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International Standard ISO 3082 was prepared by Technical Committee ISO/TC 102,
Iron ores.
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latest edition, unless otherwise stated.

© International Organization for Standardization, 1987 e

Printed in Switzerland




ISO 3082 : 1987 (E)

CO ntents Page
B T~ e < T Y R 1
2  Fieldofapplication ....... ...ttt e e 1
3 ReferenCeS. . ..ot e 1
S - 1o V1T Y 1= 1
5  General procedure for sampling and sample preparation .................. 2
6 Fundamentalsofsampling ......... ... 3
6.1 Overalliprecision Lo . L Vo 3
6.2 Massofincrement. ol ... oo e 4
6.3 Quality variation ...........cooniiiiiiiiiiiii i 4
6.4 ‘Numberofincrementsand precision'of sampling. . .................. 4
7 Methodofsampling .......ccoouiinrt it i 5
7.1 Mass-basis sSampling. . ......c.oviiiiii i e 5
7.2 Time-basissampling . .......c.ccoiiiiiiii i 9
8 Methodofsamplepreparation ...... ... . ittt ns 10
8.1 Fundamentals .........c..uuurriirereneionrereareeeaenaannes 10
8.2 Method of constitution of subsamples oragrosssample ............. 10
8.3 Methodof diViSION . ........oinriiiiii it 13
8.4 Preparation of sample for size determination ....................... 15
8.5 Preparation of sample for moisture determination ................... 15
8.6 Preparation of sample for chemical analysis ........................ 16
8.7 Example of sample preparationprocess. ...t 18

iil



ISO 3082 : 1987 (E)

9 Packingand markingofsample ............ ... .. i, 18
10 Requirements for mechanicalsystems .......... ... .o iiiiiiiiininnn.nn 18
10.1  Basicrequirements .. .....ooiitniii i e e 18
10.2 Safetyofoperators ..........ccoviiiiiiiin i 18
10.3 Robustnessofinstallation ................. ... .. .oii il 18
10.4 Versatilityof application. ......... .. ..o i 20
10.5 System for evaluating the quality variation ....................... 20
10.6  System for checking the precisionandbias............... e 20
10.7 Check experiments ...........ooiviririnniiiniiiiieeniannannns 20
10.8 Operationofsystem..................................,......; 20
109 Emergencymeasures .. .......c..veeviiiiennteennnnneeaninn.. ‘. . 20
10.10 Prevention of contamination of sample and avoiding bias........... 21
10.11 Cleaningandmaintenance. . .......... ... e, 21
11 Installation for mechanicalsystems ... 21
111 Primarysamplers........ . .l N L A0 A S 21
11.2 Equipment for sample preparation ... . 0.0 o AW L KDk Lol 0
11.3 Example of flowsheet forinstallation .............c;.ipe0 06y ... 25
Annexes
A Equation fornumberofincrements ................ i, 29
B Procedure for determining the minimum mass of divided gross sample for
size determination using other mechanical division methods {for example
mechanical riffledivider) ............. . .. 31
C Alternative method of taking the referencesample ............... I 33
D Design critéria of primary sampler for avoiding bias in taking increménts ..... 39




INTERNATIONAL STANDARD

ISO 3082 : 1987 (E)

Iron ores — Increment sampling and sample
preparation — Mechanical method

1 Scope

This International Standard gives
a) the underlying theory;

b} the basic principles for sampling and preparation of
samples; s

¢) the basic requirements for the design, installation and
operation of the sampling system

for mechanical sampling and mechanical preparation of
samples, or combination of mechanical and manual sampling
and preparation of samples, to be taken from a consignment of
an iron ore while being transferred for the purpose of determin-
ing the quality characteristics of the consignment.

The theory and basic principles given herein are similar to those
giyen in 1ISO 3081 and ISO 3083.

This International Standard should be read in conjunction-with
the International Standards listed in clause 3.

2 Field of application

The methods specified are applicable to all iron ores, whether
natural or processed (for example concentrates and ag-
glomerates, such as pellets, sinters or briquettes).

The methods are applicable to both the loading and discharging
of a consignment by means of belt conveyors and other ore
handiing equipment to which a mechanical sampler may be
installed.

Samples are prepared for the determination of the following
quality characteristics: size distribution, moisture content,
chemical composition and physical properties.1)

3 References

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

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

ISO 3084, /ron ores — Experimental methods for evaluation of
quality variation.

1SO 3085, /ron ores — Experimental methods for checking the
precision of sampling.

