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Foreword

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

liaison with
Commissio

Internationd

Draft Intern
Publication

Attention is
patent right

Internationg
methods, S

1ISO 11648
Part 1:

Part 2:

It is the intg
gases, if the

Annexes A

SO, also take part n the work. 1SO collaborates closely with the Internatonal Elecirq
n (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’3.

htional Standards adopted by the technical committees are circulated to the member bodies f
as an International Standard requires approval by at least 75 % of the member bodies casting

drawn to the possibility that some of the elements of this part of 1ISO.11648 may be the g
5. ISO shall not be held responsible for identifying any or all such patent-rights.

| Standard 1SO 11648-2 was prepared by Technical Committee’ ISO/TC 69, Applications of
Libcommittee SC 3, Application of statistical methods in standardization.

General principles
Sampling of particulate materials

ntion of ISO/TC 69/SC 3 to develop additional parts to ISO 11648 to cover the sampling of lig
e need exists.

fo J of this part of ISO 11648 are-for information only.

technical

br voting.
B vVote.

ubject of

Statistical

consists of the following parts, under the general title Statistical aspects of sampling from bulk faterials:

uids and

© ISO 2001 - All rights reserved


https://standardsiso.com/api/?name=22665886c1ee47de668847f74dfbeea7

ISO 11648-2:2001(E)

Introduction

This part of ISO 11648 gives the basic methods for sampling bulk particulate materials in bulk (e.g. ores, mineral
concentrates, coal, industrial chemicals in powder and granular form, and agricultural products such as grain) from
moving streams and stationary situations.

Part 1 of [SO 11648 gives a broad outline of the statistical aspects of sampling from bulk materials.
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Statistical aspects of sampling from bulk materials —

Part 2
| f t | terial
Sampling-of particulate materials
1 Scagpe
This part|of ISO 11648 establishes the basic methods for sampling particulate materials in bulk (e.g. o

concentr
moving S
or more
chemical
inspectio
mean of
variables

Stopped-
sampling
through t
primary i
cross-be
dynamic

Static sal

ships andl barges, silos, and even comparatively small volumes, is used only where sampling from moyj

is not po
lot usua
requirem
The prog
with impl

For thes¢ reasons, this)part of ISO 11648 is primarily concerned with dynamic sampling from moving
pelt static sampling from conveyor belts and is based on a sampling model for one-dimensional lots.

stopped-
Nonethe
cannot b

This part

htes, coal, industrial chemicals in powder or granular form, and agricultdral products such as
treams and stationary situations, including stopped-belt sampling, to.provide samples for me
variables in an unbiased manner and with a known degree of precision. The variables are nj
analysis and/or physical testing. These sampling methods are-applicable to materials

h to verify compliance with product specifications or contract settlements, to calculate the val
a measurable quantity as a basis for settlement between/trading partners, or to estimate
and variances that describes a system or procedure.

belt sampling is the reference method against which‘other sampling procedures are comparg
from moving streams is the preferred method whereby a sampling device (called a cutter
he stream of the particulate material. A complete-cross-section of the moving stream can be re|
hcrement at a conveyor belt transfer point with’ a falling-stream cutter, or removed from the
t cutter. In both cases, the selection and ex{raction of increments can be described by a one-
sampling model.

bsible. Such sampling from three-dimensional lots is prone to systematic errors, because some
ly have reduced or no chance of being collected for the gross sample. This is in violg
ent of the three-dimensional sampling model that all parts have an equal probability of bein
edures described in-this part of 1ISO 11648 for sampling from stationary lots of bulk particul
bments such as mechanical augers merely minimize some of the systematic sampling errors.

ess, procedures for static sampling from three-dimensional lots are provided where thes
b avoided:

of4S0 11648 is concerned with the methods of sampling particulate materials in bulk with the

res, mineral
grain) from
asuring one
easured by
at require

J‘h
e of the lot

the set of

d. Dynamic

is passed
moved as a
belt with a
Himensional

mpling of bulk material from statiohary situations, such as stockpiles, rail or road wagons, the holds of

ng streams
parts of the
tion of the
g collected.
hte material

streams or

b situations

objective of

obtainin

unblased measurements Or orie or more varlaples Ol the Tmaterial WItn a KNnowrn dedgree

f precision.

However, it does not provide methods for deciding whether to accept or reject a bulk material lot with specified
degrees of risk of accepting a sub-standard lot, or of rejecting what is in fact an acceptable lot. These latter

procedur

es are usually called acceptance sampling or sampling inspection methods.
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2 Norm

ative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO 11648. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 11648 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain

registers of

currently valid International Standards.

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

openings.

ISO 3084, |
ISO 3085, |
ISO 3086, |
ISO 3534 (4

ISO 5725-1
and definitig

ISO 5725-2
the determi

ISO 5725-3
measures d

ISO 5725-4
the determi

ISO 5725-6
accuracy va

ISO 11648-

ISO 13909-
sampling, s

ISO 13909+

Guide to thg
1995.

fon ores — Experimental methods for evaluation of quality variation.

fon ores — Experimental methods for checking the precision of sampling.
fon ores — Experimental methods for checking the bias of sampling.

|l parts), Statistics — Vocabulary and symbols.

Accuracy (trueness and precision) of measurement methods and results — Part 1: General
ns.

Accuracy (trueness and precision) of measurement methadsvand results — Part 2: Basic m
hation of repeatability and reproducibility of a standard measurement method.

Accuracy (trueness and precision) of measurement methods and results — Part 3: Intg
f the precision of a standard measurement method:

Accuracy (trueness and precision) of measurement methods and results — Part 4: Basic meg
nation of the trueness of a standard measurement method.

Accuracy (trueness and precision).of_measurement methods and results — Part 6: Use in p
llues.

1:.—1), Statistical aspects of.sampling from bulk materials — Part 1: General principles.

7:—1), Hard coal and ceke"— Mechanical sampling — Part 7: Methods for determining the prg
ample preparation and-testing.

B:—1), Hard codl'and coke — Mechanical sampling — Part 8: Methods of testing for bias.

expression\@f uncertainty in measurement (GUM). BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML, 1

brinciples

ethod for

rmediate

thods for

ractice of

pcision of

5t edition,

3 Terms;,defimtionsamd-symbofs

3.1 Terms and definitions

For the purpose of this part of ISO 11648, the terms and definitions of ISO 3534 (all parts) and the following (taken
from the current draft revision of ISO 3534-2) apply.

NOTE
sampling.

1

To be published.

The text (bulk material) shown after terms means the definition given is confined to the field of bulk material
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3.1.1
bulk material
amount of material within which component parts are not initially distinguishable on the macroscopic level

3.1.2
sample
(bulk material) subset of a specified population made up of one or more sampling units

3.1.3
sampling
act of drawing or constituting a sample

3.14
simple random sampling
sampling| where a sample of n sampling units is taken from a population in such a way that-all compinations of
n sampling units have the same probability of being taken

NOTE In bulk material sampling, if the sampling unit is an increment, the positioning, delimitation and |extraction of
increments should ensure that all sampling units have an equal probability of being selected.

