.1.5.1 Ge

Division sha
reduce the s

To obtain th
considered:

a) nominal

b) minimu

determired (see 10.1.6).

10.1.5.2 Mg

One or more

a) mechanical increment division (see 10.3.1);

b) other me

c¢) manual dlivision (see 10.4).

10.1.5.3 Ty
When severd

samples or 4
constant-ma

10.1.5.4 Ty

sion

neral

| be carried out on the sample, crushed if necessary to an appropriate particle si
mple mass.

e specified precision of sample preparation, the following aspects of division sh

top size of the sample to be divided;

mass of the sample after division, specified for-each quality characteristic

thod of division

of the following methods of division shdll be conducted individually or jointly:

chanical division methods (e.g. mechanically charged riffle divider, see 10.3.2);

pes of division

1l increments ©Orypartial samples are prepared individually and constituted into p
gross sample;-the division of increments or partial samples shall be conducted eit}
5s division\ar by proportional division subject to the conditions set out in 10.2.2 and 1

ze, to

a1l be

to be

artial
ler by
0.2.3.

pesiof divider

Acceptable typesof mechamnicat dividersinclude tutter-chute; stotted bett; chaimbucket, Totary s

rotary plate,

34

rotary cutter, chute type and mechanically charged riffle (see 10.3.2).

mple,
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10.1.6 Mass of divided sample
10.1.6.1 Division of chemical analysis and moisture samples

10.1.6.1.1 Division of gross sample

When a gross sample is divided for subsequent analysis, the minimum mass of the divided sample,
msg, in kilograms, is given by Formula (19), which is based on the minimum mass formula derived in
Reference [1]:

0,00032d%°
T (19)
Op
wher¢
d is the nominal top size of the sample, in millimetres;
op is the desired standard deviation of sample division, in % Fe;which is the majdr component

of the standard deviation of sample preparation, op, for a givénh sample preparjtion stage.

The gross sample shall not be divided further than the mass givefirtby Formula (19) for thg nominal top
size of the sample until it is crushed to a smaller particle size,stibject to an absolute minirpum of 500 g
to satfisfy the requirements for preparation of test samples for chemical analysis (see 10.5)} Preparation
of tesf samples for moisture determination is set out in 10:6.

Exampples of minimum divided-gross-sample masses‘given by Formula (19), for a divisjon standard
deviafion of 0,1 % Fe and 0,05 % Fe, and typical neminal top sizes are given in Table 4. The standard
deviafion of division op applies to each sample.division stage, and the variances are additive for the
sample division scheme selected.

Taple 4 — Examples of minimum mass of divided gross sample for moisture determination
and/or chemical analysis

Nominal top size Minimum mass of divided gross sample
mm kg
op=0,1% Fe op =0,05 % Fe
40 325 1300
31,5 180 710
22,4 75 300
10 10 40
6,3 3,2 13
2,8 0,5 1,7
<14 0,5 0,5
NOTE Additional sample mass is required if gross samples are used for both chemical analysis and moisture

determination.

10.1.6.1.2 Division of individual increments or partial samples

When increments or partial samples are divided, the division shall be carried out ensuring that the
cumulative mass shall be not less than the minimum divided-gross-sample mass given by Formula (19)
or Table 4. However, the overall precision of analysis of individual increments or individual partial
samples will be poorer than the overall precision of analysis of the correctly constituted gross sample,
because the number of increments constituting the samples is less than for the gross sample and the
sample masses are less than the minimum mass of divided gross sample. The standard deviation of
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division op applies to each sample division stage, and the variances are additive for the sample division
scheme selected.

10.1.6.2 Division of size samples

10.1.6.2.1 General

The division of the size sample shall be carried out in accordance with Table 5. If the percentage of
the size fraction varies from that specified in Table 5, the minimum mass specified in Table 5 shall be
modified in accordance with Formula (20).

When the type of iron ore and Specification-size fraction vary from that given in lable 5, Annex [J shall
be used to d¢termine the minimum sample mass.
10.1.6.2.2 Division of gross sample
When the gfoss sample is divided, the mass of the divided gross sample shall not be less thgn the
minimum spgcified in Table 5.
Bias is easilyl introduced in the division of a size sample and hence particular.care shall be taken|when
dividing a sigze sample. When 200 mm nominal top size ore is divided, manualincrement division should
not be used, pecause segregation is likely to be a serious problem.
Table 5 — Examples of minimum mass of divided gross sample for size determination usfng
other mechanical division methods (see 10.3.2.1)
Type of iroh ore 200 mm 50 mm -31,5+6,3mm/| Sinter feed Pellet feed Pellelts
nominal top | nominal top sized ore
size ore size ore
Typical spegifica- -10 mm -10 mm -6,3 mm +6,3 mm +45 um -6,3 mm
tion-size frdction
Average percent- 20 20 10 10 30 5
age of the kize
fractiog
Mass of lot Minimum mass of divided gross sample, m3, and sample preparation and measurenjent
t precision. Spm
Over Up to m3 | e m3 | Bem | m3 | fpm | m3 | Bem | m3 | Bem | m3 | |BpMm
kg Y% kg % kg % kg % kg % kg %
340000 1100—3,0 270 2,9 120 1,5 8,0 1,5 0,5 1,6 250 | 10,50
270000 | 34{0 000 | 1<080 | 3,0 250 3,0 120 1,5 8,0 1,5 0,5 1,6 250 | 10,50
210000 | 27Pp 00041 010 | 3,1 230 3,1 110 1,6 7,0 1,6 0,5 1,7 240 | 10,51
150 000 | 21p0600 | 950 3,2 220 3,2 110 1,6 7,0 1,6 0,5 1,7 240 | 10,51
100 000 | 15660071890 373 210 373 10 16 7,0 1,6 0,5 1.8 230 0,52
70000 | 100000 | 840 34 190 34 95 1,7 6,0 1,7 0,5 19 215 | 0,54
45000 | 70000 790 3,5 180 3,5 95 1,7 6,0 1,7 0,5 1,9 215 | 0,54
30000 | 45000 750 3,6 170 3,6 85 1,8 5,0 1,8 0,5 2,0 210 | 0,55
15000 | 30000 670 3,8 150 3,8 75 1,9 5,0 19 0,5 2,1 210 | 0,55
15000 530 4,3 120 4,3 60 2,2 4,0 2,2 0,5 2,4 145 | 0,66
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When the actual percentage of the size fraction is considerably higher than that specified in Table 5, the
minimum mass, m3, specified in Table 5 shall be revised using Formula (20) based on the binomial rule:

P(100-P) 20)
my =My X———————
4T Py (100-Py)
where
ms is the revised minimum mass, in kilograms, of the divided gross sample;
m3 is the minimum mass, in kilograms, of the divided gross sample specified in Table 5;
P| isthe actual percentage of the size fraction, which is considerably higher than thalt specified in
Table 5;
Pp is the percentage of the size fraction specified in Table 5.
The greater of m3 and my4 shall be used.
For example, for a lot of 40 000 t of 200 mm nominal top size ore, if\the percentage of|the =10 mm
fractipn is about 50 %, the minimum mass of the divided gross sample'shall be revised as follows:
50(100-50)
My = Xx—— = =1 175kg
20(100-20)
10.1.6.2.3 Division of increment or partial sample

Wher

cumuflative mass shall not be less than the minimum divided sample mass given by For]

Table
partiz
const
the g
the pg
Table

10.1.

The minimum mass-of-the sample for physical testing shall be determined from the test 1

and t
samp
densi
testin

increments or partial samples are divided;,the division shall be carried out ensu

5. However, the overall precision of size determination of individual increments
11 samples will be poorer than the-overall precision of size determination of t
tuted gross sample, because the-number of increments constituting the samples is
ross sample and the sample masses are less than the minimum mass of divided gra
brcentage of the size fraction varies from that specified in Table 5, the minimum mas
5 shall be modified in acdondance with Formula (20).

b.3 Division of samples for physical testing

he required<physical and metallurgical properties to be determined. In general, e
e for the bulk density test, samples for physical testing shall weigh at least 500 kg. W
Ly test is.carried out in accordance with Method 1 of ISO 3852, the mass of the sampl
g shdll-be equal to at least the test sample mass of 600 kg.

