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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-g

avernmental in liaison with 1SO_also take part in the wark 1SQ collaborates clo

ly with the

Interr

Interr

The main task of technical committees is to prepare International Standards. Draftyinternation

adop
Interr

Attention is drawn to the possibility that some of the elements of this document may be the sub

rights

ISO 1

Subcpmmittee SC 1, Sampling.

This

revised.

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F

ed by the technical committees are circulated to the member bodies fer-voting. Publi
ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.

Part 2.

al Standards
cation as an

ect of patent

0835 was prepared by Technical Committee ISO/TC02, Iron ore and direct rg¢duced iron,

second edition cancels and replaces the first edition (ISO 10835:1995), which has bee

n technically
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Direct reduced iron and hot briquetted iron — Sampling
and sample preparation

WARNING — This International Standard may involve hazardous materials, operations and equipment,

of th
appl

1 3

This

a) the underlying theory,
b) the basic principles for sampling and preparation of samples{and

c) the basic requirements for the design, installation and opération of sampling systems,

for m
deten

The

direc
equig
cond

CAU
low
heat

user of this standard to establish appropriate health and safety practices and\d
ability of regulatory limitations prior to use.

Bcope

nternational Standard gives

echanical sampling, manual sampling and preparation of samples taken from a lot unde
mine the chemical composition, moisture contentiand physical properties of the lot.

methods specified in this International Standard are applicable to both the loading and d
reduced iron (DRI) and hot briquetted, iron (HBI), by means of belt conveyors and other
ment to which a mechanical samplef_may be installed or where stopped-belt sampling n
icted. In this International Standard, DRI includes both reduced pellets and reduced lump or

FION — Direct reduced irony(DRI) and, in some cases, hot briquetted iron (HBI), for e
Hensity or high fines content, may react with water and air to produce hydrogen ar

oper

2

The following>referenced documents are indispensable for the application of this documen
refergnces) only the edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

tors by respecting-applicable regulations or international codes.

ormative references

termine the

and Eoes not purport to address all of the safety issues associated with its use. It is the,rgsponsibility

r transfer, to

scharging of
ore handling
ay safely be
bS.

tample, with
d heat. The

produced may cause ‘ignition. Therefore, due consideration shall be given to the safety of

t. For dated
b referenced

ISO 565:1990, Test sieves — Metal wire cloth, perforated metal plate and electroformed sheet — Nominal

sizes

of openings

ISO 3084:1998, Iron ores — Experimental methods for evaluation of quality variation

ISO 3085:2002, Iron ores — Experimental methods for checking the precision of sampling, sample
preparation and mesasurement

ISO 3086:1998, Iron ores — Experimental methods for checking the bias of sampling

ISO 3087:1998, Iron ores — Determination of moisture content of a lot
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ISO 3534-1:2006, Statistics — Vocabulary and symbols — Part 1: General statistical terms and terms used in

probability

ISO 4701:1999, Iron ores — Determination of size distribution by sieving

ISO 11323:2002, Iron ores and direct reduced iron — Vocabulary

3 Terms

and definitions

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

3.1
lot
discrete and

3.2
increment
quantity of D

3.3

sample
relatively sm
characteristiq

3.4
partial samg
sample cons

35
gross samp

sample comprising all increments, entirely representative of all quality characteristics of a lot

3.6
test sample

sample prepared to meet all specific conditions for a test

3.7
test portion
part of a test

3.8
stratified sa
sampling of
proportions f

defined quantity of DRI or HBI for which quality characteristics are to be assessed

RI or HBI collected in a single operation of a sampling device

all quantity of DRI or HBI, taken from a lot so as to be representative in respect of the g
s to be assessed

le
sting of less than the complete number of increments needed for a gross sample

e

sample that is actdally and entirely subjected to the specific test

mpling
A lot carried out by taking increments from systematically specified positions and in appro
omfdentified parts called strata

uality

Driate

NOTE Examples of strata, based on time, mass or space, include production periods (e.g. 5 min), production masses
(e.g. 1000 t), holds in vessels, wagons in a train, or containers.

3.9

systematic sampling
selection of increments at regular intervals from a lot

3.10
mass-basis

sampling

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

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=fa2c30d4f214dd0cce1c55c9909c4428

ISO 10835:2007(E)

3.11

time-basis sampling

sampling carried out so that increments are taken from free-falling streams, or from conveyors, at uniform time
intervals, the mass of each increment being proportional to the mass flow rate at the instant of taking the
increment

3.12

proportional sample division

division of samples or increments such that the mass of each retained divided portion is a fixed proportion of
the mass being divided

3.13
constant-mass division
divisipn of samples or increments such that the retained divided portions are of almost’upiform mass,
irrespective of variations in mass of the samples or increments being divided

NOTH This method is required for sampling on a mass basis. “Almost uniform” means/that variatior|s in mass are
less than 20 % in terms of the coefficient of variation.

3.14
splitjuse of sample
sepafate use of parts of a sample, as test samples for separate determinations of quality charactgristics

3.15
multiple use of sample
use ¢f a sample in its entirety for the determination of one‘quality characteristic, followed by the use of the
samg sample in its entirety for the determination of one or.more other quality characteristics

3.16
nominal top size of DRI
smallest aperture size, within the range of the R20 Series (in ISO 565, square opening), such that no more
than p % by mass of the DRI is retained on the sieve

3.17
nominal top size of HBI
prior [to crushing, the largest average dimension of HBI briquettes, or, after crushing, the smallest aperture
size, within the range of the R20\Series (in ISO 565, square opening), such that no more than 5 % by mass of
the HBI is retained on the sieve

4 G(General considerations for sampling and sample preparation

4.1 |Basic requirements

The basie ‘requirement for a correct sampling scheme is that all of the DRI or HBI in the lot has an equal
oppoftunity of being selected and becoming part of the partial sample or gross sample for gnalysis. Any
jati hi j j : ir—ahR—uh pd—precision. An

The best sampling location to satisfy the above requirement is at a transfer point between conveyor belts.
Here, the full cross-section of the DRI or HBI stream can be conveniently intercepted at regular intervals,
enabling representative samples to be obtained. Alternatively, samples may be taken from a stopped
conveyor belt, provided a full cross-section of DRI or HBI of adequate length is taken from the conveyor (see
Clause 9).

In situ sampling of ships, stockpiles, wagons, containers and bunkers is not permitted, because there is no
suitable sampling device that can be driven down to the bottom and then extract the full column of DRI or HBI.
Consequently, all parts of the lot do not have an equal opportunity of being sampled. The only effective
procedure is sampling from a conveyor belt when the DRI or HBI is being conveyed to or from the ship,
stockpile, container or bunker.

© 1SO 2007 — All rights reserved 3
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Sampling shall be carried out by systematic sampling or stratified random sampling either on a mass basis
(see 6.1 or 6.3.2) or on a time basis (see 6.2 or 6.3.3). However, if periodic variations in quality or quantity are
present, sampling shall be restricted to stratified random sampling within fixed mass or time intervals (see
6.3.2 or 6.3.3).

The methods used for sampling and sample preparation depend on the final choice of the sampling scheme,
and on the steps necessary to minimize possible biases and obtain acceptable overall precision.

Moisture samples shall be processed as soon as possible and test portions weighed immediately. If this is not
possible, samples shall be stored in impervious airtight containers with a minimum of free air space to
minimize 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) identify the lot to be sampled and the quality characteristics to be determined;
b) ascertair] the nominal top size;

c) determine the mass of increment considering the nominal top size, the DRIy or HBI-handling equigment
and the fevice for taking increments;

d) specify the precision required;

e) ascertair] the quality variation, oy, of the lot in accordancecwith 1SO 3084, or, if this is not possible,
assume|a “large” quality variation as specified in 5.3;

f) determinge the minimum number of primary increments; n,, to be taken from the lot for systematic or
stratified random sampling;

g) determinge the sampling interval, in tonnes, for mass-basis sampling, or in minutes for time-basis sampling;
h) determine the sampling location and the method of taking increments;
i) take increments having almost uniform mass for mass-basis sampling or having a mass proportiopal to
the flow|rate of the stream at the time of sampling for time-basis sampling; Increments are to be taken at
the interjals determined in item_g) during the entire period of handling the lot;
j) determine whether the sample is for split use or multiple use;

k) establish the method of combining increments into a gross sample or partial samples;

I) establish the sample-preparation procedure, including division, crushing, mixing and drying;

m) dry the spmples, if necessary, except for the moisture sample;

n) crush the samples, if necessary, except for the size sample and some physical testing samples;

o) divide samples according to the minimum mass of divided sample for a given nominal top size, employing
constant mass or proportional division for mass-basis sampling, or proportional division for time-basis
sampling;

p) prepare the test sample.