3.15

stratum
mutually | exclusive and exhaustive sub-population considered to be mofte homogeneous with respect to the
charactefistic investigated than the total population

EXAMPLES In bulk material, strata, based on time, mass and space; are typically production periods (p.g. 15 min),
production masses (e.g. 100 t), holds in vessels, wagons in a train, or centainers.

3.1.6
stratified sampling
sampling| such that portions of the sample are drawn from the different strata and each stratum is sampled with at
least ong sampling unit

NOTE In some cases, the portions are specifiedproportions determined in advance. However, in post-stratified sampling,
the specifled proportions would not be known in advance.

3.1.7
stratified simple random sampling
simple rgndom sampling from each stratum

3.1.8
systematic sampling
sampling|according to a¢methodical scheme

NOTE 1 | In bulk sampling, systematic sampling may be achieved by taking items at fixed distances or after timg intervals of
fixed lengfh. Intervals may, for example, be on a mass or time basis. In the case of a mass basis, sampling units @r increments
should be| of equakmass. With respect to a time basis, sampling units or increments should be taken from a moving stream or
conveyor,| for‘example, at uniform time intervals. In this case, the mass of each sampling unit or increment should be
proportionjalto the mass flow rate at the instant of taking the entity or increment. T

NOTE 2  If the lot is divided into strata, stratified systematic sampling can be carried out by taking increments at the same
relative locations within each stratum.

3.1.9

sampling unit

(bulk material) one of the member parts, each with equal probability of selection in sampling, into which a
population, comprised of the total quantity of bulk material under consideration, is divided

NOTE 1 In bulk sampling, the operative characteristics of the sampling unit are that the probability of selection of all sampling
units should be equal and that the entire sampling unit becomes part of the sample when it is selected.

NOTE 2  When sampling from a bulk material is performed by extraction of individual increments, the sampling unit is the
primary increment.

© ISO 2001 - All rights reserved 3
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3.1.10
precision

closeness of agreement between independent test results obtained under stipulated conditions

NOTE1
value.

NOTE 2

test result. Less precision is reflected by a larger standard deviation.

NOTE 3

Precision depends only on the distribution of random errors and does not relate to the true value or the specified

The measure of precision is usually expressed in terms of imprecision and computed as a standard deviation of the

Quantitative measures of precision depend critically on the stipulated conditions. Repeatability and reproducibility

conditions ar

3.1.11
bias
difference 4

NOTE 1 H
components
bias value.

NOTE 2 )
appropriate 1

“indicati

3.1.12
lot
(bulk mater

. I " r " b Ldornrpal Lides
particuialr STLS UT TAUTITIT SUpPUTaAttu CUTTUTUUTTS.

etween the expectation of a test result and an accepted reference value

ias is the total systematic error as contrasted to random error. There may be onelor more systen
contributing to the bias. A larger systematic difference from the accepted referencé.value is reflected

he bias of a measurement instrument is normally estimated by averaging the error of indication

umber of repeated measurements. In this case, the error of indication is,the

pbn of a measuring instrument minus a true value of the corresponding‘input quantity”.

al) definite part of a population, comprised of the total quantity of bulk material under considerg

where this part is considered as a quantity of material for which specific characteristics are to be determing

NOTE [«
becomes theg

3.1.13
sub-lot
(bulk mater

3.1.14
increment

(bulk mater

NOTE 1 1
lot have an ¢

[«

N

NOTE 2
a primary ing
which is extr

Commerce in bulk material often encompasses, transactions involving single lots, and, in these casg
population.

al) definite part of a lot of bulk-material

aly quantity of bulk material taken in one action by a sampling device

qual probability.of being selected.

bampling:is often carried out in progressive mechanical stages, in which case it is necessary to distinguis
rementwhich is a sampling unit that is extracted from the lot at the first sampling stage, and a secondary
hcted from the primary increment at the secondary sampling stage, and so on.

hatic error
y a larger

over an

ition, and
d

s, the lot

he positioningy delimitation and extraction of the increment should ensure that all parts of the bulk matgrial in the

h between
increment

3.1.15
composite

sample

(bulk material) aggregation of two or more increments taken from a lot

3.1.16

gross sample
(bulk material) aggregation of all the increments taken from a sub-lot or lot by the procedures of routine sampling

3.1.17

test sample
(bulk material) sample, as prepared for testing or analysis, the whole quantity or a part of it being used for testing or
analysis at one time

© 1SO 2001 — All rights reserved
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NOTE The term may be used in such ways as “test sample for chemical analysis”, “test sample for moisture
determination”, “test sample for particle size determination” and “test sample for physical testing”.

3.1.18
test portion
(bulk material) part of a test sample which is used for analysis or testing at one time

3.1.19

multi-stage sampling

(bulk material) sampling in which the sample is selected by stages, the sampling units at each stage being sampled
from the larger sampling units chosen at the previous stage

3.1.20
routine gampling
(bulk material) sampling for commercial purposes carried out by the stipulated procedures in the specific
Internatignal Standard in order to determine the average quality of the lot

NOTE The term “regular sampling” is sometimes used as an alternative to “routine sampling®,

3.1.21
experimental sampling
(bulk material) non-routine sampling where special purpose experimental design is applied to investigat¢ sources of
variance [and/or sampling bias

3.1.22
interpenkgtrating sampling
(bulk material) replicate sampling from several lots or sub-lots, where for each lot i or sub-lot i, consecutive primary
incremernts are diverted in rotation into different containers<to’ give multiple composite samples (A;, Bi, Cj, ...) in
order to ipvestigate the variance between the increments.inithe lot or the sub-lot

NOTE 1 | The term “interleaved sampling” is sometimes.used as an alternative to “interpenetrating sampling”.

NOTE 2 | Most interpenetrating sampling schemes use a duplicate sampling method with composite sample pairs (Aj, Bj)
being congtituted for each lot i or sub-lot i.

3.1.23
replicatg sampling
(bulk magerialy sampling where increments are taken simultaneously or consecutively in pairs in order fo constitute
multiple gomposite samples

3.1.24
duplicate sampling
(bulk material) replicate sampling where increments are taken simultaneously or consecutively in pairg in order to
constitute two composite samples

NOTE Ddaplicate sampling is a special case of replicate sampling.

3.1.25
manual sampling
(bulk material) collection of increments by human effort

3.1.26
mechanical sampling
(bulk material) collection of increments by mechanical means

3.1.27

cut
(bulk material) single traverse of the sample cutter, in mechanical sampling, through the stream

© ISO 2001 - All rights reserved 5
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3.1.28

sample preparation
(bulk material) set of material operations necessary to transform a sample into a test sample

EXAMPLE

NOTE

Reduction of sizes, mixing and dividing.

For particulate materials, the completion of each operation of sample division defines the commencement of the

next sample preparation stage. Thus the number of stages in sample preparation is equal to the number of divisions made.