1SO 3086, /ron ores — Experimental methods for checking the
bias of sampling.

1SO 3087, /ron ores — Determination of moisture content of a
consignment,

ISO 4701, lron ores — Determination of size distribution by
sieving.

4 | Definitions

For, the purpose of this International Standard, the following
definitions apply.

4.1 lot: A definite quantity of an ore, processed or produced
under/conditions/whichare presumed uniform.

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

4.3 increment:

(1) A quantity of an ore taken by a sampling device at one
time from a consignment.

(2) A quantity taken in the increment division method (also
referred to as cut).

4.4 subsample:

(1) A quantity of an ore consisting of two or more increments
taken from a part of the consignment.

(2) An aggregation of two or more increments each of which
individually has been optionally crushed and/or optionally
divided as necessary.

4.5 gross sample;

(1) The quantity of an ore consisting of all the increments
taken from a consignment.

(2) " An aggregation of ail the increments or all the subsamples
each of which individually has been optionally crushed and/or
optionally divided as necessary.

1) The sampling and sample preparation of iron ores for physical testing will form the subject of a future International Standard.
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4.6 divided sample: A sample obtained by a method of divi-
sion.

4.7 test sample: A sample ready for determination of size
distribution, moisture content, chemical composition or other
physical properties, which is prepared from each increment,
each subsample, or from the gross sample in accordance with
the specified method for that type of sample.

A representative part of a test sample which is actually sub-
jected to the test is designated the test portion. If the entire
quantity of a test sample is subjected to the test, the test
sample may also be called ‘“test portion”.

4.8 ‘sample for size determination; size sample: The
sample taken for the determination of size distribution of the
consignment or part of the consignment.

4.9 sample for moisture determination; moisture
sample: The sample taken for the determination of moisture
content of the consignment or part of the consignment.

4.10 sample for chemical analysis: The sample taken for
the determination of chemical composition(of the consignment
or part of the consignment.

4.11  sample for physical testing: The sample taken for the
determination of physical properties of the consignment or part
of the consignment.

4.12 maximum particle size: The size of opening of the
sieve on which approximately 5 % (m/m) of iron ore is
retained.

NOTE — it is essential to ascertain the maximum particle size of the
consignment either from past experience or by experiment. However,
if no information is available, visual estimation is acceptable.

4.13 whole-through sieve size: The size of the smallest
sieve aperture through which all of a sample passes.

4.14 stratified sampling: For a consignment which can be
divided into strata, sampling carried out in such a way that
specified proportions of the sample are drawn from different
strata.

NOTE — The stratum is a part of a consignment which is derived by
division of the cansignment according to specific criteria.

4.15 periodic systematic sampling: Sampling in which in-
crements are taken from a consignment at regular intervals.

When a mass interval is adopted, it is called periodic
systematic sampling on a mass basis, and when a time in-
terval is adopted, it is called periodic systematic sampling
on a time basis.

4.16 constant-mass division and fixed-rate division:
When plural increments or subsamples are prepared indi-
vidually and constituted into subsamples or a gross sample, the
division of increments or subsamples shall be conducted either
by constant-mass division or by fixed-rate division at an
appropriate stage of sample preparation, according to the type
of sampling adopted.

The constant-mass division is a method to obtain divided
samples having almost uniform mass’ (coefficient of variation
less than 20 %) regardless of the variation in masses of samples
to be divided, and the fixed-rate division is a method to ob-
tain divided samples having such masses as to be proportional
to the varied masses of samples to be divided.

5 General procedure for sampling and sample
preparation

Sampling shall be carried out by periodic systematic sampling,
either on a mass basis or on a time basis. According to the type
of sampling, not only the method of sampling but also the
method of sample preparation is different.

The following is the general procedure for the sampling and
sample preparation:

a) identify the consignment or part of the consignment to
be sampled; '

b) -ascertain the maximum particle size;

c).  determine the. actual mass of increment in relation to
the maximum particle size, the ore handling equipment and
the 'mechanical device for taking increments;

d) ascertain the quality variation, o,,, of the consignment;

e} determine the minimum number of increments, n,, re-
quired;

f) determine the sampling interval, in tonnes, for mass-
basis sampling, or in minutes, for time-basis sampling;

g} take increments having almost uniform mass in mass-
basis sampling or having a mass proportional to the flow
rate of the ore stream at the time of sampling in time-basis
sampling. Increments are to be taken, during the whole
period of handling the entire consignment, at the intervals
determined in f);

h) -~ determine the method of combining the increments and
constitute a gross sample or subsample, if necessary;

j) crush the sample, if necessary, except for the size
sample;

k) dry the sample, if necessary, except for the moisture
sample;

m) divide the sample according to the minimum permis-
sible mass of sample after division, employing constant-
mass or fixed-rate division for mass-basis sampling, or
fixed-rate division for time-basis sampling when dividing in-
crements or subsamples;

n) prepare the test sample.