Sample containers for DRI and crushed HBI shall be suitable for storing and transporting the material in very

well-protected conditions. Samples shall be stored in airtight containers and shall not be left unprotected from
the atmosphere at any stage.

4 © 1SO 2007 — All rights reserved
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4.3 System verification

Stopped-belt sampling is the reference method for collecting samples against which mechanical and manual
sampling procedures may be compared to establish that they are unbiased in accordance with the procedures
specified in ISO 3086. However, before any bias tests are conducted, sampling and sample-preparation
systems shall first be inspected to confirm that they conform to the correct design principles specified in this
International Standard. Inspections shall also include an examination of whether any loading, unloading or
reclaiming procedures could produce periodic variations in quality, in phase with the taking of increments, e.g.
size distribution. When such cyclic variations occur, the source of the 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 dgerious deficiencies in the sampling or sample-preparation system and may avoid the fieed for expensive
bias festing. Consequently, sampling systems shall be designed and constructed in a manner that facilitates a
regulpr verification of correct operation.

Regular checks of quality variation and precision shall also be carried out in accordance with 10 3084 and
ISO 3085 to monitor variations in quality variation and to verify the precision 6f'sampling, sampl¢ preparation
and analysis. This is particularly important for new products or new sampling systems, or when significant
changes are made to existing systems. Sampling systems should therefore be designed at the outset to
enable constitution of duplicate samples for determining quality variation‘and for checking precisign.

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
imprgved by collecting more increments-er-repeating measurements, bias cannot be reduced by replicating
meagurements. Consequently, minimizing or preferably eliminating possible biases is more important than
imprgving precision. Sources of bias that can be completely eliminated at the outset by correct flesign of the
samgling and sample-preparation<system include sample spillage, sample contamination gnd incorrect
extraftion of increments, while"seurces that can be minimized but not completely eliminated inglude loss of
dust [and particle-size degradation (for size determination). Samples should be as dry as pogsible before
crushing.

5.1.2| Minimization of particle-size degradation

Minimization @f \particle-size degradation of samples used for determination of size distributipn is vital to
reduge biastin‘the measured size distribution. To prevent particle-size degradation, it is essentialto keep free-
fall dfops{to’a minimum.

5.1.3 Extraction of increments

It is essential that increments be extracted from the lot in such a manner that all the DRI or HBI has an equal
opportunity of being selected and becoming part of the final sample for analysis, irrespective of the size, mass
or density of individual particles. If this requirement is not respected, bias is easily introduced. This results in
the following design requirements for sampling and sample-preparation systems:

a) a complete cross-section of the DRI or HBI stream shall be taken when sampling from a moving stream
(see 7.5) or a stopped belt (see Clause 9);

b) the aperture of the sample cutter shall be at least three times the nominal top size of the DRI or HBI for
primary sampling, or 10 mm for subsequent stages, whichever is the greater (see 7.5.4);

© 1SO 2007 — All rights reserved 5
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increased (see 7.5.5);

d)

trailing edges of the cutter clearing the stream at the end of its traverse;

7.5.3), a

free-fall

minimize

h) primary

the effed

Sampling sys
or HBI bein
provided in (

5.1.4

5.1.4.1

The increme
(see 5.1.4.2
checking the
identified andg

5142 In

The mass o
sampler from

Increment mass

General

nd these conditions shall be maintained as the cutter lips wear;

changes in moisture content, dust losses and sample contamination shall be avoided;

bias in size distri

bution;

Cutters shall be located as near as possible to the loading or discharging point to further min

ts of size degradation;

j sampled. Detailed design requirements for sampling and sample-preparation system
lauses 7, 8, 9 and 10.

Nt mass required to obtain an unbiased sample can be calculated for typical sampling situa

design and operation of sampling systems. If.the difference is significant, the cause sh
corrective action taken to rectify the problem:;

crement mass for falling-stream sampling

increment, my, in kilograms, to bejtaken (mechanically or manually) by a cutter-type pr
the DRI or HBI stream at the discharge end of a conveyor belt is given by:

.
BV

e flow rate,lin-tonnes per hour, of DRI or HBI on the conveyor belt;

e cutteraperture, in metres, of the primary sampler;

the speed of the sample cutter shall not exceed 0.6 m/s, unless the cutter aperture is correspondingly

the sample cutter shall travel through the stream at uniform speed (see 7.5.3), both the leading and

the lips on the sample cutter shall be parallel for straight-path samplers and radial for rotary cutters (see

jence

mize

stems shall be designed to accommodate the maximum nominal top size and.flow rate of th¢ DRI

3

D

are

tions

and 5.1.4.3). Comparing the calculated masses with'the actual increment masses is useful for

il be

mary

(1)

_ 9
m| = —
3 ’
where
q isth
Iy s th
ve isth

eCutter speed, in metres per second, of the primary sampler.

The minimum increment mass that can be taken, while still avoiding bias, is determined by the minimum cutter
aperture specified in 7.5.4 and the maximum cutter speed specified in 7.5.5.

5.1.4.3

Increment mass for stopped-belt sampling

The mass of increment, m,, in kilograms, to be taken manually from a stopped belt is equal to the mass of a

complete cro

ss-section of DRI or HBI on the conveyor. It is given by the equation:

qlp

m =

3 ,6VB

()
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where

q is the flow rate, in tonnes per hour, of DRI or HBI on the conveyor belt;

I, is the length of the section of DRI or HBI removed from the conveyor, in metres;

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

The minimum increment mass that can be taken, while still avoiding bias, is determined by the minimum
length of the section of DRI or HBI removed from the conveyor, i.e. 3d, where d is the nominal top size of the
DRI or HBI in metres, subject to a minimum of 0,01 m for DRI and crushed HBI. In practice, the section of HBI

briqu

5.2

This
given
mois
abrag
shall

The

meas
expre

wher

44 U 4 + 1 4
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Overall precision
International Standard is designed to attain the overall precision, fgp\, at a-probability l¢
in Table 1 for the chemical (total iron, metallic iron, carbon, silica, alumifa,”phosphoru
ure content) and physical (percent size fraction, apparent density, bulk ‘density, tumbl
ion index) characteristics of the lot. Higher precision values may be adopted if required.
be determined in accordance with ISO 3085.
pverall precision, fspy, is @ measure of the combined precision of sampling, sample pre

ssed as an absolute percentage, i.e.:

P'SPM =\/0§ +of +of)
Bspm = 20spm = 208 + 0B + o

_%w

TS_M

W

bs  is the sampling standard deviation;

bp  is the sample-preparation standard deviation;
b 1S the measurement standard deviation;

b is the'quality variation of the DRI or HBI;

14~ 1S the number of primary increments.

vel of 95 %,
5, sulfur and
e index and
[he precision

paration and

urement, and is twice the standard deviation of sampling, sample preparation and measurg¢ment, cgpy,

(©)

(4)

(®)

Equations (3), (4) and (5) are based on the theory of stratified sampling (see Annex B for more 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 DRI or HBI to be sampled. Thus, before the number of primary increments can be

deter

mined, it is necessary to define:

a) the sampling precision, fs , to be attained;

b) the quality variation, oy, of the DRI or HBI to be sampled.
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Table 1 — Overall precision, fgp) (values as absolute percentages)

Quality characteristics

Approximate overall precision

Bspm
Mass of lot (t)
070000 | toasoo0 | 0118000

Total iron content 0,3 0,4 0,5
Metallic iron content 1,0 1,2 1,5
Carbon content 0,10 0,12 0,16
Silica content] 0,10 0,12 0,15
Alumina contént 0,10 0,12 0,15
Phosphorus dontent 0,002 0 0,0024 0,003 0
Sulfur conten 0,002 0 0,002*4 0,0030
Moisture content 0,10 0,12 0,15
Size (- 31,5 4 6,3 mm DRI lump) — 6,3 mm fraction 2,0 2,2 2,5

mean 10 %
Size (DRI pellets) — 6,3 mm fraction 0,8 0,9 1,0

mean 5 %
Size (— 100 mm HBI) — 25 + 6,3 mm fraction 0,3 0,4 0,5

mean 10 %

— 6,3 mm fraction 0,3 0,4 0,5

mean 10 %
Apparent denkity (HBI only) 0,10 0,12 0,15
Bulk density 0,10 0,12 0,15
Tumble indeX 0,5 0,6 0,7
Abrasion indgx 0,5 0,6 0,7
NOTE The|values of fgp), are indicative and subject to confirmation through international tests.
NOTE  Whgn on-line sample ‘preparation takes place within the sample plant away from the preparation laboratofy, the
distinction betjveen samplifig-and sample preparation becomes less clear. In this case, the precision of on-line sample
preparation may be inclided in either the sampling precision or in the sample-preparation precision. Sample preparation is
strictly a samgling operation, because a representative part of the sample is selected for subsequent processing. Hence,
the most rigorpus/approach is to break up the sampling standard deviation into its components for each sampling stgge, in
which case Eduation (3) becomes:

2 2 2 2, 2
OsPM :\/031 t0O0s2t0s3+0p + 0N

where

og¢ is the sampling standard deviation for primary sampling;

og, is the sampling standard deviation for secondary sampling;

og3 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.