3.1.29

sample reduction

(bulk mate
pulverizatio

3.1.30
sample div
(bulk maten

| H Il H L L 1 | . H ] () Lo
Ial;, PIrotttos 1T sallipic pJrcpyal (J.tIUII WIITTITTUY tllﬂ paltluc S1ZT 15 TTUultU Uy CLIustinty, yi
N

ision
aly process in sample preparation whereby a sample of a bulk material is divided’ by such n

inding or

neans as

riffling, medhanical division, or quartering into separate parts, one or more of which is retained

EXAMPLE Riffling, mechanical division or quartering.

3.1.31

fixed ratio fivision

(bulk materfal) sample division in which the retained parts from individual;samples are a constant proportjon of the
original

3.1.32

fixed mass| division

(bulk matetial) sample division in which the retained divided“\parts are of almost uniform mass, irresy

variations ir

3.1.33

sample dry
(bulk mater
level which

3.1.34
routine sa
(bulk mater

mass of the samples being divided

ing
al) process in sample preparation of\partial drying of the sample to bring its moisture content
will not bias the results of further testing or sample preparation

nple preparation
al) sample preparation-earried out by the stipulated procedures in the specific International St

order to determine the average quality of the lot

3.1.35
non-routin
(bulk mater

3.1.36
nominal to

b sample préparation
aly sample preparation carried out for experimental sampling

D Size

ective of

near to a

andard in

(bulk mater

aby particle size expressed by theaperture gimeTnsiom of thetestsieve (fronTa square frofesi

complying with ISO 565) on which no more than 5 % of the sample is retained

3.1.37

nominal bottom size
(bulk material) particle size expressed by the aperture dimension of the test sieve (from a square hole sieve series
complying with ISO 565) through which no more than 5 % of the sample passes

3.1.38

quality variation

e series

(bulk material) standard deviation of the quality characteristics determined either by estimating the variance
between interpenetrating samples taken from the lot or sub-lot, or by estimating the variance from a variographic
analysis of the differences between individual increments separated by various lagged intervals
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3.1.39

sampling procedure
(bulk material) operational requirements and/or instructions relating to taking increments and constituting a sample

3.1.40

sample preparation procedure
(bulk material) operational requirements and/or instructions relating to methods and criteria for sample division

3.141

sampling scheme

(bulk majeri

ISO 11648-2:2001(E)

ication of the

The scheme may specify, for example, that the sampling shall be systematic and in two stages. I combination
with the specification of the type of sampling, the scheme, in this example, also may specify the number-of increments to be

3.2 Symbols

a lot, the number of composite samples (or gross samples) per lot, the number of teSt/samples pgr composite

erial) operational mechanism and/or mechanical installation for taking‘inerements and sample preparation

A list of gymbols used in this part of ISO 11648 is presented in Table 1 with short descriptions of symb¢l meanings
and references to the subclauses where the symbols are first mentioned. Table 2 gives a list of subscrigts with their
meaning$ that are used in this part of ISO 11648.

Table 1 — Symbols

Symbol Meaning Units Firsf mention
random component of variance of the corrected variogram and
Acor e — 5.3.2
equal to its intercept
derived variagram intercept for the increment mass to be used for
Ader ; — 8.2.2
sampling
kg/mm3
Ar constant uged to calculate_ the fundamental error component of the or 5392
variogram intercept and with the units of a density kg/m3 x 10-9
Ao constant derived from a least squares fit to between-sample . 922
_ measurement of the quality characteristic of the test sample 533
a prepared from sub-lot sample A o ~
B gradient (i.e. slope) of variogram, for mass-basis sampling, or for min-1 (time) 532
time-basis sampling t-1 (mass) e
b effective aperture width of cutter mm 13.3.4
b measurement of the quality characteristic of the test sample 533
! prepared from sub-lot sample B; o o

© ISO 2001 - All rights reserved
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Table 1 — Symbols (continued)

Symbol | Meaning Units First mention
Bmin minimum cutting aperture width m 7.2
d nominal top size of particles mm 53.2
d lower size limit and define_d as the_finest sieve aperture width that mm 923
passes 5 % of the undersized particles
d nominal top size at which complete liberation occurs mm 9.2.3
€del increment-delimitation error — 5p.1
e increment-extraction error — 5.p.1
e fundamental error — 5.1
G segregation and grouping error — 5.p.1
ep preparation error (also known as accessory error) — 5p.1
€01 short-range quality fluctuation error — 5p.1
€qQ2 long-range quality fluctuation error — 5p.1
€03 periodic quality fluctuation error — 5p.1
er total sampling error — 5.p.1
ew weighting error — 5.p.1
fcomp mineralogical composition factor t/m3 9.3
fy size range factor — 9.2.3
fs particle shape factor — 9.3
H heterogeneity index of the bulk material — 9.24
Hs heterogeneity index for the size range S of the bulk material — 9.24
i index designating the number of an increment or sub-lot depending . 582
on context
3 total number of particles_in the experimental method for determining . 9b4
fundamental error
J index designating t_hge number of a particle in the experimental . 9b4
method for determining fundamental error
K number _of’increments defining the lag of a variogram value; or in . 582
5.4, thesnumber of sub-lot samples
My gross'sample mass kg 58.2
m jacrement mass kg 5.8.2
Miot total mass for lot t 53.2
my estimate of the mass of par_ticlgs in the size range d/2 to d and used kg 924
to calculate the heterogeneity index
Mel combin_ed dry mass of the_pa_rticles selected in the method to kg 924
determine the heterogeneity index
mis increment mass to be used for routine sampling kg 8.2.2
Msub mass of the sub-lot t 8.2.1

8 © I1SO 2001 — Al rights reserved
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Table 1 — Symbols (continued)

Symbol Meaning Units First mention
my mass of container plus lid plus material test portion kg 20.4.2
117) mass of drying tray kg 20.4.2
s mass of dry container plus lid plus drying tray plus material test kg 20.4.2

portion
my mass of dry empty container kg 20.4.2
n number of increments — 53.2
n number of increments comprising each subsample A; or B; — 5.3.3
Niot minimum number of increments for the lot 16.5
Nsub number of increments taken from each sub-lot — 16.2
q flow rate of bulk material stream t/h 7.2
R range of paired measurements — 5.3.3
R average of the ranges R, — 5.3.3
r number of replicate determinations — 54
sés between-sample variance — 9.2.2
Sgomp composition variance of a unit mass increment — 5.3.2
3 distribution variance — 5.3.2
s,% fundamental error variance — 5.3.2
sé segregation and grouping error.variance — 5.3.2
s,2 primary increment variance — 5.3.3
s,zunC uncorrected incrementwariance — 5.3.3
s,%,l measurement (or\analysis) variance — 5.4
s,% sample preparation variance — 54
s,%M sample preparation and measurement variance — 5.3.3
sél short-range quality fluctuation variance — 531
séz long-range quality fluctuation variance — 5.3.1
2, relative variance — 9.2.4
s% sampling variance — 5.3.1
s3; primary sampling variance — 5.4
séz secondary sampling variance — 5.4
s§3 tertiary sampling variance — 5.4
sgub sub-lot variance — 16.5