6 Fundamentals of sampling

B.i Overall precision

The overall precision (denoted by Bgppm), at a probability level
of 95 %, for determining the mean values of the iron content,
moisture content and percentage undersize fraction of the con-
signment, measured using the relevant International Stan-
dards, shall be as shown in table 1 or as agreed between the
interested parties.

The overall precision of an intermediate mass of consignment
other than those shown in table 1 may be obtained by linear
interpolation.

Variations from the other tables in this International Standard
may be made, provided it can be demonstrated that the overall
precision limits given in table 1 can be met. The precision
should be determined in accordance with ISO 3085.

Generally for chemical elements other than iron, the values of
overall precision will be smaller than that for the iron content
specified in table 1.

The overall precision, Bgpw, is a measure of the overal! preci-
sion including sampling, sample division rand ;measurement,
and is twice the standard deviation  of the overall ‘process,
ospm. expressed as an absolute percentage, i.e.

1SO 3082 : 1987 (E)

Bspm = 205pm L LAY
gspm = \/0’% + (7% + 0'2M ... (A3)
aW
Gg = —— . .. {AbB)
s N
where

og is the precision of sampling;

op s the precision of sample division;
gy is the precision of measurement;
o, Iis the quality variation;

ny is the number of increments.

Equations (A1), (A3) and (A5) are based on the theory of
stratified sampling (refer to annex A for details). The number of
increments to be taken for a cansignment of ore is dependent
on the sampling precision desired and on the quality variation
of the ore to be sampled.

Therefore, before the number of increments can be deter-
mined, it is necessary to define:

a)» 'the sampling precision to be attained;

b) the quality variation of the ore to be sampled.

Table 1 — Overall precision, Sgop (%)

Approximate overall precision, figpy
Mass of consignment (t)
Quality characteristics 270 000 20 000 15 000
to to to <500
210 000 45 000 5 000
fron content +0,35 +0,4 +0,5 +1,0
Moisture content +0,35 +0,4 +0,5 +£1,0
—200 mm ore
— 10 mm fraction, mean 20% +3,6 +4,0 +5,0 +10,0
—50 mm ore
] —31,5+6,3 mm sized ore —6,3 mm fraction, mean 10 %
& | sinter feed +6,3 mm fraction, mean 10 % +1,75 +2,0 +25 +5,0
Pellet feed —45 pm fraction, mean 70 %
Pellets —5 mm fraction, mean 5 % +0,7 +0,8 +£1,0 +2,0
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6.2 Mass of increment

6.2.1 The average mass of increment shall be decided ac-
cording to the maximum particle size of the consignment, and
the value given in the fourth column of table 2 is the minimum
average mass of increment.

The actual mass of an individual increment shall be greater than
the minimum mass specified in the third column of tabie 2.

Table 2 — Mass of increment

Maximum particle Minimum Minimum
size mass of average
{mm) individual mass of
Up to and increment increment
Over including (kg} (kg)
150 250 190 320
100 150 40 70
50 100 12 20
20 50 4 6,5
10 20 08 1,3
10 0,3 0,5

NOTE — The minimum mass of individual increment is the basic re-
quirement and the minimum average mass of increment is shown for
reference.

6.2.2 The average mass of increment, #i, in kilograms, being
taken by a cutter-type primary sampler from the ore streamion
or at the discharge end of a conveyor belt is given by the equa-
tion ’

qml1
36v

where

g,, isthe average flow rate, in tonnes per hour, of the con-
veyor belt;

/, is the cutting aperture, in metres, of the primary
sampler;

v is the cutter speed, in metres per second, of the primary
sampler.

NOTES

1 The calculated average mass of increment, 71, will in the majority of
cases be in excess of the minimum stated in table 2.

2 It is essential that m meet the minimum mass stated in table 2 for
the minimum intended flow rate, gq,,,. /4 or v or both may be adjusted to
achieve this.

3 The cutter speed, v, is dependent on the type of cutter selected.
Mechanical limitations provide safeguards against cutting speeds
reaching the upper limit which may introduce bias.