© 1SO 2007 — All rights reserved
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Quality variation

The quality variation, oy, is a measure of the heterogeneity of the lot and is the standard deviation of the
quality characteristics of increments within strata for mass-basis systematic sampling. The characteristics to
be selected for determining quality variation include all the chemical and physical characteristics of the DRI or
HBI being sampled.

The value of oy shall be measured experimentally for each type or brand of DRI or HBI and for each handling
plant under normal operating conditions, in accordance with ISO 3084. The quality variation of the DRI or HBI
may then be classified into three categories according to its magnitude as specified in Table 2. In the case of
time-basis sampling, if the flow rate of the DRI or HBI is uniform on the belt, then time-basis sampling is the

sam

AllD
In th
ISO ]

as mass-basis sampting and tSO-3084can be applied:

RI or HBI, of which the quality variation is unknown, shall be considered to have a “large’ qu
s case, measurements shall be conducted at the earliest possible opportunity: in” acc
084 to determine the quality variation.

When separate samples are taken for the determination of chemical composition"and physical ch

the @
deter
shall

5.4

5.4.1

uality variation for the individual characteristics shall be adopted. When the sample is

be adopted.
Sampling precision and number of primary increments

Mass-basis sampling

When the value of oy, is known, the number of primary increments, n,, can be calculated fo

samy

This

GW iS
be u
spec
a traq

NOTH
NOTE

increr
of V2

ling precision, fs, as follows:

-]

s the preferable method of determining the number of primary increments. However, when
classified in terms of large,-medium or small quality variation in accordance with Table 2,
bed to determine the minimum number of primary increments required for the sampling

fied in the table. In Table 3] the sampling precisions have been increased slightly for smalle

20,

Bs

e-off between sampling’/cost and the uncertainty in the commercial value of the lot.
1 The valuesof 5 are indicative and subject to confirmation through international test work.
2 Thevaldes of n; may be increased or decreased to alter the sampling precision. For example, if

= 1,4,

5.4.2

blity variation.
prdance with

aracteristics,
used for the

mination of more than one quality characteristic, the largest classification category for quality variation

[ the desired

(6)

the value of
Table 3 may
brecision, fs,
r lot sizes as

the number of

nents is 213,/ then fg will be improved by a factor of 1N2 =0,71; and if it is ny/2, then fg will be worsemed by a factor

| TFime-basis sampling
pling

The minimum number of primary increments shall preferably be determined using Equation (6), but Table 3
may also be used, as specified in 5.4.1.
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Table 2 — Classification of quality variation, o,, (values as absolute percentages)

. L. Classification of quality variation (ow)
Quality characteristics
Large Medium Small
Total iron content oy =15 15> 0y >10 oy <10
Metallic iron content oy =40 4,0> oy = 3,0 oy <3,0
Carbon content oy =05 0,5> 0y >0,3 oy <03
Silica content oy =05 0,5> 0y =03 oy <03
Alumina content. Sy ﬂ,R n,l; Sy 01’2 Sy n,c
Phosphorus dontent oy = 0,011 0,011 > gy, > 0,007 oy 0,007
Sulfur conten oy = 0,011 0,011 > gy, > 0,007 ow < 0,J07
Moisture content oy > 0,5 0,5> gy >0,3 oy <0,
Size (- 31,54 6.3 mm — 6,3 mm fraction oy =5 5> 0oy = 3,75 oy < 3,15
DRI lump) mean 10 %
Size (DRI pellets) — 6,3 mm fraction oy = 3,0 3> oy =225 oy <2,25
mean 5 %
Size (- 100 njm HBI) — 25 + 6,3 mm fraction ow=>15 1,5>067 =10 oy < 1,0
mean 10 %
— 6,3 mm fraction ow > 1,5 15> oy = 1,0 oy < 1,(
mean 10 %
Apparent denkity ow = 0,5 0,5> 0y >0,3 oy <0,
Bulk density ow >.0,5 0,5> 0y =03 oy <0,
Tumble index ow= 2,0 20>0y>15 oy <1,
Abrasion indgx ow = 2,0 20>0y>15 oy <1,

NOTE Thelvalues of ow are indicative and subject to cenfirmation through international test work.

Table 3 — Bxample of minimum number of increments required, »,, for desired sampling precisiop, S

. - Number of primary
Mass of lot Sampling precision incrementr
(1000 t)
Ps nq
SiO, _ Apparent Quality variafjon
over | Up td TotalJ\Metallic | Al,O4 PorS 02|’5_+66?;3an”1 density | Tumble | Abrasion Large (L),
P Fé Fe Cor frac,tion or bulk | index index Medium (M)
H, density or Small (§)
t vt S
45 70 0,28 0,78 0,09 0,0020 0,28 0,09 0,39 0,39 160 | 80 40
30 45 0,30 0,84 0,10 0,0022 0,30 0,10 0,42 0,42 140 | 70 35
15 30 0,32 0,90 0,10 0,0023 0,32 0,10 0,45 0,45 120 | 60 30
0 15 0,35 0,99 0,11 0,0025 0,35 0,11 0,50 0,50 110 | 50 25
10 © ISO 2007 — All rights reserved
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Precision of sample preparation and overall precision

General

The precision of sample preparation depends on the choice of the sampling scheme. However, it can be
improved if sample preparation is carried out first on individual increments or partial samples at an appropriate
stage of sample preparation and then the divided increments or partial samples are combined into a gross
sample.

The overall precision in terms of the standard deviation, ogp);, 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

in 5.9

5.5.2

When a gross sample for a lot is constituted by combining all increments and »n, measurement

outo

wher

5.5.3

.21095.9.4.

Preparation and measurement of gross sample

h the gross sample, the overall precision will be:
2
O
ipm = 04 +op +
)

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

Preparation and measurement of partial samples

When n4 partial samples consisting of an equal number ‘of increments are constituted, and n, m

are ¢

wher
Furth

(- 10
sampg

wher

arried out on each partial sample, the overall precision will be:

2

O
o2 + oM
2

n3

2 2
OSpM = 0g +

b op is the precision of preparing a test sample from each partial sample.

ermore, when the above -n5 partial samples are combined into a gross sample at an appr
mm or less) after, individual sample preparation, and n, measurements are carried out
le, the overall precision will be:

2 2
o O
200 = a2 K P14 2, 4 T

n3 na

W

S are carried

(7)

pasurements

bpriate stage
bn the gross

9)

opq s the precision of preparing each partial sample prior to constituting the gross sample;

opy Is the precision of preparing a test sample from the gross sample.

5.5.4

Preparation and measurement of each increment

When n, measurements are carried out on each increment, the overall precision will be:

2
o
op+ oM
2 _ 2 na
Ospm = Os +
9
© 1SO 2007 — All rights reserved
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where

op

74

is the precision of preparing a test sample from each increment;

is the number of primary increments.

Furthermore, when all the increments are combined into a gross sample at an appropriate stage (— 10 mm or
less) after individual sample preparation, and n, measurements are carried out on the gross sample, the
overall precision will be:

2 2
2 2 Op1,__2  OM
OSPM =[S T TOpy T (11)
I’l1 l’l3
where
opq s the precision of preparing each increment prior to constituting the gross sample;
opy Is the precision of preparing a test sample from the gross sample.
NOTE E3ch sample-preparation stage has its own variance, so the total variance willbe*greater than that for asingle
stage. It is degirable to use larger samples for those stages of sample preparation for which this does not greatly ingrease
costs. This negds to be taken into account when optimizing sample-preparation schemes.
6 Methods of sampling
6.1 Massibasis sampling
6.1.1 Masq of increment
The mass of|increment shall be determined according to 5.1.4.
Increments ghall be taken so that they are of “almost uniform mass”, i.e., the coefficient of variatipn of
increment masses shall be less than 20 %:-The coefficient of variation, CV, is defined as the ratio of standard
deviation, o, 0 the mean value, 2, 'of’the mass of the increments, expressed as a percentage as follows:
100
CV = —|—mass (12)

For example
manner that
therefore be
division of ed

m

05 % of the increments vary between 60 and 140 kg, with an average of 100 kg. Provision

ch increment, to ensure that they have almost uniform mass.

if the average mass of increment is to be 100 kg, the increments should be taken in slich a

must

made,«either in the manner in which the increments are taken or by subsequent weighing and

+h na
T

talkan-

To obtain in

a)

o fallanariae ot
aoo, UTC TUNTUWITTYy T11TCaou LANCTTT.

proportional to the flow rate of ore on the conveyor belt at the time of taking each increment;

b)

c)

primary sampler.