© ISO 2001 - All rights reserved 9
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Table 1 — Symbols (continued)

Symbol | Meaning Units First mention
S%PM overall variance — 5.4
ngsl within-sub-lot variance — 5.3.3
t lag yalue for calculating the variogram either on a time or mass min (time) 532
basis t (mass)
tiot total time for sampling the lot min 5.3.2
tsub total time for sampling the sub-Iot min 5.8.2
Uot number of sub-lots in the lot — 16.5
Usub number of sub-lots actually sampled in an intermittent sampling . 16.5
scheme
Veor value of corrected variogram - 58.2
Vexp value of experimental variogram — 58.2
Veut maximum cutter speed of sampler m/s 72
VB speed of conveyor belt m/s 73
Wi percentage by mass of key component % by mass 9.2.3
Wm air-dried moisture content of the test portion % by mass 20j4.2
X value of quality characteristic for increment i — 58.2
Xm mass-weighted average of the quality characteristic — 9.24
X mean quality characteristic for all increments — 5.8.3
Pspm total (or overall) precision — 5.4
Am mass interval between increments t 5.8.2
At time interval between increments min 5.8.2
A liberation factor — 9.3
Yol bulk density of matefial t/m3 4
Pk density of particles-of key component t/m3 9.2.3
Pnk density of particles of non-key component t/m3 9.2.3
6',% estimate of the fundamental error variance — 9.p.3
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Table 2 — Subscripts

Subscript Meaning
B conveyor belt
BS between-sample
comp composition
cor corrected value
cut cutter
del delimitation
der derived
D distribution
E extraction
e experimental
F fundamental
G segregation and grouping
g gross
H heterogeneity index
i index designating the numbepof an increment or sub-lot depending
on context
I increment
lunc uncorrected increment
. index designating the number of a particle in the experimental
J method for'determining fundamental error
k key camponent
L lowey size limit
lot lot
M measurement
air-dried moisture content
m mass-weighted average
min minimum
nk non-key
P sample preparation
PM sample preparation and measurement
Q1 short-range quality
Q2 long-range quality
Q3 periodic quality
r size range of sieve aperture widths
rel relative
S size range

© ISO 2001 - All rights reserved
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Table 2 — Subscripts (continued)

4  Appli

This part off
bulk for a w
single sourg
grain, and {
such quanti

Generally,

increments
bias, and a
are often a
size samplé
used in refg

Under certg
refine prec
collected a
correlated i
line analyse

Subscript Meaning

S sampling

S1 primary sampling

S2 secondary sampling

S3 tertiary sampling

SPM Sampling, sample preparation and measurement (= total or overall)
S particle shape

sel particles selected

sub sub-lot
T total sampling
w weighting

wsl within-sub-lot
A liberation factor

cations of bulk material sampling

ide range of applications. Typical examples-af-quantities in bulk are a cargo of coal or iron o
e, a partial cargo (a few cargo spaces) of Concentrate or fertilizer, a barge with cement, a unit

p quantity of material in bulk.is- inspected and evaluated by collecting a set of unbiaseq
preparing test samples (fer\physical properties and/or chemical composition) without intrg
halysing test portions by applying approved test methods with properly calibrated apparatus. A
Hded to describe test,samples. For example, the terms “chemical analysis sample, moisturg
" and other types of-samples, are used in various I1ISO standard methods. The term “test
rence to the sample\mass or volume taken from test samples for testing or analysis.

in conditionsythe effect of a serial correlation on the sampling variance can be taken into a
sion estimates and to optimize statistical process control. For many materials, primary in
short<intervals (typically 10 min or less) are often correlated. If a sequence of measure
N space-or time, variability between the serial measurements is overstated by the overall varig
rs-are useful to test sets of consecutive measurements for serial correlations.

ISO 11648 provides guidelines for sampling, sample preparation and testing of particulate materials in

re from a
train with

o on. Quantities in bulk that are defined.on a time basis are less commonly specified, but examples of
fies in bulk are masses or volumes _produced during certain time intervals (e.g. shifts or 24-h pgriods).

primary
ducing a
djectives
sample,
ortion” is

ccount to
crements
ments is
nce. On-

However, for most manual sampling regimes and many mechanical sampling systems, the sampling interval is too
long to show a significant serial correlation between consecutive increments. Thus, the time series variance
increases as a function of the sampling interval until it becomes equal to the variance of the measurements for the
set of increments collected. At that spacing between primary increments, the measurements are no longer
correlated in time, but have become statistically independent(2].

Duplicate test portions provide an estimate for the analytical variance, often as a function of the variable of interest.
The variances between randomly distributed and ordered data sets, and the analytical variance, can be used to
optimize sampling regimes for a quantity in bulk of a given intrinsic variability.

12
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5 Principles of sampling

5.1 General

Sample inspections or evaluations of bulk particulate materials for a single lot are normally based on collecting a
set of unbiased primary increments from the lot (cargo or shipment), preparing a test sample from the lot sample
without introducing a systematic error, and taking a test portion from the test sample and analysing it by applying
an appropriate and properly calibrated analytical method or test procedure under prescribed conditions. The
precision of the variable of interest in valuable bulk materials can be estimated by dividing a shipment into four or
more lots, and by selecting a pair of interpenetrating primary samples of each lot.

NOTE Statistical concepts used in this part of ISO 11648 to describe uncertainty in the measurements pn smeIes, such

as bias, pfecision and variance, are described in the Guide to the expression of uncertainty in measurement.
The obje
portions
precision
describe
determin

ctive of the operational sequence of sample collection, test sample preparation ,and anal
s to estimate the variable of interest in an unbiased manner, with an acceptablejand affordab
. The general sampling theory, which is based on the additive property of variances, can bg
how the variances of sampling, preparation and chemical analysis or rphysical testing ¢
e the total variance.

If a sampling scheme is to ensure correct selection probabilities, it is a requirement that all parts
particulaie material in the lot have an equal opportunity of being selectedyand appearing in the lot
testing. Tlhus a quantity of material in bulk should be sampled in such a-way that all possible primary in
the set ifjto which the quantity can be divided have a uniform finite probability to be selected. Any de
this basi¢ requirement can result in an unacceptable bias. A sampling scheme with incorrect selection|
(i.e. with jnon-uniform selection probabilities) cannot be relied upon-to provide representative samples.

The obje
primary i
samples

ctive of this part of 1ISO 11648 is to describe a common and consistent approach for collect
hcrements from a lot of bulk particulate material(clauses 5 to 16) and for preparing one 0
without introducing a systematic error (clauses.&7 to 23).

In a stric
circumstances, two of the dimensions of the.lot;can be regarded as being of secondary importance.
operatiors requiring bulk material transportation mechanisms such as conveyor belts and falling stream
points, the lot can be well described by a one-dimensional model. Dynamic sampling using a stream cu
sampling| from a stopped conveyor helt can be performed to collect representative samples from
Clauses p to 15 relate to dynamic and static sampling on lots regarded as being one dimensional.