When

ring that the
mula (20) or
br individual
he correctly
less than for
ss sample. If
5 specified in

equirements
kcept for the
hen the bulk
e for physical

determining the physical and metallurgical properties of a lot in accordance with|

the relevant

International Standards, the precision of sample preparation and measurement, Spym, shall attain the
values specified in Table 6.

10.1.7 Split use and multiple use of sample

A sample taken from a lot and meeting the specific requirements for the determination of several
quality characteristics may be subjected to split or multiple use to obtain test samples for chemical
analysis, moisture determination, size determination and physical testing (see Figure 12 for further
details).
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Table 6 — Precision of sample preparation and measurement for physical tests

Type of test International Precision, fpy
Standard
Pellets | Sinter |Lump ore

Tumble and abrasion indices IS0 3271
Al - Abrasion index (%) 0,4 0,5 0,5
TI - Tumble index (%) 0,5 0,5 0,6
Bulk density — Method 1 ISO 3852
pb - (kg/m3) 0,1 0,2 0,2
Reducibility|by rate of reduction index ISO 4695
Rt - Degree of reduction 0,05 0,1 g1
Low-temperpture reduction-disintegration indices by 1SO 4696-1
static method — Part 1: Reaction with CO, CO2, Hz and N2
RDI-1-3,15 (% 3,0 4,0 40
Low-temperpture reduction-disintegration indices by ISO 4696-2
static methold — Part 2: Reaction with CO and N2
RDI-2-2,8 (%) 8,0 4,0 4,0
Pellets for BF feedstocks — Free-swelling index ISO 4698
VEs (%) 3,0 NA NA
Pellets for BF and DR feedstocks — Crushing strength 1S04700
CS (daN/pelldt) 27,0 NA NA
Reducibility|by final degree of reduction index ISO 7215
Rf - Final degree of reduction (%) 3,0 3,0 5,0
Reduction upder load ISO 7992
Ap 80 (kPa) 6,0 NA 4,0
Decrepitatign index IS0 8371
DI_¢, 3 index (Po) NA NA 5,0
Pellets for DR feedstocks — Clusteringindex ISO 11256
CI - cluster irfdex (%) 3,0 NA NA
DR feedstocks — Low-temperature reduction-disintegra- ISO 11257
tion index and degree of metallization
RDIpR - Reduction-disintegrdtion index (%) 1,5 NA 3,0
M - Degree of metallizatien‘(%) 2,0 NA 3
DR feedstocks — Redugcibility index, final degree of reduc-| [SO 11258
tion and degjree of metallization
Rgp - Final ddgreeof reduction (%) 2,5 NA 4,0
Low-temperktul ereduction=disintegratiomindicesby 15613936
dynamic method
LTDu+6,3 (%) 3,0 NA 3,5
LTD_o,5 (%) 1,0 NA 2,0

NA = Not applicable
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10.2 Method of constituting partial samples or a gross sample

10.2.1 General

According to measurement requirements, a gross sample may be constituted for a lot or partial samples
may be constituted for individual parts of the lot. Furthermore, in some cases, in accordance with
sample preparation requirements, it may be necessary to constitute partial samples first and then

constitute a gross sample.

10.2.

10.2.

Whern
or aft
stage

Howe
taken
divid
into
prepd

10.2.

Partid

Whern
carrig

a) if

d

—

b) if

b
10.2.

10.2.

Incre

ivision shall be used;

D

Method of constitution for mass-basis sampling

P.1 Constitution of partial samples or a gross sample from increments

the coefficient of variation of increment masses is less than 20 %, the increments, eif
er having been prepared individually by constant-mass or proportiomal division to ar
may be combined into partial samples or a gross sample.

ver, when the coefficient of variation of increments masses, is.20 % or over, the in
shall not be combined into partial samples or a gross samplég. Individual increments
bd by constant-mass division at a practical stage. The prepared increments may then
artial samples or a gross sample at an appropriate stage. Alternatively, each incre
red prior to the test sample stage and subjected to quiality determination.

P.2 Constitution of a gross sample from partial samples
11 samples constituted in accordance with-10.2.2.1 may be combined into a gross sam

division is carried out on each pantial sample to constitute a gross sample, divi
d out as follows:

the partial samples consist of.an equal number of increments, constant-mass or

e used.
B Method of ¢onstitution for time-basis sampling

8.1 Constitution of partial samples or a gross sample from increments

ments{as-taken may be combined into partial samples or a gross sample, irresp

her as-taken
appropriate

crements as-
shall first be
be combined
ment may be

ple.

sion shall be

proportional

the partial samples consist of different numbers of increments, only proportional division shall

bctive of the

varia

iom of masses of increments. When division is carried out on each increment and

the divided

increments are combined to constitute partial samples or a gross sample, proportional division shall
be used.

10.2.3.2 Constitution of a gross sample from partial samples

Partial samples constituted in accordance with 10.2.3.1 may be combined into a gross sample
irrespective of the variation of masses of partial samples.

However, when division is carried out on each partial sample and the divided partial samples are

comb

ined to constitute a gross sample, proportional division shall be used.
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10.2.4 Special procedure for moisture content

Constitution and collection of moisture test samples for moisture determination shall be such that
changes in moisture content are minimised, including measures to minimise the effects of weather
(heat, humidity and rainfall) and time (evaporation), and may include use of special sample containers
and storage conditions. This will minimise bias and result in better overall precision (including
sampling, sample preparation and moisture determination).

When it takes a long time for loading or unloading a lot, the lot shall be divided into parts corresponding
to not more than 8 h periods. A moisture partial sample shall be constituted representing each part and
a moisture determination shall be carried out. The division into parts shall be subject to the weather
conditions, e.g-heavy rain or high temperature_and other conditions or circumstances at the time of
loading or uploading. However, if the moisture sample containers and the storage conditions’prievent
a change in fhe moisture content of the moisture partial samples, a moisture gross sample*mlay be
prepared for{the whole lot.

Alternatively, for very large lots it is recommended that the lot be divided into the siumber of|parts
shown in Tgble 7 and a separate moisture partial sample be prepared representing each part for
moisture deiermination. This will ensure that each moisture partial sample is eonstituted over a|short
period of tinle, thereby minimizing moisture evaporation from the sample.

Partial samples or a gross sample for moisture determination shall be<constituted by the procpdure
specified in 10.2.2 or 10.2.3.

Table 7 — Minimum number of parts per lot for constituting‘partial samples and number df test
portions per partial sample for moistufre determination

Mass of lot Number of test
t Minimum number po_rtions per Minimum number
of pants per lot partial ls)z;mple to of tests
Over Up to tested

340 (00 20 1 20
270 000 340000 16 1 16
210 000 270000 10 1 10
150 000 210 000 8 1 8
100 000 150000 4 2 8
70 000 100 000 4 2 8

70000 2 4 8

10.3 Mechanical.methods of division

10.3.1 Mechanical increment division

10.3.1.1 General

The samples for chemical analysis, moisture determination, size determination and physical testing
may be divided by mechanical increment division using a cutter-type divider in accordance with the
following conditions.

10.3.1.2 Mass of increment (cut)

The mass of each cut shall be uniform. In order to achieve this, the flow of sample to be divided shall be
uniform and the cutting aperture and speed of the cutter shall be constant.

NOTE Alternatively, a combination of the variable feed rate of the sample and the variable cutter speed can
be considered for taking a uniform cut.

40 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=b32d63c1d9171d32589fd6e4b8e370cb

ISO 3082:2017(E)

The cutting aperture shall be at least 3 times the nominal top size of the sample to be divided or 10 mm,
whichever is greater.