12
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installation of a variable-speed cutter which varies its speed increment-by-increment so that the speed is

control of the flow rate on the conveyor belt ahead of the sampling point to reduce variations in flow rate;

installation of equipment which rejects increments of non-uniform mass and immediately re-starts the
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If the coefficient of variation of increment masses is 20 % or greater, each increment may be subjected to
division (according to 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.

6.1.2 Quality variation

The quality variation shall be determined experimentally in accordance with ISO 3084.

6.1.3 Number of primary increments

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

6.1.4] Sampling interval

The hass interval, Am, in tonnes, between increments shall be calculated from the gquation:

< L (13)
nq

wherg
m_ is the mass, in tonnes, of the lot;
14 is the number of primary increments determined in’6.4.1.

The mass interval selected shall be smaller than that.calculated above, to ensure that the minimym number of
primgry increments is greater than that determined.iRtaccordance with 5.4.1.

6.1.5| Methods of taking increments

Each|increment shall be taken at one time by a single motion or by a complete cycle of the sanmpling device,
so thpt a full cross-section of the DRI or HBI stream is taken. Free-fall drops of increments shall be kept to a
minimum to reduce size degradation:of the DRI or HBI, and hence minimize bias in size distribution.

NOTH 1 A complete cycle may‘involve the sampler taking a forward and return cut through the DRI or HBI stream.
NOTH 2  Stopped-belt,sampling may also be used to take a full cross-section of the DRI or HBI stream.

The {irst increment shall be taken after a randomly selected tonnage has been handled within the first mass
interjal after commencing the handling operation. Subsequent increments shall be taken at thg fixed mass
interyal determinmed in 6.1.4 until handling of the lot has been completed. When the calculated| mass of the
sampgle is 1ess than that required for testing (size determination, physical testing, etc.), the nymber and/or
masq of'the increments shall be increased.

Either of the following two kinds of cutters may be employed for the primary sampler:
a) a fixed-speed cutter of which the cutting speed is constant during the course of handling the entire lot;

b) a variable-speed cutter of which the cutting speed is constant while cutting the stream but can be
regulated, increment by increment, according to the flow rate of DRI or HBI on the conveyor belt.

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

© IS0 2007 — Al rights reserved 13
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6.2 Time-basis sampling

6.2.1 Mass of increment

The mass of increment shall be proportional to the flow rate 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 DRI or HBI that the sample represents may be used to obtain the weighted mean.

6.2.2 Quality variation

When the va
used to obta

6.2.3 Num

The number

Fiation in the flow rate is less than 20 % in terms of the coefficient of variation, ISO 3084.4h
n an approximate value for the quality variation.

ber of increments

pf primary increments shall be determined in accordance with 5.4.2.

6.2.4 Sampling interval

all be

The time intgrval, Az, in minutes, between increments shall be calculated from the equation:
ar< 2 (14)
9mpx1
where
my_ is|the mass, in tonnes, of the lot;
dmax iS|the maximum flow rate, expressed in tonnes per hour, of DRI or HBI on the conveyor belt;
nq is|the number of primary incrementsidetermined in 5.4.2.
The time intI:vaI between taking increments that is selected shall be smaller than that calculated, to epsure
that the minifnum number of primary increments is greater than that determined in accordance with 5.4.2
6.2.5 Methpds of taking increments
Each incremgnt shall be taken once by a single motion or by a complete cycle of the sampling device, sp that
a full cross-sgction of the-DRI or HBI stream is taken. Free-fall drops of increments shall be kept to a minjmum

to reduce siz
NOTE 1 A

NOTE2 St

e degradation of the DRI or HBI, and hence minimize bias in size distribution.

sampler may take a forward and return cut through the DRI or HBI stream in a complete cycle.

The first increment shall be taken at random within the first time interval from the start of the handling
operation. Subsequent increments shall be taken at the fixed time interval determined in 6.2.4 until handling of
the lot is completed. When the calculated mass of the sample is less than that required for testing (size
determination, physical testing, etc.), the sampling interval shall be shortened.

A fixed-speed cutter, of which the cutting speed is constant during the course of handling the entire lot, shall
be employed for the primary sampler.

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

14 © ISO 2007 — All rights reserved
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6.3 Stratified random sampling within fixed mass or time intervals

6.3.1 General

Sampling shall preferably be carried out by systematic sampling either on a mass basis (see 6.1) or on a time
basis (see 6.2). However, when periodic variations in quality or quantity occur within 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
SUCCESSTOT:

6.3.2

For g
when
randd
randd
mass

6.3.3

For {
when
randd

Fixed mass intervals

tratified random sampling within fixed mass intervals, the procedure is as specified in 6.1
the mass interval has been set, the sample cutter is programmed to take~one primary
m within this mass interval. This is achieved by using a random number generator, capab
m mass number within the mass interval (determined in 6.1.4), which activates the sample
corresponding to the mass number generated.

Fixed time intervals

tratified random sampling within fixed time intervals, the_procedure is as specified in 6.2
the time interval has been set, the sample cutter is, ptogrammed to take one primary
m within this time interval. This is achieved by using asrandom number generator, capab

except that,
increment at
e of giving a
cutter at the

except that,
increment at
e of giving a

randd cutter at the

time

m time number within the time interval (determined\in 6.2.4), which activates the sample
corresponding to the time number generated.

7 $ampling from moving streams

7.1 | General

The basic requirements, together with typical examples, are described as a guide to the design &
of sgmpling and sample-preparation systems for moving streams. These requirements shall t
accoulnt from the early stages(ofidesign and engineering, as well as during operation and mainte
systems.

nd operation
e taken into
nance of the

This
HBI 3
provi

pf the DRI or
b relied on to

nternational Standard deals only with sample cutters that take a complete cross-section
tream. Sample cutters taking only part of the stream are incorrect in design, and cannot b
e representative samples, i.e. they may introduce significant bias.

It is
comb
prepa

hot essential to construct or operate the sampling system as a single system. Any principal unit or
ination™of principal units may be operated mechanically, and combined at any stage with manual sample
ration to form a complete sampling and sample-preparation system.

The sampling system shall be operated according to the requirements of Clauses 5 and 6, which specify the
mass of increment, number of increments, and sampling interval for mass-basis, time-basis and stratified
random sampling. Operation of the system should be monitored at all times during sampling and sample
preparation of a lot. In the event of a breakdown or failure of the installation, the mechanical operation shall be
replaced immediately by manual stopped-belt sampling.

Samples taken by stopped-belt sampling should be processed separately from those taken mechanically.

Care shall be taken not to alter the quality of increments, partial samples and gross samples during sampling
and sample preparation. In addition, care shall be taken to minimize changes in the quality of a lot after
sampling at loading and prior to sampling at discharge. Where water is sprayed on a cargo for dust
suppression or where water is removed from a lot, a correction for the water shall be made in accordance with
ISO 3087.
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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 ope

rators. Local or national safety codes shall be respected.

It is recommended that mechanical sampling be used if the flow rate exceeds 500 t/h. Unless stopped-belt
sampling is adopted, the use of manual sampling in such cases could be dangerous for the sampling staff.

7.3 Robustness of sampling installation

Sampling and sample-preparation systems shall be designed and constructed robustly to fulfil, without failure,

their require
designed to

In the event
example, ind
short convey

It is recomm
be operated

7.4 Versatility of sampling system

The design g

a) guided &
the desi

b) such that bias is not introduced.

In all cases,
5.4, respecti

The size sanpple shall be taken before any ecrushing takes place. Multiple use of increments taken to cong

a sample is
determinatio
to ensure th4d

The installat

sampling. Sampling systems)should be capable of combining alternate increments to constitute pa

interleaved s
and for chec
of ISO 3085,
specified in 5
determined r

£

of a breakdown of the installation, an alternative sampling procedure should be-availablg.

function under given conditions at all times, particularly for HBI. The system shall ,alg
rovide ready access for maintenance.

rements taken by the primary sampler may be bypassed through a preinstalled facility (e

bnded that mechanical sampling systems be arranged in such a way that-the principal unit
ndividually to facilitate repair in the event of breakdown.

f sampling and sample-preparation systems shall be

ed precision of sampling and sample preparation, and

the minimum mass and number of incremients comprising a sample shall comply with 5.1.4
ely, in order to attain the specified precision and the required mass of sample for testing.

permissible, provided thatthe general procedures given in Clause 4 are fulfilled. If
) is carried out on a samplethat will subsequently be used for other purposes, care shall be
t the size fractions are-fully remixed before subsequent sample preparation is undertaken.

on shall be designed so that check experiments can be carried out in conjunction with rg

amples, designated A and B, for determination of quality variation in accordance with ISO
King the precision of sampling in accordance with ISO 3085. To meet the sampling requirer
the primary sampler should also be capable of taking at least twice the number of incremen
4. When these design features are in place, it is recommended that the precision of sampli
butinely, in accordance with ISO 3085, as part of the normal sampling operations.

pr, a concrete pad or a receiving truck) so that manual sample preparation cafi'be performed.

o be

For
g, a

5 can

y the types of DRI or HBI likely to be handled, the quality characteristics to be determinedl and

I and

titute
size
aken

utine
rs of
3084
nents
S, i’l1,
g be

7.5 Primary samplers

7.51

Location

The primary sampler shall be installed at a point where the entire lot may be sampled. It should be installed at
the nearest point to the loading or discharging facilities, as close as possible to the point of weighing.