In some Bituations, static sampling from three-dimensional lots such as stockpiles, ships' holds and wag
be avoifled, but it presents’ considerably more difficult sampling problems, and the risk o
unrepresentative samplesis considerable. Clause 16 provides sampling procedures for sampling
dimensional lots.

Sampling of one-dimensional lots should preferably be carried out by stratified systematic sampling
either on|a mass.basis (see clause 10) or on a time basis (see clause 11). However, it needs to be sh
systematjic efror (or bias) can possibly be introduced by periodic variation in quality or quantity when th

ysis of test
e degree of
b applied to
umulate to

of the bulk
sample for
crements in
viation from
techniques

ng a set of
r more test

interpretation of the term, a lot of bulk, material is always three dimensional. However, in mgny practical

n industrial
5 at transfer
iter or static
such a lot.

jons cannot
[ collecting
from three-

see 5.3.2),
bwn that no
e proposed

sampling|interval is approximately equal to a multiple of the period of variation in quality or quantity.

As an example, a primary cutter may be cutting a stream of ore which is being reclaimed from a stockpile by a
bucket-wheel reclaimer. At both limits of the bucket-wheel traverse across the material interface on the stockpile,
the material may have different properties from that of the stockpile average (e.g. due to segregation, surface
drying, oxidation, addition of dust-suppressing chemicals, or water sprays). In this case, it is quite possible that
every time the primary cutter makes a cut, the cut coincides with ore being delivered from the limit of a traverse of
the bucket-wheel reclaimer. Thus, a systematic error can occur.

When a systematic error is introduced at the primary sampling stage by periodic variation in quality or quantity of
the particulate material, or where it is felt that, owing to the manner in which the material is handled and presented
to subsequent division apparatus, a systematic error can occur in the secondary and subsequent stages of division,
it is strongly recommended that stratified random sampling within fixed time or mass intervals be carried out (see
clause 12).
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The methods for sampling and sample preparation depend on the final choice of sampling scheme and on the
steps necessary to minimize possible systematic errors arising during subsequent division steps.

5.2 Sampling errors

5.2.1 General

The processes of sampling, sample preparation and measurement are experimental procedures. As a
consequence of these procedures, each process has its own element of uncertainty which results as random
variations in the values measured. These random variations which average out to be a negligible value are called

experimentgtermors— A Tore adverSe COMpoTTent CoMmnibutingto—theurcertaimty of Tesutts—are Systeratic errors
appearing gs random variables which average out to a biased value away from zero. There is also the.cdtegory of
human errgrs which are variations that result from departures from the prescribed procedures and. which are not
random varlables suited to statistical analysis.
The total sampling error er can be expressed as the sum of a number of independent components[1l. However,
such a simple additive combination is not appropriate for components which are correlated. The total sampling
error, exprgssed as a sum of its components, is:

er =ep1+eqp +eQ3 +ew +€gel + € +€p 1)
where

eg1 Is the short-range quality fluctuation error associated with short-range variations in quality;

eg2 Is the long-range quality fluctuation error associated with long-range variations in quality;

eg3 s the periodic quality fluctuation error associated with periodic variations in quality;

ew s the weighting error associated with variations in flow rate;

€4el Is the increment-delimitation error introdticed by incorrect increment delimitation;

e s the increment-extraction error introduced by incorrect increment extraction;

ep s the preparation error (als@ known as accessory error) introduced by departures (usually uninfentional)

rom correct practices for‘handling of the sample.

The short-range quality fluctuation' error, eg; , consists of two components, as shown by the following equgtion:
eq1=8F +€g 2
where
er s the.fundamental error due to variation in quality between patrticles;

eg is the segregation and grouping error.

The fundamental error results from the composition heterogeneity of the lot; that is, the heterogeneity that is
inherent to the composition of each particle making up the lot. The greater the differences in the compositions of
particles, the greater the composition heterogeneity, and the higher the composition variance. The fundamental
error can never be completely eliminated. It is an inherent error resulting from the variation in composition of the
particles of the material being sampled.

The segregation and grouping error results from the distribution heterogeneity of the sampled material[3l. The
distribution heterogeneity of a lot is the heterogeneity arising from the manner in which particles are scattered in
the bulk material.
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A number of the components of the total sampling error, namely eqe|, € and ep, can be made negligible by using
correct sampling practices. The remainder can be minimized, or reduced to an acceptable level, by correct design
of the sampling procedure.

5.2.2 Preparation error, ep

In this context, the preparation error includes error associated with non-selective sample preparation operations
that should not change mass, such as sample transfer, drying, crushing, grinding or mixing. It does not include
errors associated with sample division or testing. Preparation errors, also known as accessory errors, include
sample contamination, loss of sample material, alteratlon of the chemical or physical composmon of the sample,
operator mistak g the plant
sampling| and training staff For example, the cutters should have dust caps to prevent entry of dust when the cutter
is in the Jparked position and moist samples should be prepared as quickly as possible to avoid-less |of moisture
content due to evaporation. If samples are to be extracted for use in size analysis, excessive vértical drops should
be avoid¢d, because breakage of coarse particles will alter the physical characteristics of the sample.

5.2.3 elimitation and extraction errors, eqe| and eg
Delimitatjon and extraction errors arise from incorrect sample-cutter design(and operation. The|increment-
delimitatipn error, ege, results from an incorrect shape of the volume delimiting ‘the increment, and this|can be due
to both faulty design and operation. Sampling with non-uniform selection probabilities results from an incorrect
shape of|the increment volume. The mean of ey is often different from zero; which makes it a source fof sampling
bias. Th¢ delimitation error can be made negligible if all parts of the stream cross-section are divgrted by the
sample qutter for the same length of time.

The incr¢ment-extraction error, eg, results from incorrect extraction of the increment. The extraction i$ said to be
correct if, and only if, all particles with the centre of gravity’ inside the boundaries of the correctly delimited
incremernt are extracted. The mean of eg is often different from zero, which also makes it a source of sampling bias.
The extraction error can be made negligible by ensuring-that the increment is completely extracted from the stream
without any material rebounding or being lost from the_cutter.

5.2.4 Weighting error, ey

The weighting error is an error component‘arising from the selection model underlying equation (1). In] the model,
the timetdependent flow rate of the_particulate material stream is a weighting function applied tp the time-
dependept quality characteristic in theyintegral over time which evaluates the mean quality characterist|c of the lot.
The weighting error represents the error due to the amplifying effect of the flow-weighting function or) the quality
charactefistic fluctuations. The hest solution to reducing the weighting error is to stabilize the flow rate. As a
general nule, the weighting efror is negligible for flow-rate variations not exceeding 10 %, and acceptable for flow-
rate varigtions not exceeding 20 %.