10.3.1.3 Number of increments (cuts)

The number of cuts, nj, for division of increments, partial samples and gross samples should be
determined experimentally from the quality variation, owj, of the stream to be divided and the required
sampling precision, fSs;, for the particular sampling stage, i, using Formula (21):

2
20y,
n:. = > 1 (21)
L Psi)
Howgver, if no information is available on the quality variation for the particular sampling stage, the
followying number of cuts may be used as a starting point:

— djivision of a gross sample:

—+ aminimum of 20;

— diivision of individual partial samples:

—+ for constant-mass division, a minimum of 10;

— for proportional division, a minimum of 10 for the average mass of partial sample
— diivision of individual increment:

—+ for constant-mass division, a minimum of feur;

- for proportional division, a minimum of\five for the average mass of increment.

10.3.1.4 Interval between cuts

Wher] constant mass division is used, the interval between cuts shall be varied according tp the mass of
the sgmple to be divided.

Wher] proportional division is applied, the interval between cuts shall be constant irrespective of the
variafion of masses of samples to be divided.

10.3.1.5 Avoiding bias

To avpid bias, thefirst cut for each sample to be divided shall be taken at a random positi¢n within the
first ipterval.

10.3.1.6- Mass of divided sample

The minimum mass of divided sample shall conform to the requirements of 10.1.6, 10.5 and 10.6.

10.3.2 Other mechanical division methods

10.3.2.1 General

The samples for chemical analysis, moisture determination, size determination and physical testing
may be divided using mechanical dividers other than cutter-type dividers (see 10.1.5.4), in accordance
with the following procedures and division limits.

10.3.2.2 Mass of divided sample

The minimum mass of divided sample shall conform to the requirements of 10.1.6, 10.5 and 10.6.
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10.4 Manual methods of division

10.4.1 Gene

ral

Manual division of samples for chemical analysis, moisture determination, size determination and
physical testing can only be applied to ores of less than 40 mm nominal top size.

10.4.2 Manual increment-division method

10.4.2.1 General

Manual incrgment division is applicable to ore not exceeding 40 mm nominal top size. It shall be'carried

out using an

increment-division scoop of the type and dimensions shown in Figure 8 and“Taple 8.

The scoop shall be flat bottomed and a curved base is not acceptable. However, manual incr¢ment
division shopild not be applied to certain samples such as pellets and sized ores, which roll freely
and/or segrejgate easily. When the pellets have been crushed to a sufficiently small patticle size, mfanual
increment division may be applied satisfactorily.

10.4.2.2 M4

The mass of

Figure 8 — Example of an increment scoop

ss of increment

bach increment shall be as specified in Table 8.

10.4.2.3 Number.ofincrements

The number

pfincrements for manual increment division shall be as specified in Table 9.

42
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Table 8 — Nominal top size, thickness of spread sample, scoop dimensions and increment mass
for manual increment division

Nominal top size | Thickness of | Scoop Dimensions of increment scoop Increment
mm spread sample| number mm mass
mm kg
Over Up to a b c d
31,5 40 80 40D 220 160 220 200 16,3
22[% 3T5 65 3T,5D 180 TZ0 180 150 9,0
10 22,4 50 22,4D 120 100 120 100 3,6
6,B 10 30 10D 75 40 75 60 0,5
2,B 6,3 20 6,3D 50 30 50 40 0,16
1 2,8 15 2,8D 40 25 40 30 0,10
0,p 1 10 1D 25 20 25 20 0,03
o, 0,5 8 0,5D 15 10 15 12 0,006
Q 0,1 5 0,1D 10 6 10 8 0,0015

Table 9 — Number of increments for manual increment and manual strip divjsion

Sample Number of manual increments
Gross sample 20
Partial sample 10
Primary increment 4

10.4.2.4 Mass of divided sample

The nmpinimum mass of divided sample'shall conform to the requirements of 10.1.6, 10.5 and 10.6.

10.4.2.5 Procedure

Manufal increment division.shall be carried out as follows:

a)

%)

bread the samplefo be divided on a smooth and flat plate (non-moisture-absorbing) in the form of
rectangle withniform sample thickness as specified in Table 8;

o8]

b) g[ark a matrix on the spread sample, dividing it into the number of parts correspdnding to the
inimumnumber of increments specified in Table 9;

c)

(%)

bleet an appropriate scoop from Table 8, according to the nominal top size of the ore o be divided,
afd collect oNe INCrement of approximatety equal mass {Tonr each part ot tite matrix (the location
being selected at random in each part);

d) insert a flat bump plate vertically through the spread sample until it comes into contact with
the mixing surface. Then thrust the scoop down to the bottom of the sample layer, and take the
increment by moving the scoop horizontally until its open end comes into contact with the bump
plate, ensuring that all ore particles are collected from the top of the mixing surface;

e) lift the scoop and bump plate together to ensure that no sample is lost from the scoop, thereby
minimizing bias.

When the mass of the divided sample is likely to be smaller than that required for subsequent testing
purposes, the mass of the increment and/or the number of increments shall be increased.
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Figure 9 illustrates the division of a gross sample by the manual increment-division method.

NOTE Manual increment division is suitable for the division of moisture samples.

a) Spread th¢ crushed gross sample into a rectangle b) Arrange in 20 equal parts e.g. into 5 equal parts
with a|thickness as specified in Table 8 lengthwise and 4 equal parts breadthwise

i8

c) Take a scoppful of sample at random from each of d)-Outline of taking an increment by using a bump
the 20 parts|by inserting the scoop to the bottom of: plate as shown in c)
the sample Jayer, and combine the 20 scoopfuls of
sample into a divided sample

Key
1  bump plage

Figure 9 — Example of manual increment division of a gross sample (20 parts)

10.4.3 Manpal strip-division method

10.4.3.1 Geperal

Manual strig division is applicable to ore not exceeding 40 mm nominal top size. It shall be cqrried

t inoc n rhadnua ]l oot vazatly 1Efbay oty +laoccthan +honn dianc dhn ool 4oy oo n fth
Ou uslng a IadIlIfudril tutltiel VV lLll (] \-MLL\'I Cl}.l\.l Lul\, llU\. ICOO LITAdIT LIIT UL UIITIC O UIIC 1IVUIIIIIIdI LUlJ OILTC e

ore to be divided or 10 mm, whichever is the greater, as shown in Figure 10. However, manual strip
division should not be applied to certain samples such as pellets and sized ores, which roll freely and/or
segregate easily. When the pellets have been crushed to a sufficiently small particle size, manual strip
division may be applied satisfactorily.

10.4.3.2 Mass of increment

The mass of each increment shall be as specified in Table 10.
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Table 10 — Nominal top size, height of strip, width of strip, width of manual cutter and
increment mass for manual strip division

Nominal top size Height of strip Width of strip Minimum width of Minimum
manual cutter increment mass
mm mm mm mm kg
Over Up to
31,5 40 195 540 120 16,4
22,4 31,5 160 460 94,5 9,0
10 22,4 120 340 67,2 3,6
6(3 10 70 200 30 0,5
2|8 6,3 50 135 18,9 0,16
| 2,8 25 75 10 D,025
0[5 1 25 75 10 D,025
o)1 0,5 25 75 10 D,025
([ 0,1 8 25 10 (,0025
NOTE The strip width and minimum increment mass are based on thesassumption that the angle of repose

of the [sample is approximately 36° and the bulk density is about 2 600 kg/m3.

10.4.8.3 Number of increments

The number of increments for manual strip division shattbe as specified in Table 9.

10.4.83.4 Mass of divided sample

The nmpinimum mass of divided sample shall cenform to the requirements of 10.1.6, 10.5 an

10.4.8.5 Procedure

Manujal strip division shall be carried out as follows.

a)

where

b)

d 10.6.