16
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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 DRI or HBI stream, travelling through the stream
at uniform speed. Increments should preferably be taken from a falling stream using a mechanical sample
cutter, although a manual sample cutter may also be used for sampling DRI (but not HBI) if the flow rate does
not exceed 500 t/h (see 7.2).

Examples of mechanical cutter-type samplers are shown diagrammatically in Figure 1. An example of a

man

ual sample cutter is shown in Figure 2.

7.5.3| General design criteria for primary cutters

Toa
a)

b)

)

k)

oid bias, the primary sampler shall satisfy the following design criteria:
there shall be no overflow or spillage of sample, or loss of fines;

there shall be no impedance to flow of sample material through the sample cutter at the m
rate;

ucket-type cutters shall be of sufficient capacity to accommodate the increment mass ob
aximum flow rate of the DRI or HBI;

ere shall be no clogging or retention of residual material*in the sample cutter, i.e., the ¢
elf-clearing and chutes shall have suitable linings, e.g-céramic;

ere shall be no contamination or introduction of material other than the sample into the sam

ere shall be no significant change of the quality of the sample while taking increments, e.g.
f the constituent particles if the sample is<taken for size determination.

e sample cutter shall take a complete cross-section of the DRI or HBI stream, both the)
ailing edges clearing the stream.in-one path;

e sample cutter shall intersect the DRI or HBI stream, either in a plane perpendicular to or
ormal to the mean trajectory of the stream;

aximum flow

tained at the

Itter shall be

ple cutter;

degradation

leading and

along an arc

e sample cutter shall travel through the DRI or HBI stream at a uniform speed, not devigting by more

an 5 % at any-point;

e geometryyof the cutter aperture shall be such that the cutting time at each point in the str
ot deviating by more than +5 %, e.g., straight-path cutters shall have parallel cutter lip
utters-shall have radial cutter lips;

bam is equal,
s and rotary

e_plane of the cutter aperture shall not be vertical or near-vertical.

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

© 1SO 2007 — All rights reserved
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a) Cutter-chute type

b) Cutter bucket type (i)

Figure 1 — Examples of mechanical cutter-type samplers
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c) Cutter bucket type (i)

\O\\O—V/O/(

(d1)

d) Swing arm type

© 1SO 2007 — All rights reserved

Figure 1 (continued)
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(d3)

d) Swing arm type

Key

I, Cutting aperture of primary sampler.

main ore flow
2 increment
3  travelling pass of primary sampler

Figure 1 (continued)
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7.5.4

The ¢
top s

7.5.5

For ¢
trave

Figure 2 — Example of a manual sample‘cutter

Cutter aperture of primary sampler

utting aperture of the primary sampler (dimension /, in Figure 1) shall be at least three time
ze of the DRI or HBI.

Cutter speed of primary sampler

ither of the two kinds of primary samplers‘mentioned in 6.1.5 or 6.2.5, the cutter shall be
at a uniform speed, not deviating by mare than + 5 %, during the course of taking each incr

The
Too

Expe
ore S
introg
top s

utter speed is one of the most impertant design parameters in designing a mechanical sam
igh a cutter velocity will lead to

iasing of the sample due(to deflection of the larger particles;

iasing of the sample-by rebounding particles and dust caused by excessive turbulence, and
hock load problems and difficulties in maintaining constant speed while cutting the stream.
rimental work undertaken by Gy") for falling-stream cutters shows that, when sampling he
treamssat'low belt loading where the particle-size distribution is very narrow, significant

uced'when the cutter speed exceeds 0,6 m/s or the cutter aperture is less than three timeg
ze of'the ore.

5 the nominal

designed to
ement.

bling system.

terogeneous
bias may be
the nominal

Based on this evidence, cutters that have a cutter aperture (/4) equal to three times the nominal top size of the
DRI or HBI shall not exceed a cutter speed of 0,6 m/s, so that significant bias is not introduced.

For cutters where the effective aperture (/) is in excess of three times the nominal top size (d), the maximum
cutter speed allowed (v¢) can be increased in accordance with the following equation, subject to a maximum
of 1,5 m/s:

ve :0,3[1+é—1d]

1) Gy, P. Sampling of particulate materials — Theory and Practice. Amsterdam: Elsevier, 1982.

©I1SO
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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 Secondary and subsequent samplers

The requirements for design and operation of secondary and subsequent samplers are identical to those for
primary samplers specified in 7.5.2 to 7.5.5.

The aperture of the sample cutter shall be at least three times the nominal top size of the DRI or HBI, or
10 mm, whichever is the greater.

7.7 On-lin

7.71

The sample-

Arrangement for sample preparation

e sample preparation

preparation plant shall be designed to carry out preparation of individual ingtements, indi

partial samp
handling pri
system whe

Sampling an
the sample-f
interval betw|

The sample-
desired parti
equipment s
through the

difficult to in
grinding ope

7.7.2 Crus

es or gross samples, in accordance with the requirements given in Clause 10. The syste
ary increments, from the primary sampling station to that stage of(the sample-prepa
size testing is undertaken, or where size and other physical test samples are taken, sh

idual
m for
ation
il be

carefully desjgned to avoid severe handling that could cause size degradation ofthe DRI or HBI sample]. The
number of transfer points, and the height of fall at each transfer point, shall be’kept to a minimum.
i sample-preparation installations may be either integrated or separate. For an integrated Igyout,
reparation installation shall be capable of completely processing each increment within thg time
ben two consecutive increments taken for the same purpose.
preparation equipment shall be capable of crushing, grinding and pulverizing the sample fo the
Cle size and then dividing the sample to the desjred mass without bias. The crushing and diyiding
nall be appropriately sealed to protect the samples from excessive air flow. The circulation [of air
pquipment shall also be reduced to a minimum, in order to prevent loss of fine materials. |f it is
corporate equipment for grinding to ‘minus 160 ym into the sample-preparation systemn}, the
ation may be carried out separately:
hers
e desired nominal top siZe ©of the sample at each stage of crushing, grinding or pulverizing, the

To obtain thg
equipment fg

7.7.3 Dividers

The following

a) cutter-ch

r these processes shall'be adjusted so that there will not be any oversize material remaining

are examples of dividers:

ute divider [same design as the primary sampler shown in Figure 1 a)];

b) slotted b

elt.divider [see Figure 3 a)];

c)
d)
e)

f)

22

chain bucket divider [see Figure 3 b)];
rotary sample divider [see Figure 3 c)];
rotary plate divider [see Figure 3 d)];

rotary cutter-chute divider [see Figure 3 e)].
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Key

1  glotted belt

2 feed

3 ipclined chute
4  divided sample
5 reject

a) Example.of slotted belt type divider

Figure 3=— Examples of mechanical dividers
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Key

1
2
3

24

feed
reject
divided s

bmple

b) Example of chain bucket type divider

Figure 3 (continued)
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Key

q

1
t
q

D A W N -

N

eed hopper

glide gate

ibratory feeder
emovable canisters
urntable

rive (enclosed)

c) Example of rotary sample divider

Key
1

2
3

Figure 3 (continued)

Ul

\S

-~
w

feed
reject

divided sample

d) Example of rotary plate type| divider

©180
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\/

3 l4
Yy

Key

1 feed

2 rotating hopper

3 reject

4  divided sample

€) Examples of rotary cutter-chute type dividers

Figure 3 (continued)

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

If the installation is such that the above requirements cannot be met, then a considerably larger number of
cuts than the specified minimum is required to minimize bias.
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It is recommended that a uniform feed be provided to the divider at each stage of division. The cutter aperture
shall be as specified in 7.5.4, and the cutter speed shall be constant (see 7.5.3 and 7.5.5).

7.7.4 Dryers

After the moisture sample has been extracted, a dryer may be used to dry the chemical analysis or physical
testing sample so that subsequent sample preparation can be carried out without difficulty. Drying shall be
conducted at or below 105°C, because above this temperature there may be a change in the chemical quality
of the sample. Care shall also be taken not to introduce other sources of bias, e.g., loss of fines during drying.

modified, or
B5) and bias
isual checks
n equipment
problem, or
and sample-

preparation precision better than those specified in 5.4 and 5.5.