5.25 Pegriodic quality fluctuation error, eg3

Periodic pguality.fluctuation errors result from periodic variations in quality generated by certain equipment used for
bulk-matgerialshandling, for example crushing and screening circuits and bucket-wheel reclaimers. The presence of
periodic Vafiations can be detected by determining the variogram (see 5.3.1). While in most case$ variogram
values can be fitted with a simple linear or quadratic function, if periodic behaviour (characterized by regularly
spaced maxima and minima) is observed, the fitting function can include a sine wave term with a period and an
amplitude to be determined as parameters of the fit[1l. In such cases, stratified random sampling should be carried
out as discussed in 5.1. The alternative is to significantly moderate the source of periodic variations in quality,
which may require the redesign of plant systems.
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5.3 Sam

pling variance

5.3.1 General

Assume that the weighting, increment-delimitation, increment-extraction and accessory errors (ey + €4e| + € + €p)
have been eliminated or reduced to insignificant values by careful design and sampling practice. Furthermore,
assume that periodic variations in quality have been eliminated and that the flow rate has been regulated. The
sampling error in equation (1) is reduced to:

et = EQ]_ + eQ2

Hence, the

s =

The short-rainge quality fluctuation variance, sél, arises from the different internal composition of increment
| possible interval apart. This is a local or random variance due to theparticulate nature off

the shortes
material.

The long-rg
sampling a
number of t

5.3.2 Esti

In this metl
analysis of
sequence f

characteristics of each increment analysed in duplicaté.

The differer
in the sequsg
the number
so formed K
is called a
engineering
construct a

construction and plotting of alvariogram are shown in annex A.

In mathemg
equation:

®)

sampling variance s% is given by:

p 2
D1+ SQ2

inge quality fluctuation variance, séz, arises from the continuous-trends in quality that oc
bulk material and is usually space- and time-dependant. This/component is often the combin
ends generated by diverse causes.

Imation of sampling variance from the variogram

hod, the short-range and long-range quality fluctuation variances are determined from a tin
a statistical experiment in which a large number (e.g. 20 to 40) of individual increments ar¢
om a lot, processed in accordance with theimethods given in this part of 1ISO 11648 and th

ces between the quality characteristic:values measured for successive pairs separated by kin
bnce are then calculated. As shown-in equation (5), the squared differences are summed and d
of increment pairs that can betformed having the specified separation (lag). The variance valu
y this pooling is the serial varjance for the lag of kincrements. The plot of the serial variance Vv
variogram. It is closely(related to the auto-covariance function used in signal analysis g
applications of time series analysis. A statistical experiment of this kind, for which the objeq
variogram, is often.¢alled a variographic experiment. An example of a variographic experimen

tical notatiop, the serial variance Veyp(t) corresponding to a lag of kincrements is given by the

(4)

5 taken at
the bulk

cur while
htion of a

e series
taken in
e quality

crements
ivided by
e Vexp(t)
ersus lag
nd other
tive is to
t and the

following

n<k
D (Xisk —xi)?

Vexp ®

where

16

_ =1
2(n—k)

is the value of the quality characteristic for incrementi (i =1, 2, ... n);

is the number of pairs of increments at integer lag k apart;

©®)

is equal to kAt, where At is the sampling interval in units of time (expressed in minutes) or to kAm
where Amis the sampling interval in units of mass (expressed in tonnes), depending on whether time-

basis or mass-basis sampling is used.
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The term (n — k) in the denominator of equation (5) reflects the degrees of freedom for the variance term at the
specified interval k, while the factor of 2 in the denominator ensures that, as t — 0, Vexp(t) tends to the conventional
variance of measurements, taken at the same position.

The resultant variogram, Veyp(t), is called the “experimental” variogram, and includes the variance of sample
preparation and measurement as well as the sampling variance. If the extracted increments are prepared and
analysed in duplicate, the sample preparation and analysis variance can be determined in accordance with the
procedures described in ISO 3084. Subtraction of the sum of the sample preparation and analysis variances
(s,% + g,f,l ) from the calculated value of Veyp(t) at each lag gives the “corrected” variogram, Vcor(t), which
provides [TNforTT momn pIiT rrar i ' ftracting the
sample preparation and analysis variance from the serial variance values of the experimental varipgram. The
difference between the serial variance and the sample preparation and analysis variance is only‘a yvalid pstimate for
the samgling variance if the F-ratio between these variances is statistically significant.

vallad e Only. Aowever aUtlOr NOUId De observed wner U

Variograms that occur in practice can usually be approximated in the range 0 <t < 4At'by a straight line. The two
coefficients of the straight line (intercept Agxp and slope B) shall be determined by a‘linear least squares fit to the
experimgntal variogram values of the first four lags.

NOTE The variographic method for determining the sampling variance is applicable to the sampling of a sfream of bulk
material flom one production source, but when a lot may consist of sub-lots from different sources, difficulties are epcountered.

Thus, it gan be assumed that, in the range 0 <t < 4At, an acceptable’approximation to the corrected Variogram is
the lineaf function:

Veor t)=A<:or"'B'tz('o‘exp_slg_SI\Z/I)"'B't (6)

where
Acor| is the random component of variance. of the corrected variogram;
Aexp| is the experimental intercept of the’experimental variogram;

B is the gradient (or slope)~of* the variogram. B is expressed in units of inverse mass (ekpressed in
tonnes-1) for mass-basis sampling, or inverse time (expressed in min-1) for time-basis sampling;

s,% is the sample preparation variance;

s,%,l is the measurement (or analysis) variance.

It should [be noted-that the linear approximation to the variogram based on a four-point fit is subjective tp the extent
that takirjg more or less points will result in a different linear fit. This includes the procedure where a line is passed
through ]he first two points. The estimates of the parameters Ac,r and B and the variances derived|from these
parameters are arso SUDJECHVE 10 e Same extent.

The sampling variances, s% , for stratified systematic sampling and stratified random sampling have been shown to be
related to the coefficients Acor and B of the linear approximation. Equations (7) and (8) given below for sampling
variances are derived by establishing a mathematical relationship between the variogram values and the variance
of the estimation error between the sample mean and the population mean [11.
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a) Stratified systematic sampling:

Séz Acor . B-Migt
n 6n2
where
n is the number of increments;

Mot IS the total mass, expressed in tonnes, of the lot.

@)

Strictly, this

equation is only precise for centralized systematic sampling, where the increment is taken

centre of each stratum. However, in practice, it is a close approximation to the sampling variance for-ng

systematic

b) Stratifig

2 A

Ss—

NOTE i
expressed in

Thus, wher
sampling.

In Equation
fluctuation

2 _
SQl——

2 _
SQ2 =
The variogr

the seg

the fun

The fundan

sampling.

bd random sampling:

for_ . B- Mgt
L 3n?

Equations (7) and (8) apply to mass-basis sampling. For time-basis sampling, myot is replaced by t,o, the
minutes, for sampling the lot.

s (7) and (8), the first and second terms correspond to the short-range and long-rang
ariances respectively. Thus, for stratified systematic sampling:

\Cor
n

; and

B - Mot

6n?

Am intercept A.o, is made upof two components [1]:

2

regation and grouping error variance sg ;

Hdamental errér“variance s,? for the particular increment mass used for the variographic experin

ental errervariance for the increment mass results from the particle-to-particle variation in qua

material mg
for the inc

king up-the increment; it can be determined as described in clause 9. The fundamental error

from the
n-central

©)

total time,

b there are no periodic variations in quality, systematic sampling is more precise than stratified random

e quality

9)

(10)

hent.

lity of the
variance
al to the

ement e cube of the nominal top size and inversely proportion

cubic metre x 10-9);

m

18

is the nominal top size, expressed in millimetres, of the particles;

is the increment mass, expressed in kilograms.