Spread the sample to be divided on a smooth and flat plate (non-moisture-absorbing|
f a strip by distributingthe sample along the length of the strip as evenly as poss
randomly from end torend and from both sides of the strip. The height and width of
specified in Table=10; the length of the strip, I5, in metres, being determined by the
sample to be dividéd as given by Formula (22):

=)

_2mx108

[
1 Polsly

in the form
ble, working
the strip are
mass of the

(22)

m is the mass of sample to be divided, in kilograms;

pp is the bulk density of the sample, in kilograms per cubic metre;

lg  is the width of the strip, in millimetres;

I7  is the height of the strip, in millimetres.

End plates may be used to ensure that size segregation only occurs laterally.

Increments shall be taken as a complete section across the strip using a manual cut

ter, ensuring

that no sample is lost from the cutter, thereby minimizing bias. The width of each cross-section
shall be not less than 3 times the nominal top size of the ore or 10 mm, whichever is the greater, as

specified in Table 10.
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c) Take the number of increments specified in Table 9.

When the mass of the divided sample is likely to be smaller than that required to conform to the
requirements of 10.1.6 or for subsequent testing purposes, the mass of the increments and/or the
number of increments shall be increased.

Figure 10 illustrates the division of a gross sample by the manual strip-division method.

NOTE Manual strip division is not suitable for division of moisture samples.

Key
1 increment 37 end plates
2 manual clitter

Figure 10 — Strip-division method

10.4.4 Manpal riffle-division\method

10.4.4.1 Geperal

Manual rifflq divisiemis applicable to ore not exceeding 40 mm nominal top size. It shall be carri¢d out
in accordande witlhithe procedures specified below. Riffle dividers are the most satisfactory type of
manual dividetAfor pellets and sized ore.

10.4.4.2 Selection of riffle divider

An appropriate riffle divider as specified in Table 11 shall be selected to match the nominal top size of
the ore. Details on the dimensions and design of riffles may be found in Annex E.

10.4.4.3 Mass of divided sample

The minimum mass of divided sample shall conform to the requirements of 10.1.6, 10.5 and 10.6.
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Table 11 — Nominal top size of sample and size of riffle divider

Nominal top size Riffle divider number Riffle opening
mm mm

Over Up to

31,5 40,0 90 90+1

22,4 31,5 60 60+1

16,0 22,4 50 501

10,0 16,0 30 301

5,00 100 20 20+ 1

2,80 5,00 10 10'£)0,5
2,80 6 6+(,5

10.4.

After
samp
riffle)

Care
NOTE

prior {

10.5

10.5.

An eX
show
or 16
50 g1
Howe

1.4 Procedure

mixing, place the sample to be divided in a container and divide it into two parts by
e uniformly with light shaking of the container into the middle of'the riffles (at right
. One of the two divided samples should be selected at random in©order to avoid introdu

hall be taken not to leave any material remaining in the slots of the riffle divider.

Manual riffle division is suitable for division of moisture samples, provided that ther
o division and the number of division steps is minimized.

Preparation of test samples for chemical analysis

I Mass and particle size

ample of a sample preparation schéme suitable for preparation of chemical analys
h in Figure 11. The particle siz€ of the test sample for chemical analysis shall be el
) um nominal top size. The preferred method is to prepare a test sample for chemic
ninimum and 100 pm nomifial'top size from the divided gross sample of 250 pm nom
ver, if an appropriate grinder is utilized, a test sample for chemical analysis of eith

160 wm nominal top size can be prepared directly from a sample coarser than 250 pm nom

e.g. 2

8 mm nominal size(see Figure 11), provided the sample masses conform to Table 4.

dropping the
angles to the
cing any bias.

b IS no mixing

is samples is
ther 100 um
hl analysis of
inal top size.
er 100 um or
inal top size,
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Primary increments

? 20 51

122 91

122 91

First partial Second partial Last partial
sample sample sample
First test sample for Second test sample Last test sample for
size detefmination for size determination size determination
and subsequent and subsequent and subsequent
physica] testing physical testing physical testing
Crush, if necessary Crush, if necessary Crush, if necessary,
First tesf sample Second test sample Last test sample
for mdisture for moisture for moisture
determfination determination determination
Sample for Sample for Sample for
chemical analysis chemical analysis chemical analysis

Gross sample

Crush to 2,8 mm nominal top size
Divlide
Crush to 250 um nominal top size
|
Divide

Dry if necessary

Sée 10.5.1

Crush to 100 pm nominal top size

Increment division method

Test sample for chemical
analysis, each 50 g minimum

r Case 1in Figure 12

Figure 11 — Example of a sample preparation scheme for chemical analysis, moisture, size and
physical testing samples where size analysis samples are subsequently used for physical testing

However, for ores containing more than 2,5 % combined water and/or oxidizable compounds, where
excessive grinding would affect the result, the test sample for chemical analysis shall be 160 um
nominal top size and 100 g minimum in mass.
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The preparation of test samples for chemical analysis can be carried out in one of three ways as shown

in Figure 12.

During preparation of ores which contain significant amounts of combined water and/or oxidizable
compounds, special precautions should be taken to ensure that the grinding process does not
generate excessive heat which could significantly change the chemical composition of the ore. Special
precautions include

a) reducing the grinding time by grinding smaller charges,

b) use of a single-pass straight-through type of grinder, and

C) gl mEhng for the minimuim time to obtain the requlrea nominal fOp S1ze.

Grinding with an agate pestle and mortar or other suitable manual techniques should
nce purposes.

referd

Case 1

| Gross sample |

Case 2

| Gross sample |

Case 3

| Gross-sample |

See 10.5.1 See 10.5.1 See10:5.1
[—— [—— [——
I 500 g and over | 500 g and over | 500 g and over
i | 250 pm nominal i | 250 pm nominal i | 250 pm nominal
! top size | top size | top size
L— L— L—
Grind to 100 um Grindto 160 pm Grind to 160 pm
nominal top size nominal top size nominal top size
* * * * * * * *
50 50 50 100 {100 (100 [100] |J100| |100( |100( [100
g g g g g g g g g g

Grind to 100 pm  Grind to 100 pm
nominal top size nominal top size

*

*

50g
and over

and over

50g

Key

*

®

sealed samples

I

®

®

Figure 12 — Preparation of test samples for chemical analysis
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10.5.2 Preparation to 250 pm nominal top size

If each increment, each partial sample or the gross sample is ground to 250 pum nominal top size, this
shall be carried out by repeated crushing, grinding and division in accordance with 10.3 or 10.4. When
the division is conducted on individual increments or partial samples before constitution of a gross
sample, the gross sample shall be obtained, at a certain stage of the division, by combining quantities
proportional to the mass of the individual increment or partial sample. After drying if necessary, the
sample of 250 pm nominal top size shall be ground to 160 pm or 100 pm nominal top size.

The mass of the 250 pm nominal top size sample shall be sufficient to generate the required number of

exchange samples.

10.5.3 Finah preparation

10.5.3.1 Ca

The 250 um
in 10.5.1, sha
minimum, sh|

10.5.3.2 Ca

be 1
nominal top size sample, or alternatively the sample of coarser nominal tep’size as sp¢

|1 be ground to 100 pm nominal top size. A set of not less than four test'samples, each ¢
all be prepared from the 100 pm nominal top size sample by an apprepriate division m¢

5e 2

The 250 um pominal top size sample, or alternatively the sample of coarser nominal top size as spe

in 10.5.1, sh{
100 g minim
method. Thd
nominal top

10.5.3.3 Ca

1l be ground to 160 pm nominal top size. A set of not\less than four test samples, e
im, shall be prepared from the 160 pm nominal top,size sample by an appropriate di}

test samples for chemical analysis sent to theé laboratory shall be ground to 10
Size.