The Iias of a sampling installation shall be checked by comparison with_fstopped-belt” sampling as specified

in Clause 9. Suitable quality parameters for checking bias include total Fe, metallic Fe and appprent density

(for HBI).

7.9 | Cleaning and maintenance

The $ampling system should be readily accessible to facilitate inspection, thorough cleaning, reppirs or check

expefiments.

Upon completion of sampling a lot, the major units of the installation should be cleaned either by @ising dry and

oil-frge compressed air, or by using a vacuum system. When a change is made in the type of DRI or HBI

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.

7.10| Example of a flowsheet

The yide variation in mechanical installations for sampling and sample preparation makes it impracticable to

describe a standardized”flowsheet. Consequently, only guidelines for constructing a new] mechanical

installation can be provided. An example of a flowsheet is shown in Figure 4, illustrating the following:

a) Imass-basis sampling;

b) ¢onstitution of a single gross sample from partial samples;

c) geparate preparation of chemical analysis and physical testing samples.
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LOT

nerement TT|TT TT|TT TT|TT

Partial sample First Second Final
50 kg 50 kg 50 kg
Gross sample
Approx. 1 200 kg
Increment division
600 kg 600 kg
Increment division Incfement division
| 300 kg
300 kg 300 kg discard
Bulk density
Increment division Increment divjsion Test sample
Test samples for 150 kg 150 kg
size analysis, Increment division
reserve sample |
75 kg 75 kg
Tumble Apparent density
Test sample Test sample
4 x Test portion 4 x Test portion
(15 kg each) (6 briquettes each)
Increment division

Chemical analysis
Test sample

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

To avoid bias, it is essential that increments are extracted from the lot, so that all parts of the lot have an equal
opportunity of being selected and becoming part of the final sample for analysis. This is not possible for
stationary lots of DRI or HBI, because no suitable implement exists that provides access to the full depth of
the lot and extracts a full-depth vertical column. Hence, sampling from moving streams when the stationary lot
is being moved is the only acceptable method of obtaining representative samples for determining the quality
characteristics of the lot.

9 Stopped-belt reference sampling

Stopled-belt sampling is the accepted method for obtaining a reference sample against whi¢h otLer sampling
procedures may be compared. The procedure is as follows:

a) determine the parameters for sampling in accordance with 4.2;

b) stop the belt at the time or mass intervals determined in accordance with 6.1.4or 6.2.4;
c) at each stoppage, place a suitably profiled sampling frame (see “Figure 5) with minihum internal
dimensions of 3 times the nominal top size of the DRI or HBI acrosS)the width of the statiorary belt, and
insert it through the DRI or HBI so that it is in contact with thebelt across its full width (in|practice, the

internal dimensions of the frame are usually set at 1 m);

d) ghould any DRI or HBI particles obstruct insertion of the sampling frame, push those at the Igft-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 DRI or HBI within the sampling frame; ensuring that all particles are collected [by sweeping
the belt clean, and deposit each increment into.a suitable container;

f) ) if paired comparisons are required“on an increment-by-increment basis, keep thg¢ increments
separate;

3

2) if the quality of the lot is required, combine the increments into partial samples or a grgss sample in
accordance with 10.2;

g) sfore the increments, partialLsamples or gross samples in labelled containers as specified in Clause 11.

Figure 5 — Example of a sampling frame for use on stopped belts
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10 Sample preparation

10.1 Fundamentals

10.1.1 Gene

ral

Sample preparation is carried out in a number of stages, each stage consisting of a series of crushing, mixing
and division operations. The 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.

S, SO

Check exper
that any sign

Sample prep
constituted f1

Partial samp|

individually t¢ an appropriate stage of division.

The gross s
been prepar

An example
sample from

10.1.2 Crus

Crushing anc
or HBI. The
taken not to
of the samp

between sanpples if necessary.

10.1.3 Mixin

Mixing the s|
reduced. Mi
possible, the

Examples of
a) mechan

b) passing

om increments, or on the gross sample constituted from partial samples or increments.

ments for prnr‘ieinn and bias shall be carried out rngnlnrly on-the Qnmpln_prnparnfinn proces

ficant errors in the procedure may be detected.

aration at the test sample stage may be conducted on each increment, on each partial sz
es are constituted from two or more increments, either as taken or after having been pre
mple is constituted from all the increments or partial samples, either as taken or after h

d individually to an appropriate stage of division.

of a sample-preparation scheme for constituting partial saiples from increments and a
partial samples is shown in Figure 4.

hing and grinding
grinding shall be conducted with equipment that'is suitable for the size and hardness of thg
trusher and grinder shall be purged with DRIkor HBI from the same source. Special care sh

pvergrind the DRI or HBI below a nominal top size of 160 um, because this may lead to oxiq
e. In addition, grinding equipment shall not be allowed to become hot and shall be c

g
bmple will make it more*homogeneous and consequently the errors in sample division W
ing is particularly important when samples from more than one source are combined. V)
sample-preparation.scheme should be designed so that the need for mixing is minimized.
suitable mixing-methods include:

cal mixers.such as a V-mixer;

the “'sample through a riffle or preferably a rotary sample divider three times in succes

recombi

mple

pared

aving

Jross

e DRI

Bl be

ation
boled

ill be
here

sion,

hing the portions after each pass. Dust losses must be minimized

NOTE
to that intende

d, and can lead to increased segregation.

10.1.4 Sample division

10.1.4.1

General

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

Sample division shall be carried out on the sample, crushed if necessary to an appropriate particle size, to
reduce the sample mass.

30
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To obtain the specified precision of sample preparation, the following aspects of division shall be considered:

a) nominal top size of the sample to be divided;

b) minimum mass of the sample after division (see 10.1.5), specified for each quality characteristic to be
determined.

10.1.4.2 Method of division

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

a) fhechanical increment division (see 10.3.7);

b) ¢ther mechanical-division methods (e.g., mechanically charged riffle divider, see 10.3:2);

c) manual division (see 10.4).

10.1.4.3 Types of division

When several increments or partial samples are prepared individually and.constituted into partial
grosq sample, the division of increments or partial samples shall be( conducted either by c

divisi

bn or by proportional division subject to the conditions set out in-10.2.1 and 10.2.2.

10.1.4.4 Types of divider

Acce

pbtable types of mechanical dividers include cutter-chute, slotted belt, chain bucket, rota

rotary plate, rotary cutter-chute and mechanically chargedriffle (see 10.3.2).

10.1

10.1.

10.1.

The

.p Mass of divided sample

5.1 Division of moisture and chemical analysis sample

5.1.1  Division of gross sample

Whe$ a gross sample is divided,\the minimum mass of the divided sample shall be in accordanceg

ross sample shall not-be-divided further than the mass given in Table 4 for the nominal tg

samgle until it is crushed-te-a smaller particle size, subject to an absolute minimum of 500 g

requi

©I1SO

rements for preparation of test samples for chemical analysis (see 10.7).

samples or a
bnstant-mass

ry container,

with Table 4.
p size of the
o satisfy the
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Table 4 — Examples of minimum mass of divided gross sample for moisture determination
and/or chemical analysis
Nominal top size of DRI or HBI Minimum mass of divided gross sample
mm kg
100 1 600
63,5 500
40 160
31,5 90
22,4 38
10 5
6,3 1,6
2,8 0,5
14 0,5
0,500 0,5
0,250 0,5
NOTE The minimum masses are indicative and subject to confirmation through international tests.
10.1.5.1.2 |Division of individual increments or partial sample

When increnjents or partial samples are divided, the division shall*be carried out ensuring that the mass pf the
gross sampl¢ for the lot obtained by combining divided increments or partial samples shall not be lesq than
the minimum(| divided-gross-sample mass given in Table 4.
10.1.5.2 Diyvision of physical testing sample
10.1.5.2.1 |Division of gross sample
When the gfoss sample for physical tésting is divided, the minimum mass of divided sample shall pe in
accordance \vith Table 5.
If the actuall percentage of the“Specified size fraction is considerably different from that in Table g, the
minimum m4gss of divided gross sample given in Table 5 may need to be increased in accordance with the
following eqyation derived.from the binomial rule:
P(100 =R
my = 3P0 ~R) (16)
Py(100-Fy)

where

my is the revised minimum mass of the divided gross sample to be adopted,

mg is the minimum mass of the divided gross sample specified in Table 5;

P is the actual percentage of the size fraction, which is considerably different from that specified in

Table 5;

Py is the mean percentage of the size fraction

NOTE If the calculated value of the revised minimum mass of divided gross sample, mg , is less than the mass, mg,

specified in Table 5, then the mass in Table 5 shall be adopted.