11)

is a constant with the same units as density (expressed in kilograms per cubic millimetre, or kilograms per
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If the results of a variographic experiment are to be applied to sampling with a different increment mass, it is

necessar

y to determine Ag (see clause 9).

For stratified systematic sampling, combining the above equations gives:

.d® s2 B.m
sé = Ap-d” +-C 4 —2'°t (12)
My n 6n

where

Ag |d® : .

— is the fundamental error variance for the gross sample mass;

m
Y

my is the gross sample mass, expressed in kilograms, and is equal to n-m.
Hence, tTe fundamental error component of the sampling variance for the gross sample'mass is deternjined by the
nominal fop size of the bulk material and the gross sample mass.
NOTE While the methods of this part of ISO 11648 are likely to be satisfactory<for many bulk materials other than ores,
mineral cgncentrates, coal, and industrial chemicals in particulate form, caution should be observed when applying|relationships
such as that between the fundamental error variance, particle size and gross sample mass to materials with particl¢ shapes and
densities fnarkedly different from minerals, for example, to wood chips or bulk'tea. In these cases, fully experimeptal methods
should be|used and supported by a program of test work (see 9.2.2).
EXAMPLE An example showing the use of the variogram intercept Acor and the variogram slope B to falculate the
sampling yariance is given in A.4 of annex A.
The quantities:

B- Mot
. j3 and 2 4 2 ot

AF %G 6n
are referred to by some authors as the’ ‘composition variance of a unit mass increment” and the [‘distribution
variance’| respectively.
Then:

82 S
s§ 4 ——b 4 2D (13)
my n

where

sczon g~ Is the composition variance of a unit mass increment;

s% is the distribution variance.

Note that for a “flat” variogram, where B = 0, the distribution variance, sé, is equivalent to the grouping error

variance,

2.

© ISO 2001 - All rights reserved

19


https://standardsiso.com/api/?name=22665886c1ee47de668847f74dfbeea7

ISO 11648-2:2001(E)

5.3.3 Alternative methods of estimating sampling variance

The variographic method suffers to some extent from the subjectivity inherent in approximating the variogram at
small lag values with a linear function. Ambiguous variograms are sometimes encountered which give wide
variations for slope and intercept depending on the number of variogram values included in the least squares fit.
However, the variographic method in which sampling variance is estimated from the experimental variogram is
more rigorous than others available.

There are two simpler methods, each having the advantages of being easier and less costly to apply than the
variographic method. These are the increment variance method and the within-strata variance method. The
increment variance method provides a better margin of safety.

However, unlike the variographic method, each of these alternative methods has the disadvantage|of not being
able to detgrmine the separate contributions of the short-range and long-range fluctuation error varianees, |i.e.:

2 2

so1 A sg2
Consequently, if the sampling variance needs to be reduced, these methods do not ‘'show whether the| mass of
individual imcrements or the number of increments needs to be increased. In cantrast, the variogramp method
immediately provides this information.

The alternative methods are as follows.

a) Increment variance

The uncorrg¢cted increment variance, S|2unc , biased by the preparation and measurement variance is defingd as the
variance of the quality characteristics of all increments taken from:the lot, i.e.:

1w o
Slzunc: n _12(Xi - X)2 (14)
i=1

where
n is the number of increments;
X; is the value of the quality-eharacteristic for increment i;

X is the average of the‘gquality characteristic measured on all increments.

The samplqg preparatiofi;and measurement variance, SEM , Which should be determined by duplicate preparation and

testing on dach increment as in the variographic method, is subtracted from the uncorrected increment variance to

obtain the primarydncrement variance, s|2 .

The estimated sampling variance IS then given Dy:

2 2 2
S - S
S%: Iuncn SpM — Si* (15)

This method overestimates the sampling variance, because it neglects trends and assumes that there is no
correlation between adjacent increments.
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b) Within sub-lot variance

The within sub-lot variance method involves determining the variance of the desired quality characteristic within
sub-lot (s\%,s|) by duplicate sampling in accordance with ISO 3084. In ISO 3084, this variance is called the variance
within-strata as the lot is considered to be divided into n approximately equal sub-lots in a partitioning based on
mass, time or space (i.e. in strata, where each stratum defines a sub-lot).

The lot is divided into n sub-lots. The procedure for constituting duplicate sub-lot samples for each sub-lot is in
accordance with 1SO 3084. Test samples are prepared from each sub-lot sample and the quality characteristic
measuregd

The range, R;, of paired measurements is given by the equation:

Ri E |ai - b|| (16)

a; |is the measurement of quality characteristic of the test sample prepared.from sub-lot sample Aj;

b, [is the measurement of quality characteristic of the test sample prepared from sub-lot sample B; which
pairs with sub-lot sample A;;

i is the subscript which designates each sub-lot.

The averpge of the ranges R; is given by the equation:

R= R (17)
n

where n is the number of R;, i.e. the number of pairs-of sub-lot samples.

For example, 100 increments may be required to be extracted from the lot, and 10 pairs (i.e. n= 10) of sub-lot
samples,| each comprised of five increments, are constituted in accordance with the methods of ISO 3084. Test
samples [are prepared from each of these 20 sub-lot samples and the quality characteristic measured fpr each test
sample.

The estimated within sub-lot vafiance, s\,zvs| , In one investigation is given by the equation:

2
Swsl

nR? (18)

N

where

n, [isthe number of increments comprising each subsample A; or B;;

n/4 is the factor to estimate variance from the range for paired data.

The estimated sampling variance in this case is given by:

S%: SWSl;SPM (19)

However, the value of sfm obtained depends on the size of the strata used for collecting the data, i.e. the mass or

time interval between increments. Consequently, the within sub-lot variance method should be used only where the
proposed sampling interval is not greatly different from that used to determine sfm .
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variance and precision

The total (or overall) variance is denoted by SépM . It comprises three components, namely the variance of sampling,
the variance of sample preparation and the variance of measurement, as given in equation (20).

2 -
Sspm~

where

2,24+ 2
Sstspt sm

o tha camanlina v jarianon:

2

&

o

The methog

NOTE 1
ISO 11648, *
where primg
increments &
plant, typical
the sampling

The total (0

measuremse
comparison

Bspm

In practice,

Bspm
is often use

Where secq
number of

s%= s%

where

a
TS T ST TP I~ VA o rcTy

is the sample preparation variance;
is the measurement variance.

s for determining estimates of sé may be found in 5.3.2 and 5.3.3 of this/part of ISO 11648.

he distinction between “sampling” and “sample preparation” is not always*clear. For the purposes of t
sampling” stages denote those stages of sampling and sample division that take place within the sam

re carried out. Whereas, “sample preparation” stages denote those stages that take place away from thq
y in the plant laboratory. The principles of sampling given in 5.3 apply to sample preparation stages as
stages.