5e 3

The 250 um pominal top size sample, or alternatively the sample of coarser nominal top size as spe

in 10.5.1, sha
100 g minim
method. The
particle size,

1l be ground to 160 pm nominal top size. A set of not less than four test samples, e
im, shall be prepared from the'160 pm nominal top size sample by an appropriate di}
test samples for chemical.analysis sent to the laboratory shall not be ground to any

10.5.4 Grinding to 100 pm 01’160 pum nominal top size

10.5.4.1 Ge

When the 25
160 um nom

10.5.4.2 Ty

neral

D um nominal top size sample or sample of coarser nominal top size is ground to 100
nal topSize, the procedure described below shall be used.

cified
f50g
rthod.

cified
hch of
yision
0 pm

cified
hch of
yision
finer

lLm or

e-of grinder

Several types of grinders may be used to grind the sample for chemical analysis to 160 pm or 100 um

nominal top

size, such as a top grinder, a pot mill or a ring mill.

10.5.4.3 Selection of material of construction for grinder

The selection of material for the grinder is one of the most important considerations to be given, so that

the chemical

composition of the sample does not change during the grinding operation.

It is recommended that an experiment be carried out, in accordance with ISO 3086, to check whether
bias in chemical composition has been introduced by the grinding operation.
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10.5.4.4 Dry grinding

The whole of the 250 um nominal top size sample or sample of coarser nominal top size for chemical
analysis should be ground at one time to 100 um or 160 um nominal top size using an appropriate
grinder. When the grinding of the sample cannot be carried out at one time, the sample may be divided
into a number of parts for separate grinding. After all the divided parts have been ground to 100 pm or
160 pm nominal top size, they shall be mixed thoroughly in a suitable mixer. Samples for finer grinding
shall not be screened into oversize and undersize fractions, for example plus and minus 100 pm
fractions, to carry out the grinding on the oversize fraction only.

Impact-type mills should be avoided for ore containing materials which have an extraordinarily
different grind;\hi]ify to the constituent iron minerals _such as grains of gquartz and Frqgm nts of shale,

becayse of the tendency for selective grinding.

10.5.4.5 Wet grinding

Whern
a sho
with

the sample for chemical analysis is cohesive in the vibrating mill during\finer grindi
‘ter grinding time is preferable to avoid oxidation of the samples, wetgrinding in a y
h chemical medium of n-hexane is permissible.

hg, and when
ibrating mill

10.5.5 Distribution of samples for chemical analysis

A set pfnotless than four test samples for chemical analysis shall be prepared in accordance with 10.5.3.

The t
shall

bst samples to be distributed, e.g. to the seller, purchaser, referee and if required he
be placed in suitable containers, tightly sealed, and clearly marked in accordance wit

10.6 |Preparation of test samples for moisture determination

In ma
each

ss-basis sampling, the test sample for moisture determination may be taken from eag
partial sample or the gross sample. When it is difficult to conduct crushing and divid
a sample being adhesive or excessively wet; the sample may be predried in accordance w|
In time-basis sampling, the test sampleymay also be taken from each increment, partial g
gross|sample provided that in each case’sufficient mass is obtained to constitute the requir
test

Moistjure samples shall be képt in airtight, non-absorbent containers to avoid any changg
prior fto the determination(of moisture content in accordance with ISO 3087.

The nlominal top sizeCef the moisture test sample shall be 31,5 mm or less, as specified
Samp]es with a nemjnal top size greater than 31,5 mm shall be crushed prior to extrg
samples for moistire determination. When it is difficult to conduct crushing and dividin
sampl|e being.adhesive or excessively wet, the sample may be predried in accordance with

A chefk js necommended to determine whether the 10 mm nominal top size test sample i

d in reserve,
h Clause 11.

h increment,
ing owing to
ith ISO 3087.
ample or the
ed number of

rtions. An example of a sample preparation scheme for moisture samples is shown in Figure 11.

in moisture

in ISO 3087.
ction of test
g owing to a
[SO 3087.

biased with

respejct-to the 22,4 mm or 31,5 mm nominal top size test sample.

The first stage of division shall be carried out in accordance with the rules of division specified
in 10.3 or 10.4. Then to obtain a test portion of 10 kg minimum for 31,5 mm nominal top size, 5 kg
minimum for 22,4 mm nominal top size or 1 kg minimum for 10 mm nominal top size, an appropriate
method of division specified in 10.3 or 10.4 shall be used. When extracting test portions for moisture
determination, the minimum mass of divided sample given in Table 4 and calculated by Formula (19) no
longer applies. However, the test portions thus obtained shall not be used for preparation of samples for
chemical analysis.

Preparation of test samples for moisture determination shall be carried out carefully, but quickly, to
avoid moisture evaporation. The remainder of the sample may be used for preparation of a sample for
chemical analysis.

NOTE Instead of preparing one test sample of 10 kg minimum at 31,5 mm nominal top size, two test portions
of 5 kg minimum, each, can be prepared by dividing the test sample of 10 kg minimum into two parts.
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It is recommended that moisture test samples be prepared by mechanical increment division, manual
increment division or riffle division as specified in 10.3, 10.4.2 and 10.4.4 to minimize moisture
evaporation. A scoop number, one or two ranks smaller than that specified in Table 8, may be used for
this purpose for ores of nominal top size 31,5 mm, 22,4 mm, 10 mm or under. However, the test sample
thus obtained shall not be used for preparation of a sample for chemical analysis.

The mass of the test portion shall be determined immediately. When the immediate determination of
mass is not possible, the test portion shall be packed tightly in a moisture-proof container and kept in
an environment that has approximately constant temperature and humidity.

The relationship between each increment or partial sample and each part (by mass) of the lot shall be
recorded.

The number pf test portions for moisture determination should be as specified in Table 12.

Table 12 — Number of test portions for moisture determination

Preparation of test sample Number of partial samples perlot| Number of test portions to|be
tested
From gross sample — 4
From partial sample 2 4
3to7 2
>8 1
From increment — 1

10.7 Preparation of test samples for size determination

Each increnjent, each partial sample or the gross™~sample taken for size determination, dr the
divided sample obtained by division of the size sample without crushing, shall be used and thg size
determinatign shall be carried out in accordance-with the method specified in ISO 4701.

10.8 Preparation of test samples for physical testing
10.8.1 Seleftion of sample preparation procedure

10.8.1.1 Geperal

Selection of|the sample/préparation procedure for physical testing shall take into consideration
the sample greparationapparatus and sample requirements. Test sieves shall have square opgnings
and shall conform te‘the requirements of ISO 3310-1 and ISO 3310-2. Examples of suitable scliemes
for extractiop of samples for physical testing involving both split use and multiple use of samplgs are
described in|10.8:1'.2 and 10.8.1.3.

10.8.1.2 Split use of sample

Split each partial sample into four parts and use one part for physical testing and the other three parts
for determination of chemical composition, moisture content and size distribution [see Figure 13 a)].

10.8.1.3 Combination of split use and multiple use of sample

Split each partial sample into two parts and use one part for size analysis and subsequent physical
testing, and the other part for preparation of moisture and chemical analysis samples [see Figure 13 b)].
If the size analysis requires drying before sieving, this sample shall not be used for decrepitation
testing, which involves sieving before drying. The moisture sample may also be used subsequently for
physical testing, except for decrepitation tests [see Figure 13 c]].
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[o]

Partial sample

Division

Division

Division

ISO 3082:2017(E)

Moisture sample

Chemicalanalusis
o4

sample

Size sample

Samule for
T

physical testing

Increments

LITT]

Partial sample

Division

a) Split use of partial sample

Size sample

Size analysis

Division

Sample for physical testing,
except for decrepitation testing
if the size sample is dried

Moisture sample

Chemical analysis

sample

b)
and

analysis)
Increments
[ 1

Partial sample

Multiple use of one part of the partial sample (for size distribution and physicj
split use of the other part of the partial sample (for moisture determination a

Division
Size sample Division
Moisture sample
Size analysis Division Moisture determination
Sample for physical testing, Sample for physical

if the size sample is dried

except for decrepitation testing

Chemical analysis
sample

testing, except for
decrepitation testing

c) Preparation of two samples for physical testing

I testing)
d chemical

Figure 13 — Examples of schemes for preparation of samples for physical testing
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10.8.2 Extraction of test samples

10.8.2.1 General

The sample for physical testing shall be divided in accordance with 10.3 or 10.4 to prepare test samples
for determination of physical properties, irrespective of the minimum mass rules specified in 10.1.6.
However, whatever division method is used, it should be demonstrated that the precision detailed in
Table 6 is obtained using the procedures outlined in ISO 3085.