32

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=fa2c30d4f214dd0cce1c55c9909c4428

ISO 10835:2007(E)

Table 5 — Minimum mass of divided gross sample for physical testing

. Minimum mass of divided
Physical test gross sample, mg
kg
Size (— 31,5 + 6,3 mm DRI lump) — 6,3 mm fraction, mean 10 % 90
Size (DRI pellets) — 6,3 mm fraction, mean 5 % 90
— 25 + 6,3 mm fraction, mean 10 % 800
Size (— 100 mm HBI)
— 6,3 mm fraction, mean 10 % 800
Appdrent density 150
Tumlble and abrasion index 60
NOTH The minimum masses are indicative and subject to confirmation through international tests.

10.1.5.2.2 Division of individual increments or partial samples
When increments or partial samples are divided, the division shall be cafried out while ensuring that the mass

of thg gross sample for the lot obtained by combining divided incremi€nts or partial samples shall not be less
than the minimum divided-gross-sample mass specified in 10.1.52,.

10.1.p Split use and multiple use of sample
A sample taken from a lot and meeting the specific-requirements for determination of sgveral quality

characteristics may be subjected to split or multiple-ise to obtain test samples for moisture determination,
physical testing and chemical analysis.

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 $amples may
be constituted for individual parts of the lot. Furthermore, in some cases, according to samplg-preparation
requirements, it may be necessary to constitute partial samples first and then constitute a gross spmple.

10.2.2 Method of constitution for mass-basis sampling

10.2.2.1 Constitution of partial samples or a gross sample from increments

havingbeen prepared individually by constant-mass or proportional division to an appropriate sfage, may be
com

Whe’j\ the coefficient of variation of increment masses is under 20 %, the increments, either as Tzken or after
ilIUd iIItU }Jdltidi Ddlllp:cb Ul a yIUDD DdIII}JIU.

However, when the coefficient of variation of increment masses is 20 % or over, the increments as taken shall
not be combined into partial samples or a gross sample. Individual increments shall first be divided by
constant-mass division at a practical stage. The prepared increments may then be combined into partial
samples or a gross sample at an appropriate stage.

Alternatively, each increment may be prepared to the test sample stage and subjected to quality determination.

10.2.2.2 Constitution of a gross sample from partial samples

Partial samples constituted in accordance with 10.2.2.1 may be combined into a gross sample.
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When division is carried out on each partial sample to constitute a gross sample, division shall be carried out

as follows:

a)
shall be

b)

used;

10.2.3 Method of constitution for time-basis sampling

10.2.3.1

Constitution of partial samples or a gross sample from increments

if the partial samples consist of an equal number of increments, constant-mass or proportional division

if the partial samples consist of different numbers of increments, only proportional division shall be used.

Increments,
masses of i
combined to

10.2.3.2 Constitution of a gross sample from partial samples

Partial samp
the variation

However, wh
constitute a ¢

10.3 Mechanical methods of division

10.3.1 Mech

10.3.1.1

The chemic3
cutter-type d

10.3.1.2 Mass of increment (cut)

The mass of
uniform and

NOTE Al
taking a unifor

The cutting 4

General

bs taken, may be combined into partial samples or a gross sample, irrespective of the yvariat
ncrements. When division is carried out on each increment and the divided increment
constitute partial samples or a gross sample, proportional division shall be used.

es constituted in accordance with 10.2.2.1 may be combined into a gross sample irrespect
of masses of partial samples.

en division is carried out on each partial sample and the divided partial samples are combir
ross sample, proportional division shall be used.

anical increment division

| analysis and physical testing samples)may be divided by mechanical increment division us
vider in accordance with the conditions in 10.3.1.2 to 10.3.1.6.

each cut shall be uniferm. In order to achieve this, the flow of sample to be divided sh
he cutting aperture and’speed of the cutter shall be constant.

ernatively, a combination of variable feed rate of sample and variable cutter speed may be consider
Im cut.

perture-shall be at least 3 times the nominal top size of the DRI or HBI sample to be divided

10.3.1.3 Nlilmber of increments (cuts)

on of

5 are

ve of

ed to

ing a

il be

ed for

The number of cuts, r; , for division of increments, partial samples and gross samples should be determined
experimentally from the quality variation, o, » of the stream to be divided and the required sampling precision,
ﬂsi , for the particular sampling stage, i, using the following equation:

y

Bs,

:

(17)

However, if no information is available on the quality variation for the particular sampling stage, the following
number of cuts may be used as a starting point.
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a) Division of a gross sample:

— a minimum of 20.

b) Division 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.

c) Division of individual increment

Whe

sample to be divided.

When proportional division is applied, the interval between cuts shall.be‘eonstant, irrespective of
of masses of samples to be divided.

10.3.1.5 Avoiding bias

To ayoid bias, the first cut for each sample to be divided~shall be taken at a random position W
interval.

10.3.1.6 Mass of divided sample

The minimum mass of divided sample shall €enform to the requirements of 10.1.5.

10.3.

10.3.

The

mechanical dividers othér than cutter-type dividers, e.g. a mechanically charged riffle.

10.3

The hinimumimass of divided sample shall conform to the requirements of 10.1.5.

10.4

10.4.

10.4.

10.3.[.4 Interval between cuts

.L.2 Mass ofdivided sample

— for constant-mass division, a minimum of four;

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

constant-mass division is used, the interval between cuts shall be variedyaccording to the

P Other mechanical-division methods

.1 General

physical testing sample, moisture sample and sample for chemical analysis may be ¢

Manual methods of division

1 Manual increment division

1.1 General

mass of the

the variation

ithin the first

ivided using

Manual increment division can only be applied to DRI or crushed HBI of less that 40 mm nominal top size.
Division shall be carried out using an increment division scoop of the type and dimensions shown in Figure 6
and Table 6. The scoop shall be constructed from stainless steel and shall be non-magnetic.

10.4.

Thei

©I1SO

1.2 Mass of increment

ncrement masses shall be approximately equal and shall be as specified in Table 6.
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10.4.1.3 Mass of increment

The increment masses shall be approximately equal and shall be as specified in Table 6.

Table 6 -

et

A

y

Figure 6 — Example of an increment scoop

for manualdncrement division

- Nominal top size, thickness of spread-.sample, scoop dimensions and increment mags

Nominal top size Thicknass of S Dimensions of increment scoop Incremgnt
spread sample coop mass
number
mm mm mm kg
Over Up to a b c d
22,4 40 80 31,5D 180 120 180 150 4,5
10 D2.4 50 22,4D 120 100 120 100 1,8
6,3 10 30 10D 75 40 75 60 0,25
2,8 6,3 20 6,3D 50 30 50 40 0,08
1 2,8 15 2,8D 40 25 40 30 0,05
I U L) p4e) ZU p4e) ZU U,UTo
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The number of increments for manual increment division shall be as specified in Table 7.

Table 7 — Number of increments for manual increment division

Sample type Number of manual increments
Gross sample 20
Partial sample 12

4

Drimmar, incramant
oy THorerient

10.4.1.5 Mass of divided sample

The minimum mass of divided sample shall conform to the requirements of 10.1.5.

10.4.1.6 Procedure

Mandal increment division method shall be carried out as follows.

a) $pread the sample to be divided on a smooth flat plate“(hon-moisture absorbing) in th
fectangle with uniform sample thickness as specified in Table 6.

b) Mark a matrix on the spread sample, dividing it intecthhe number of parts corresponding to
umber of increments specified in Table 7.

c) elect an appropriate scoop from Table 6, according to the nominal top size of the DRI or cr|

e divided, and collect one increment of.@pproximately equal mass from each part of th
Ipcation being selected at random in eaeh.part).

e) Lift the scoop and bump plate together to ensure that no sample is lost from the sc

minimizing bias.

Insert a flat bump plate vertically through the spread sample until it comes into contact wi

gurface. Then thrust the scoop down to the bottom of the sample layer, and take the increms

the scoop horizontally until jits;6pen end comes into contact with the bump plate, ensuring {hat all of the
ore particles are collected(from the top of the mixing surface.

e form of a

he minimum

ushed HBI to
e matrix (the

h the mixing
nt by moving

bop, thereby

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

Figure 7 llustrates the division of a gross sample by the manual increment division method.