6.2.3 When the average mass of increment has been deter-
mined, increments shall be taken in a manner which ensures
that they have an almost uniform mass in mass-basis sampling
(see 7.1.1) or a mass proportionate to the flow rate of ore
stream at the time of sampling in time-basis sampling.

6.3 Quality variation’

6.3.1 The quality variation, o,, is a measure of the
heterogeneity of a consignment and is the standard deviation
of the quality characteristics of the increments within the strata
of the consignment for periodic systematic sampling being
made by mass-basis sampling.

The estimated value of o,, should be derived by experimenta-
tion for each type of iron ore and at each handling plant, under
normal operating conditions in accordance with 1SO 3084,

In the case of time-basis sampling, if the flow rate of the ore is
uniform on the belt, then time-basis sampling is the same as
mass-basis sampling and ISO 3084 can be applied.

6.3.2 The characteristics to be selected for determining
quality variation are iron content, moisture content, percentage
undersize fraction and in certain cases other characteristics.

6.3.3 Depending on the types of iron ore and the handling
plant, the magnitudes of quality variation in terms of g, shall
be classified into three categories as indicated in table 3.

6.3.4 ) All ore\whose /quality. variation is unknown shall be con-
sidered to have ‘large’ quality variation.

6.3.5 If separate samples are to be taken for the determination
of chemical composition, moisture content, size distribution,
etc.,”the quality variation shali be classified for individual
characteristics.

6.3.6 If the sample is to be used for the determination of more
than one quality characteristic, the quality variation shall be
classified for the characteristic which has the largest classifica-
tion of quality variation.

6.4 Number of increments and precision
of sampling

6.4.1 Mass-basis sampling

When the value of oy, is known, then the number of in-
crements, nq, can be calculated from equation (A7) at the
desired sampling precision of S,

20,,\2
ny = <_V_V
Bs
When the value of o, is classified in terms of large, medium or
small quality variation in accordance with table 3, then table 4
shall be used to determine the minimum number of increments

required for a particular consignment (see annex A for the
theoretical background).

... (AT

When n4 increments are taken according to table 4, the preci-
sion of sampling, B, will be as shown in the same table. (See
figures 1 and 2.}




Table 3 — Classification of quality variation, g,
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Values as absolute percentages

Classification of quality variation
Quality characteristics -
Large Medium Small
Iron content oy » 20 20 >0, > 15 o, <15
Moisture content o, > 20 20>a,>15 g, <15
—200 mm ore . :
—10 mm fraction, mean 20 % o, > 10 10 >o0,>75 Ow <75
—50 mm ore
-31,5+6,3 ized ~6,3 mm fraction, mean 10 %
813 min eEero® " hak - 0y > 5 5> o, > 3,75 Gy < 375
@ | Sinter feed +6,3 mm fraction, mean 10 %
Pellet feed —45 um fraction, mean 70 % .
eTet fee " > Gy > 3 3> a, > 225 Gy < 2,25
Pellets —5 mm fraction, mean 5 %

6.4.2 Time-basis sampling

The sampling interval shall be determined by the maximum flow
rate and table 4, therefore the number of increments taken will
be greater than that for mass-basis sampling.

7 Method of sampling
7.1 Mass-basis sampling
7.1.1 Mass of increment

7.1.1.1 The mass of increment shall be determined according
to 6.2.

7.1.1.2 The mass of individual increments shall be aimost uni-
form. “Almost uniform mass’’ means that the variation in mass
shall be less than 20 % in terms of the coefficient of variation.
The coefficient of variation (CV), expressed as a percentage, is
defined as the ratio of standard deviation, s, to the mean value,
m, of the mass of the increments times 100

x 100 < 20 %

3| w

For example when the average mass of increment is to be
100 kg, the increments should be taken in such a manner that
95 % of the increments vary between 60 and 140 kg, with an
average of 100 kg.

7.1.1.3 If the coefficient of variation in the mass of individual
increments is 20 % or greater, each increment shall be subjec-
ted to division (according to the rules of division) and the qua-
lity characteristics determined. Alternatively divided increments
of ““almost uniform mass’ may be combined at an appropriate
stage of division into a subsample or a gross sample.

7.1.1.4 The increments shall be taken in such a manner as to
ensure that they are of “almost uniform mass’’. Because of
possible variations in the handling rate, the masses of succes-
sive increments might vary. Therefore provision must be made,
either in the manner in which the increments are taken, or by
subsequent weighing. of each increment, to ensure that they
have aimost/uniform’mass.