The sample for physical testing shall be divided into two parts; one for the preparation of test samples
for the specified physical properties (Sample A) and the other for retention as a reserve sample [see

Figure 14 a)]

When the bu
be divided in
and the othe
than for bull
the reserve s

Sample A shi
tests [see Fig

a) Ex

|k density test is carried out, the sample for physical testing (approximately 1 200 kg]
to two parts: one for preparation of the bulk density test sample (approximately 6(
" for further division into two parts, i.e. one for preparation of physical test samples
¢ density determination (approximately 300 kg, Sample A) and the other)for retent

ample [see Figure 14 b)].

ure 14 b)].

|Sample for physical testingl
| Approx. 500 kg
Division
| |

Reserve sample

Sample A

Sample A1 foy Sample A2 for
tumble testing other physical tests

hmple of preparation of test' samples for determination of physical properties

Sample for physical testing
including bulk density
| Approx. 1200 kg
Division

Division Bulk density test
| sample for method 1

ReEserve sample Sdlple A

Sample A1 for Sample A2 for
tumble testing other physical tests

shall
0 kg)
other
on as

111 be divided into 2 parts: sample Al for tumble testing and sample A2 for other phjysical

b) Example of preparation of test samples for determination of physical properties including

bulk density

Figure 14 — Examples of schemes for preparation of test samples for determination of physical
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10.8.2.2 Test sample for tumble test

10.8.2.2.1 General

Test samples for the tumble test specified in ISO 3271 for pellets, sinter and lump ores shall be prepared
as specified in 10.8.2.2.2 and 10.8.2.2.3.

10.8.2.2.2 Pellets

Dry sample A1 at 105 °C = 5 °C to constant mass and then allow to cool to room temperature. Sieve it
using 40 mm and 6,3 mm sieves. Discard the +40 mm and -6,3 mm fractions. Divide the -40+6,3 mm

fractipn to obtain at Ieast 60 kg for tumble testing [see Figure 15 a]J.

10.8.2.2.3 Sinter and lump ores

Dry spmple A1 at 105 °C £ 5 °C to constant mass and then allow to cool to roofv tempera

using|

+40

ture. Sieve it

40 mm and 10 mm sieves. Discard the +40 mm and -10 mm fractionhs. Divide thel -40+10 mm
fractipn to obtain at least 60 kg for tumble testing [see Figure 15 b)].
Drying (at 105 °C + 5 °C) Drying (at 105 °C + 5 °C)
Sieving Sieving
mm discard -40mm+6,3mm  -6,3 mm discard +40 mm discard  -40 mm + 10 mm -1¢ mm discard
Tumble test sample Tumble test sample
(at least 60 kg) (atleast 60 kg)
a) Example of preparation of pellet samples for b) Example of preparation of sinter and lump
tumble testing ore samples for tumble testing

Figul

10.8.

Whern
testin

e 15 — Examples of schemes for preparation of pellet, sinter and lump ore test
tumble testing

P.3 Test samiple for bulk density test

a bulkdensity test is required using method 1 (small container), divide the samplg
g (approximately 1 200 kg) into two parts to obtain a test sample of at least

samples for

for physical
600 kg [see

Figur

b G4 b)),

10.8.2.4 Test samples for physical tests other than tumble test and bulk density test

10.8.2.4.1 General

The size range and the approximate mass of test sample for each type of test and type of iron ore,
required by the relevant International Standards, are detailed in Table 13.
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10.8.2.4.2 Blast-furnace pellets

Divide sample A2, and set one part aside in reserve. Dry the other sample at 105 °C = 5 °C to constant
mass and sieve it using 16 mm, 12,5 mm and 10 mm sieves. Discard the +16 mm and -10 mm fractions.

NOTE The 16 mm sieve is necessary only when the dynamic low-temperature disintegration (LTD) test is to
be carried out using the -16+12,5 mm fraction.

Mix the -12,5+10 mm fraction and divide to obtain the required test samples for the physical tests. Use
the -12,5+10 mm fraction to obtain the LTD dynamic test sample, or alternatively the -16+12,5 mm

fraction if required (see Figure 16).

The requirerflents foreach testare Hsted I Tabie 13-

Sample A2

Mix
Divide
Rgserve sample Drying (at 1|05 °Cx5°0)
Sieving
I
|
+16 mm Discard -16 +12,5 mm -12,5+ 10 mm -10 mm Discard
|
_
Dynamic Static LTRD Static LTRD Free Reducibility Crushing Relative RUL
LTD test RDI-1 test RDI-2 test swelling test sample strength reducibility test sample
sample sample sample teSt sample test sample test sample
(approx. (approx. (approx: (approx. (approx. (approx. (approx. (approx.
2kg 2 kg) 2 kg) 1kg) 2,5 kg) 1kg) 2,5 kg) 6 kg)
in either
fraction)

Key
LTD Low-temperature djsintegration.
LTRD Low-temperatureteduction-disintegration.

Figure 16 + Examniple of a scheme for preparation of test samples for determination of physical
properties of blast-furnace pellets
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Table 13 — Size range and mass of test samples and test portions for physical tests other than
tumble and bulk density tests

Test Interna- | Appli- | Type of iron ore | Size range of test | Min. | Number of | Approx.
tional | cation sample and test | mass test mass of
Standard | BF/DR portion of test | portions test
sample portions
Reducibility ISO 4695 |BF Pellets/ -12,5+10 mm 2,5kg |4 for test 0,5kg
Sinters/ 1 for chem.
Lump ores
Static LTRD ISO 4696-1 | BF Pellets/ -12,5+10 mm 2,0kg |4 for test 0,5 kg
RDI-], Sinters
Lump ores
Statiq LTRD ISO 4696-2 | BF Pellets -12,5+10 mm 2,0kg |4 fortest 0,5 kg
RDI-2
Sinters/ -20+16 mm
Lump ores
Free-pwelling |ISO 4698 |BF Pellets -12,5+10 mm 10 kg |4 for test 18 pellets
Crushjing ISO 4700 |BF/DR |Pellets -12,5+10 mm 1,0 kg |1 for test 60 or
strength more
pellets
Relat]ve ISO 7215 |BF Pellets -12,5+10anm 2,5kg |4 for test 0,5 kg
redudibility Sinters/ -20+18mm 1 for chem|
Lump ores
RUL test IS0 7992 |BF Pellets/ ~12,5+10 mm 6,0 kg |4 for test 1,2 kg
Lump ores 1 for chem|
Decrgpitation |[ISO 8371 |BF/DR |Lump ores -25+20 mm 50kg |10 fortest| [0,5kg
index
Clustgring [SO 11256 [DR Pellets 50 % -16+12,5 mm | 10,0 kg |4 for test 2,0kg
50 % -12,5+10 mm 1 for chem|.
Disinfegration |ISO 11257 |DR Pellets 50 % -16+12,5mm |2,0 kg |4 for test 0,5 kg
and 50 % -12,5+10 mm
metallization
Lump ores 50 % -20+16 mm
50 % -16+10 mm
Redugibility and [ISO 11258/|DR Pellets 50 % -16+12,5 mm | 2,5 kg |4 for test 0,5 kg
metallization 50 % -12,5+10 mm 1 for chem|.
Lump ores 50 % -20+16 mm
50 % -16+10 mm
Dynapmic LTB [SO 13930 |BF Pellets -16+12,5 mm or 2,0kg |4 for test 0,5 kg
test -12,5+10 mm
Lump ores -12,5+10 mm
LTRD = Low-temperature reduction-disintegration
RUL = Reduction under load
LTD = Low-temperature disintegration
BF = Blast furnace
DR = Direct reduction
Chem. = Chemical analysis
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10.8.2.4.3 Direct-reduction pellets

Divide sample A2, and set one part aside in reserve. Dry the other sample at 105 °C = 5 °C to constant
mass and sieve using 16 mm, 12,5 mm and 10 mm sieves. Discard the +16 mm and - 10 mm fractions

(see Figure 17).