© 1SO 2007 — All rights reserved

37


https://standardsiso.com/api/?name=fa2c30d4f214dd0cce1c55c9909c4428

ISO 10835:2007(E)

@ @

Spread the crushed gross sample into a rectangle Arrange in 20 equal parts, e.g. into 5 equal parts
with a thickness as specified in Table 6 lengthwise and 4 equal parts breadthwise

(©)

N

[

Outline of taking an increment by using a bump plate
shown in @

Take a scoopful of sample at random from each of the
20 parts by inserting the scoop to the bottom of the
sample layer, and combine the 20 scoops full of

sample into a divided sample

Key
1 bump plate

Figure 7 — Example of manual increment division of a gross sample (20 parts)

10.4.2 Fractional shoveling

10.4.2.1 General

Division by fractional shoveling is applicable to DRI, HBI briquettes and crushed HBI.
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10.4.2.2 Number of increments

The number of increments for division using factional shoveling shall be as specified in 10.3.1.3.

10.4.2.3 Mass of divided sample

The minimum mass of divided sample shall conform to the requirements of 10.1.5.

10.4.2.4 Procedure

Fractional shoveling shall be carried out as follows:

a)

b)

ix the DRI or HBI, and form a conical heap on a smooth clean surface;
ake successive shovelfuls from the base of the heap, working around the base ‘until the w
eap has been redistributed, by placing the shovelfuls on separate heaps. d-he number
¢onform to the requirements of 10.3.1.3.

$elect at random the heap to be retained.

Figure 8 — Example of manual division using fractional shovelling

10.4.3 Manual riffle division method

10.4.3.1 General

determined by the division ratio, e.g. if a 1 in 5 division ration is required, five\heaps, N4, N4,
N5, are formed as shown in Figure 8. The number of shovelfuls (increments) placed on eagh heap shall

hole conical
of heaps is
N3, N, and

Manual riffle division is applicable to DRI or crushed HBI not exceeding 22,4 mm nominal top size. It shall be
carried out in accordance with the procedures specified below.
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10.4.3.2 Selection of riffle divider

An appropriate riffle divider specified in Table 8 shall be selected to match the nominal top size of the DRI or
crushed HBI. Details on the dimensions and design of riffles can be found in Annex C.

Table 8 — Nominal top size of sample and size of riffle divider

Nominal top size Riffle-divider number Riffle opening
mm mm

Over Up to and including

16,0 22,4 50 50 +1

10,0 16,0 30 30£1

5,00 10,0 20 20 £A

2,80 5,00 10 100%,0,5
2,80 6 6+0,5

10.4.3.3 Mass of divided sample

The minimum mass of divided sample shall conform to the requirements.of 10.1.5.

10.4.3.4 Procedure
Place the sgmple to be divided in a container after mixing;~and divide it into two by dropping the sgmple
uniformly, with gentle shaking of the container, into the middle of the riffles (at right angles to the riffle). Jne of
the two divided samples should be selected at random,n order to avoid introducing any bias.

Care shall bg taken not to leave any material remaining in the slots of the riffle divider.

10.5 Preparation of test sample for physical testing

Each incremgnt, each partial sample 0rjthe gross sample taken for size determination, or the divided sgmple
obtained by dlivision of the size samiple without crushing, shall be used, and size determination shall be carried
out in accordance with the methgd specified in ISO 4701.

Each incremient, each partial ssample or the gross sample taken for other physical tests, such as apgarent

density, tumple index and abrasion index, shall be used, and physical testing shall be carried qut in
accordance vith the relevant International Standard.

10.6 Prepdration of test sample for moisture determination

In mass-basis sampling, the test sample for moisture determination may be taken from each increment, each
partial sample or the gross sample. In time-basis sampling, the test sample should be taken from each partial
sample or the gross sample, to ensure that the specified mass is obtained.

The moisture sample shall be kept in an airtight, non-absorbent container to avoid any change in moisture
prior to determination of moisture content in accordance with ISO 3087.

If necessary, the moisture sample shall be crushed to either — 31,5 mm, — 22,4 mm or — 10 mm, as specified
in ISO 3087. 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 sample of 10 kg minimum for — 31,5 mm, 5 kg minimum for — 22,4 mm, or
1 kg minimum for — 10 mm particle size, one of the methods of division specified in 10.1.4.2 shall be used. As
specified in ISO 3087, the minimum mass of divided sample given in Table 4 and calculated by Equation (16)
no longer applies.
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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 1 Instead of preparing one test sample of 10 kg minimum at — 31,5 mm, two test portions, of 5 kg minimum each,
may be prepared by dividing the test sample of 10 kg minimum into two parts.

NOTE2 A check is recommended to determine whether the — 10 mm test sample is biased with respect to the
— 22,4 mm or — 31,5 mm test sample.

It is recommended that m0|sture test samples be prepared by manual increment division specmed in 10.4.1 to
minimize moistur ied in Table 6, may
be uged for this purpose for ores of nominal top size 31,5 mm, 22,4 mm, 10 mm or under. Howegver, the test
sampgle thus obtained must not be used for preparation of a sample for chemlcal analysis.

The mass of the test sample shall be determined immediately. When the immediate déterminatipn of mass is
not ppssible, the sample shall be packed tightly in a moisture-proof container and keptin an envjronment that
has gpproximately constant temperature and humidity.

The frelationship between each increment or partial sample and each part-(by mass) of the| lot shall be
recorgded.

The pumber of test portions for moisture determination should be as-specified in Table 9.

Table 9 — Number of test portions for.moisture determination

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

10.7| Preparation of test sample for chemical analysis

10.7.1 Mass and particle size

The pominal fep size of the test sample for chemical analysis shall be 160 um. The preferred [method is to
prepare test samples for chemical analysis of 100 g from the divided gross sample of 250 um norpinal top size.
Howeveri.if'a grinder of appropriate capacity is utilized, a test sample for chemical analysis of 16( um nominal
top s|ze“ean be prepared directly from samples coarser than 250 ym nominal top size. T

10.7.2 Preparation to — 250 pm

If each increment, each partial sample or the gross sample is ground to — 250 um in particle size, this shall be
carried out by repeating crushing and division according to 10.3 or 10.4. When the division is conducted on an
individual increment or partial sample 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 ym particle size shall be ground to
a nominal top size of 160 uym.

The mass of the — 250 um sample shall be sufficient to generate the required number of exchange samples.
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10.7.3 Final

10.7.3.1

preparation to — 160 pm

Type of grinder

Several types of grinders may be used to grind the sample for chemical analysis to a nominal top size of
160 um, such as a top grinder, a disc grinder, a pot mill or a vibrating mill. Grinders shall be selected that do
not generate excessive heat during the grinding operation. As a guide, grinders shall not be too hot to touch at
the end of the grinding operation.

The material of construction of the grinder shall be carefully selected so that the chemical composition of the

sample does

not change during the grinding operation.

It is recomm
chemical con

10.7.3.2 Dr

The whole o
appropriate ¢
into a numb
because grin
nominal top

after grinding, samples shall not be ground to nominal top sizes below 160 um. The nominal top si

samples afte]
that they are

To ensure th
number of th

a) reducing

b) useofa

¢) grinding
d) grinding
In all cases,
grinding bow
grinding ope
The grinding

Grinding by
reference pu

bnded that an experiment be carried out, in accordance with 1ISO 3086, to check whether b
nposition has been introduced by the grinding operation.

y grinding

the chemical analysis sample should be ground once to a nominal top size of 160 um usi
rinder. When the grinding of the sample cannot be carried out once, the~sample may be di
er of parts for separate grinding. This also reduces the generation.-of heat during grin
ding times are reduced with smaller charges. After all the divided(parts have been groung
size of 160 uym, they shall be mixed thoroughly in a suitable mixer. To avoid oxidation of sar
I grinding shall therefore be checked regularly as part of a.quality-assurance program, to e
not being overground.

b following precautions shall be taken:

the grinding time by grinding smaller charges;

single pass, straight-through type of grinding mill;

for the minimum time, e.g. less that“1 min, to attain the required nominal top size;

under an inert atmosphere by 'gently purging the inside of the grinding bow! with dry nitroger
| shall not be too hetyto touch. The grinding bowl shall therefore be allowed to cool bet
ations. Alternativély, the grinding bowl may be cooled during grinding with dry nitrogen gas.

bowl shall befree of moisture, and no moisture shall be added during the grinding operation

Bn agate~pestle and mortar, hand rolling or other suitable manual methods should be useg
‘poses.

as in

g an
vided
ding,
to a
hples
ze of
hsure

at the chemical composition of the sample does net.change during grinding operations, ong¢ or a

gas.

it is essential that the"grinding bowl does not become excessively hot during grinding, i.¢. the

ween

d for

10.7.4 Distr

bution of samples for chemical analysis

A set of not less than four test samples for chemical analysis, each of 100 g minimum, shall be prepared from
the 160 um sample by an appropriate division method. The test samples to be distributed shall be placed in
suitable containers, sealed, and clearly marked in accordance with Clause 11.

One sample shall be provided for the seller, one for the purchaser, one for the arbitrator, and, if required, one

is to be held
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in reserve. The reserve sample shall be retained for 6 months.
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