7.1.1.5 lIn order to avoid taking an increment whose mass is
below the minimum mass specified in the third column of
table 2, one or more of the following measures shall be taken:

a))7control of the flow of ore on the conveyor belt ahead of
the primary sampler;

b) installation of a sensor which monitors the flow rate of
the ore on the conveyor belt, to move the primary sampler
only when a sufficient flow of ore is on the beit;

c) installation of an apparatus which rejects the short-
mass increment and re-starts the primary sampler;

d) adoption of a variable speed cutter.

7.1.2 Quality variation

The quality variation should be derived by experimentation in
accordance with 1ISO 3084.

7.1.3 Number of increments

The number of increments shall be determined as described in
6.4.1.

7.1.4 Sampling interval

7.1.41 The mass interval, Am, in tonnes, between taking
increments shall be calculated from the condition

my
Am < —
n
where
my is the mass, in tonnes, of the consignment;

ny is the number of increments determined in 6.4.1.
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B, (%)

Mass of consignment (1 000 t)
Figure 1 — The precision of sampling for each mass of consignment

NOTE — Figure 1 is a graphic illustration of B, in table 4.
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7.1.4.2 The mass interval between taking increments that is
selected shall be smaller than that calculated in 7.1.4.1 to en-
sure that the minimum number of increments is greater than
that calculated in 6.4.1.

7.1.4.3 If the flow of ore is regular, the mass interval may be
converted into an equivalent time interval.

7.1.5 Methods of taking increments

7.1.5.1 Each increment shall be taken at one time by a single
motion or by a compiete cycle of the sampling device so that a
full cross-section of the ore stream shall be taken.

NOTE — This does not prevent the sampler taking a forward and return
cut through the ore stream.

7.1.5.2 The first increment shall be taken after a randomly
selected tonnage has been handled within the first mass inter-
val after commencing the handling operation.

7.1.5.3 The increments shall be taken subsequently at a fixed
mass interval until the handling operation of the consignment
has been completed.

7.1.5.4 When the calculated quantity of the<‘sample ‘s less
than that required for testing (size determination, physical
testing, etc.), the number and/or mass of the increments shall
be increased.

7.1.5.,5 Either of the following two kinds of cutters may be
employed for the primary sampler: ’

a) a fixed-speed cutter whose cutting speed is constant
during the course of handling the entire consignment;

b) avariable-speed cutter whose cutting speed is constant
while cutting the stream but can be regulated, increment by
increment, corresponding to the flow rate of the ore on the
conveyor belt.

7.2 Time-basis sampling
7.2.1 Mass of increment

7.2.1.1 The mass of increment corresponding to the average
flow rate of ore stream shall be determined according to 6.2.

7.2.1.2 The mass of increment shall be proportional to the
flow rate of the ore stream at the time of sampling.

7.2.1.3 When a test sample is prepared from each increment
or subsample, the mass of each increment shall be determined
in order to obtain the weighted mean of the value of the quality
characteristics for the consignment.

1SO 3082 : 1987 (E)

7.2.2 Quality variation

When the variation of the flow of ore is not so large, ISO 3084
may be applied to give an approximation of the quality varia-
tion.

7.2.3 Sampling interval

The time interval, At, in minutes, between taking increments
shall be calculated from the condition

60m1
At ——

4 m max M1
where
mq is the mass, in tonnes, of the consignment;

dmmax 1 the maximum flow rate, expressed in tonnes per
hour, of the conveyor belt;

ny is the number of increments given in table 4.

The time interval between taking increments that is selected
shall be smaller than that calculated to ensure that the
minimum number of increments is greater than that given in
table 4.

7.2.4 Number of increments

The number of increments will be greater than that for mass-
basis sampling.

7287 Methods of taking increments

7.25.1 Each increment shall be taken at one time by a single
motion or by a complete cycle of the sampling device so that a
full cross-section of the ore stream shall be taken.

NOTE — This does not prevent the sampler taking a forward and return
cut through the ore stream.

7.25.2 The first increment shall be taken at random within
the first time interval from the start of the handling operation.

7.2.5.3 The increments shall be taken at a fixed time interval
until the handiing operation of the consignment is completed.

7.25.4 When the calculated quantity of the sample is less
than that required for testing (size determination, physicai
testing, etc.), the sampling interval shall be shortened.

7.25.5 A fixed-speed cutter whose cutting speed is constant
during the course of handling the entire consignment shall be
employed for the primary sampiler.

7.2.6 Special procedure of time-basis sampling

When the flow rate of the ore stream is uniform, the same
number of increments may apply as in mass-basis sampling.
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