Mix and divide the -16+12,5 mm and -12,5+10 mm fractions, separately. The test samples for clustering,
disintegration and metallization, and reducibility and metallization tests, are constituted from the two
fractions by mixing them on a 1:1 basis by mass. The test sample for crushing strength is constituted

2L 10 £ 5 ]
from the _1‘4 JTIU TN I abtlUll Ulll)’.

The requirerhents for each test are listed in Table 13.

10.8.2.4.4 Sinter and blast-furnace lump ores
Divide sample A2 into three parts and prepare these parts as follows.
Part 1: Set apide in reserve.

Part 2: Dry 4t 105 °C £ 5 °C to constant mass. Divide into three portions,according to the physical tests
to be carried out and prepare these portions as follows (see Figure 18);

Portion|1: This portion is for the static LTRD RDI-1, dynami¢ LTD, reducibility and RUL [tests.
Sieve it fising a 12,5 mm sieve. Crush the +12,5 mm fractipn carefully and sieve it using a 16 mm
sieve. Crjush the +16 mm fraction to -16 mm. Mix the <125 mm and -16 mm fractions and|sieve
the mixtjure using 12,5 mm and 10 mm sieves. Discard.the +12,5 mm and -10 mm fractions. Pivide
the -12,p+10 mm fraction to obtain the required-test samples. Dynamic LTD and RUL tesfs are
applicable only for lump ores.

Portion|2: This portion is for the static LTRD-RDI-2 test. Sieve it using a 20 mm sieve. Crush the
+20 mm| fraction carefully and sieve it gisitig a 22,4 mm sieve. Crush the +22,4 mm fractjon to
-22,4 min. Mix the -20 mm and -22,4 mm-ractions and sieve the mixture using 20 mm and 16 mm
sieves. Discard the +20 mm and -16.mm fractions. If necessary, divide the -20+16 mm fractjon to
obtain the test sample.

Portion|3: This portion is forthe relative reducibility test. Sieve it using 20 mm and 18 mm gieves.
Discard the +20 mm and <#8)mm fractions. If necessary, divide the —20+18 mm fraction to gbtain
the test $ample.

Part 3: Use this part to.obtain the decrepitation test sample. Sieve this part using 25 mm and 20 mm
sieves. Discafd the +25'mm and -20 mm fractions. Oven dry the —25+20 mm fraction at 105 °C + § °C to
constant mass. Scréen the test sample again on a 20 mm sieve to remove any adhering fines and dlivide
it to obtain thefinal test sample for the decrepitation test. Keep the test sample in a desiccator until
testing taked place (see Figure 18).

The requirements for each test are listed in Table 13.

10.8.2.4.5 Direct-reduction lump ores
Divide sample A2 into three parts and prepare these parts as follows.
Part 1: Set aside in reserve.

Part 2: Dry this partat 105 °C £ 5 °C to constant mass. Sieve this part using 20 mm, 16 mm and 10 mm
sieves. Discard the +20 mm and -10 mm fractions. Mix and divide the -20+16 mm and the -16+10 mm
fractions separately. The test samples for disintegration and metallization tests and for reducibility and
metallization tests are constituted from the two fractions by mixing them on a 1:1 basis by mass (see

Figure 19).
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Part 3: Use this part to obtain the decrepitation test sample. Sieve this part using 25 mm and 20 mm
sieves. Discard the +25 mm and -20 mm fractions. Oven dry the —25+20 mm fraction at 105 °C £ 5 °C to
constant mass. Screen the test sample again on a 20 mm sieve to remove any adhering fines and divide
it to obtain the final test sample for the decrepitation test. Keep the test sample in a desiccator until
testing takes place (see Figure 19).

The requirements for each test are listed in Table 13.

10.8.3 Reserve samples

The reserve samples shall be put into sealed containers and kept at least until the test report is accepted

by th auyy}lc1 Cllld lJul LhaDCl.
Sample A2
Mix
Divide
Reserve sample Drying (at 105 °C #5 °€)
Sieving
+16 mm Discard -16 + 12,5 mm *12,5+ 10 mm -10 mm Discard
Clustering Disintegration Reducibility Crushing
test sample and and strength
metallization metallization test sample
test sample test sample
(approx.5'kg (approx. 1 kg (approx. 1,25 kg (approx. 1 kg)
in each fraction) in each fraction) in each fraction)
Figufre 17 — Exampl€ of a scheme for preparation of test samples for determination| of physical
properties of direct-reduction pellets
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Sample A2

Mix
Divide
Part 1 Part 2 Part 3
Reserve sample Drying (at 105 °C £ 5 °C) Sieving
|
|
Divide | |
| +25 mm -25+ 20 -P0 mm
| | | Discard mm Dyiscard
Portion 1 Portion 2 Portion 3 Drying:(af 105 °C £ 5 9C)
| | | tojconstant mass
Sieving Sieving Sieving
| | Sieving on 20 mm
| | | screen to remove
adhering fines
+12,5 mn -12,5 mm +20 mm -20 mm |
. . Decrepitation
Cruslhmg Cruslhmg test sample
Sieving Sieving (=5 kginthe
desiccator
,_L_l ,_l_\ until testing)
+16 mm 16 mm +22,4mm -22,4 mm
—I | | \_'7 +20 mm -20+18 -18 mm
| Discard mm Discard
Mix and sieve Mix and sieve |
| Sieving
+1.2,5 IElm -12,5+ 10 -1.0 mm +2.0 mm -20+ 16 -1_6 mm Relative
Discald mm Discard Discard mm Discard reducibility
| test sample
Static (*2 kg)
LTRD RDI-2
test sample
| | (=2 kg)
Dynamic Static Reducibility RUL
LTD LTRD RDI-1}{ test sample || test sample
test sample || tdst sample
(=2kg) t=2kg) t=2.5kg) {~6kg)

Figure 18 — Example of a scheme for preparation of test samples for determination of physical
properties of sinter and blast-furnace lump ores
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Mix
Divide
Part 1 Part 2 Part 3
Reserve sample Drying (at 105 °C £ 5 °C) Sieving
|
I
Sieving |
| +25 mm -25 +20 20 mm
| | Discard mm Piscard
+20 mm -10 mm |
Discard -20+ 16 mm -16 + 10 mm Discard Dryifg\(at 105 °C + 5 {C)
to constant mass
Sieving on 20 mm
screen to remove
adhering fines
Reducibility and Disintegration Decrepitation
metallization and metallizatidn test sample
test sample test sample
(=5 kg in the
(1,25 kgin (»1kg'in desiccator
each fraction) eachfraction) until testing)
Figufe 19 — Example of a scheme for.preparation of test samples for determination| of physical
properties of direct-reduction lump ores
11 Backing and marking/of samples
The spmples for distribuition shall be tightly sealed in airtight containers. The following information
shoulf be shown on théelabel and on a card placed in the container:
a) type and grade of the ore and name of the lot (name of ship or train, etc.);
b) mnjass ofthe’lot;
c) sample number;
d) place, date and method of sampling;
e) moisture content of the lot;
f) place and date of sample preparation;
g) particle size of the sample;
h) purpose of sampling, e.g. bias test, shipping sample;
i) any other item as necessary.
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Annex A
(informative)

Inspection of mechanical sampling systems

A.1 Purpose of inspections

To ensure reliable operation of mechanical sampling systems and conformance with this documlsnt, it
is recommended that a sampling checklist be developed for each sampling installation withGnput from

the following sources:

a)
b)
c)
d)
e)

the design criteria specified in Clause 7;

sampling equipment operating and maintenance manuals;
management responsible for the system;

personngl operating or maintaining the system;

designer)s and commissioning personnel.

The frequenfy and detail of inspections are determined by_such factors as, but not limited tp, the
reliability of|the sampling system, the handling characteristics of the ore, the frequency of use pf the
system and the purpose of sampling. Operational procedures should be established and inspegtions
carried out immediately before, during and immediately-after using the sampling system for sampling

a given lot.

A.2 Mechanical and operational inspections

It is recommfended that mechanical andwoperational inspections commence at the primary cuttgr and
follow through the system to the final.on-line sample collection point, and that inspections be [made
both with and without ore running through the system. Inspection should include the following checks

to ensure conformance with this decument:

a)

b)
c)

d)

f)

g)

62

that opdrational settings-are correct, taking into account the lot size, the number of primary
increments and the saniple collection interval;

that the futter apeprtures are in good condition and comply with 7.5 and 7.6;

that the| spéed in both directions of all cutters complies with 7.5.5. The cutter speed cpn be
determipédby dividing the distance the cutter travels while in the ore stream by the time required
to travel that distance. For time-based sampling, check that the speed is constant, while for mass-
based sampling check the speed at several flow rates to ensure that the speed is proportional to the
flow rate (variable speed cutter) or constant (fixed speed cutter);

that the speed of all cutters is uniform while in the ore stream;

that the correct number of increments is taken by all cutters. It should also be checked that the
time or mass interval between primary cuts is correct to ensure that the minimum number of
increments is collected for the lot based on the maximum attainable feed rate;

that all cutters are parked out of the ore stream in the parked position and that no ore enters the
cutter in this position. There should be no holes in the baffle plates, dust doors or seals that may
allow ore to enter the primary sample chute or hopper;

that increment masses conform to 5.1.4;
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h) that cutter apertures and sample chutes are clear of ore build up or blockages and that they are
clear of foreign material, such as wood, paper, rags, stones or metal;

i) that belt feeders (sample conveyors) and vibrating feeders are in good condition. The correct
tracking of conveyor belts and the condition of conveyor belts, skirts and belt scrapers are
especially important for sample integrity, so check the flow rate settings of vibrating belt feeders
and that belt scrapers and skirts are adjusted properly to avoid spillages;

j) that crushers are in good condition and that the particle size and mass of crushed products
conforms to design. Variations in product size over time can indicate that maintenance is required
and ensure that there is no spillage from the crusher body and chutes;

k) that the final sample collection system is in good condition. Checks should be made|tp ensure that
hmple integrity is not being compromised through contamination, sample loss or'mojsture loss;

%)

1) that final sample masses conform to Clause 10;

An example of a suitable checklist for a mechanical sampling system is givenrin-Table A.1.

A.3 |Control charts

A.3.1 General

Contrjol charts are very useful for monitoring the performance of sampling systems on an ongoing basis,
partiqularly for the sampling ratio and the extraction ratio.as described in A.3.2 and A.3.3

A.3.2 Sampling ratio

The spmpling ratio (R1) is the actual mass of saniple in kilograms (ma) divided by the mags of material
that if represents in tonnes (msy), as expressed by Formula (A.1):

- 1000m,

Ry (A.])

Mgy,
The shmpling-ratio control chartis'a plot of sampling ratio as a function of increments sanpled.

Sampling-ratio comparisons,should be made only for like system settings (same cutter apefrtures, timer
settings, sub-lot size andmyass flow rate through the system), so a separate control chart i§ required for
each jet of system settings used. Samples with a sampling ratio out of control are suspect gnd should be
investigated for validity. When there is a significant variation in the sampling ratio, the regsons for this
shoulf also be investigated. An example of a sampling-ratio control chart is shown in Figufe A.1.

A.3.3 Extraction ratio

The gxfraction ratio (R2) is the actual mass of the sample in kilograms (mja) divided by the mass of
sample in kKitograms (ic) catcutated from the materiat flow Tate, the frequency of cuts, the cutter
aperture and the cutter speed, as expressed by Formula (A.2):

R, _Ma (A.2)
me

The results should be plotted over many lots so that long-term trends for a particular system can be
monitored (see Figure A.1). When a sampling system is performing correctly, the extraction ratio
should be the unity (1,0). However, when the extraction ratio differs significantly from 1,0, the sampling
system should be investigated.

The extraction ratio is useful in determining whether there are long-term problems with a particular
sampling system. For example, if a cutter speed reduces over several weeks due to a faulty drive, the
mass of sample through the sampling system increases and the long-term extraction-ratio data would
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indicate a problem with the system. When system settings are changed, the extraction ratio is less
likely to change than the sampling ratio, so it is more useful in comparing the performance of different

sampling systems. An example of an extraction-ratio control chart is shown in Figure A.1.

Table A.1 — Example of a checklist for mechanical sampling systems

Company: Date:
Sampler location and identification: Inspector:
1 General information
Observatiom [ Specification Tolerance
(if applicable) | (ifappli¢able)
a) Weathgr conditions
b) Ore type
) Nominpl top size of ore
d) Moisture content
e) Lot sizp
f) Flow rate (maximum and normal)
g) Purpoge of sample
h) Sourceof ore
i) Numbaer of transfer points between sampling point and minimum
point df loading/discharge
i) Total drop height between sampling point and point of minimum
loading/discharge

2 Type df sampling system

Single stage m]

Two stage O

Three stage (m]
3 Primafy cutter

Observation | Specification | Tolerance
(if applicable) | (if appligable)
a) Type of cutter
b) Cutter|drive
) Nominpgl top'size of ore
d) Drop height minimize
e) Periodicity in ore stream minimize
f) Cutter aperture (see 7.5.4) 3d minimum
g) Condition of cutter lips straight and no
significant wear
h) Angle between cutter aperture and stream normal
i) Build-up in cutter aperture and throat not significant
i) Unrestricted flow through cutter no choking or
reflux

k) Cutting full stream and belt scrapings full-stream cut
1) Cutter speed (see 7.5.5) 0,6 m/s max. 5%
m)  Uniform cutter speed (see 7.6) uniform speed 5%
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b)

9
d)

f)
g)
h)

b)
0
d)
e)
f)
g)

Table A.1 (continued)

ISO 3082:2017(E)

Increment mass (see 6.1.1 and 6.2.1) CV<20%
Contamination or loss of sample, including hang-up in not significant
chutes and cutter buckets
Moisture loss not significant
Cutter parks out of ore stream out of stream
Mass or time-basis sampling
Interval between cuts
Number of cuts per lot
Extraction ratio (ratio of actual to calculated incre- 1.0
ment mass)
Primary sample feeder and chutes

Observation | Specification || Tolerance

(if applicable) | (if applicable)

Type of feeder
Feed rate
Tracking of feed conveyors
Chutes no holes
Contamination or loss of sample not significant
Moisture loss not significant
Blockages not significant
Crusher
Crusher product particle size
Secondary cutter

Observation | Specification || Tolerance

(if applicable) | (if applicable)
Type of cutter
Cutter drive
Nominal top size6f ore
Drop height minimize
Periodicity'in ore stream minimize
Cutteraperture (see 7.6) 3d minimum
Condition of cutter lips straight and no
significant wear
Angle between cutter aperture and stream normal
Build-up in cutter aperture and throat not significant
Unrestricted flow through cutter no choking or
reflux
Cutting full stream and belt scrapings full-stream cut
Cutter speed (see 7.6) 0,6 m/s max. 5%
Uniform cutter speed uniform speed 5%
Random start for first secondary cut relative to
primary cutter
Increment mass
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