I overall) precision, fspy, is @ measure of the combined precision of sampling, sample prepara

nt. For a symmetrical two-sided confidence intekval of 95 % and where the number of ind
s (degrees of freedom) that can be made among the set of measurements is large.

1,96 SspMm
the approximation:

E ZSSPM =2. S%"' S|%+ Sl%/l

d in bulk materials sampling standards.

ndary and tertiary-division of primary increments is carried out, the sampling variance can be s
arts as follows:

2 2
+2 +
" SSp %583

(20)

his part of
bling plant

ry increments are extracted and where possibly size reduction, sécondary and tertiary division ¢f primary

sampling
well as to

tion, and

bpendent

(21)

plit into a

(22)

2
Ss1

2
Ss2

2
Ss3

is the primary sampling variance;
is the secondary sampling variance;

is the tertiary sampling variance.

Again, the principles of 5.2 apply to each stage. Separate experiments are required to establish the magnitude of
each component. Such experiments are useful for identifying the major sources of variance. Splitting the sample
variance into its components can also assist in the design of sampling equipment. On the other hand, if all
increments are processed in the same manner and only the total sampling variance is required, there is no need to
separate the components.
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Where a very precise result is required and the sampling variance has been minimized, consideration has to be
given to increasing the number of sample preparations and measurements, to reduce these components of the
overall variance.

This is achieved by:

carrying out multiple determinations on the gross sample;

analysing individual increments (see Figure 1); or

ing the lot intao a number of sub-lots and ;malyaing a Qamlnlp from each sub-lot (QPP Figllrp 9)

— divi
The over
a) wher
gros|
2
Ssp)
b) whe
dete
2
Ssp
c) whe
2
Ssp)
In each @
NOTE
impossiblg
which cal

calculation of the number of primary increments and sub-lot samples for a given precision. It is therefore recom

moisture t
weighted
in each su
(or gain) d
very rapid

minimized.

pll variance in each case is then given by one of the following equations:
P a single gross sample is constituted from a lot and r replicate determinations are,carried
5 sample:
2
= S%-'- Sl%‘l‘ %

minations are carried out on each sub-lot sample:

ase, the sampling variance is determined from the equations given in 5.3.

The determination of moisture ‘requires special consideration due to the fact that it is extremely d
P, to retain the integrity of the jsample over extended periods of sample collection. In such cases, a big
be overcome only by €ollecting moisture samples at more frequent intervals than may be dictated

psts be carried out on,a number of sub-lot samples, and that the average of the test results be calculated
hccording to the ¢nasses of the sub-lots in the case of time-basis sampling, or according to the number ¢
b-lot sample ifthé case of mass-basis sampling. This will reduce any bias in the test result caused by
ue to climatic.Conditions. It will also result in better precision. In exceptional circumstances, where the m(
, secondary/and tertiary division is not permissible, unless the sampling system is totally enclosed an

out on the

(23)

e k sub-lot samples are prepared, each constituted from an equal-number of increments, and r replicate

(24)

(25)

ifficult, if not
S may occur
by a simple
mended that
the average
f increments
moisture loss
isture loss is
H handling is

6 Establishing a sampling scheme

Most sampling operations are routine and conform to the definition of regular sampling defined in 1ISO 11648-1.
Regular sampling is sampling carried out by the stipulated procedures in the relevant International Standard in
order to determine the average quality of the lot. In establishing a sampling scheme for regular sampling so that a
specified precision on a quality characteristic for a lot can be obtained, it is necessary to carry out the following
sequence of steps. The sequence includes experimental sampling procedures, such as step g) below, which are
not routine and are carried out only infrequently, as, for example, when there is a significant alteration in conditions
such as a change in the source of the particulate material or in the sampling equipment.
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a) Define the purpose for which the samples are to be taken. Sampling for the quality verification requirements of
commercial transactions is the central purpose within the scope of this part of ISO 11648 and other sampling
standards. However, the procedures described in this part of ISO 11648 are applicable to sampling for the

purpos

e of monitoring plant performance and for process control as well.

b) Identify the quality characteristics to be measured. Specify the total precision (combined precision of sampling,
sample preparation and measurement) required for each quality characteristic. It may be found that the
required precision gives impractical numbers of primary increments and sub-lots. In such cases, it may be
necessary to accept poorer precision.

c) Define

the lot, including its mass or duration.

d) Define

e) Ascertqin the nominal top size and particle density of the bulk material for use in determining)the gros

mass i
where

sampling is used.

f)  Check
g) Detern

of the &
h) Determ

clause
i) Determ
j) Determ

randonp sampling within fixed mass intervals (see-clause 12), or in minutes for time-basis systematic

(seecl
k) Takep

In experimg
the quality
sub-lot (seq
Figure 2). Tl
fully-nested

In regular ¢
for analysig
the samplin
duplicate sz
(see Figure

the sub-lots, including their number and their masses or durations.

( step i). The nominal top size also determines the minimum cutter aperture width fequired to g
A mechanical sampler is used, or the minimum size of the ladle required to avoid bias wher

that the procedures and equipment for taking increments avoid significant-bias (see clause 7).

Iternatives (see clause 5).

ine the number of primary increments to be taken from_the lot or the sub-lots to be teg
8).

ine the minimum gross sample mass (see clause 9).

ine the sampling intervals, in tonnes for mass=basis systematic sampling (see clause 10) and
huse 11) and stratified random sampling, within fixed time intervals (see clause 12).

fimary increments at the intervals determined in step j) during the whole period of handling the
Characteristic in the lot by. monitoring the variogram. Or the primary increments may be take
10.5 or 11.5) to constitute’a sub-lot sample which may also be analysed to assess lot varial
hese are only two of.a variety of other experimental sampling schemes possible (see, for exa
and staggered-nested experiments described in part 1 of this International Standard, i.e. ISO 1
ampling, a typical sampling scheme is to combine sub-lot samples so as to constitute a gros

g scheme /by means of replicate sampling, i.e. by replication of the gross sample. For ex

4) from which two test samples are prepared and tested.

s sample
\void bias
e manual

ine the variability of the quality characteristics under consideration{using the variogram meth¢d or one

ted (see

stratified
sampling

ot.

ntal sampling, each incrementimay be analysed separately (see Figure 1) to assess the vaifiability of

n from a
ility (see
mple, the
1648-1).

5 sample

(an example-is given in Figure 3). Periodically, checks should be made on the precision achieved by

ample, if

Lmpling.is used, each alternate primary increment is diverted so that gross samples A and B arle formed

24
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Secondary
Primary increment Increment
increment sample
—{  SUB-LOT H Secondary
increment
Secondary
Primary increment Increment
| increment sample
Secondary P
L increment
Secondary
| |  Primary mcre)/ment Increment
increment L sample
Secondary
increment
Secondary
| Primary increment Increment
increment sample
—  SUB-LOT | Secondary
increment
_| Secondary |
|| Primary | | mcrtiment | | Increment
increment T sample
| | Secondary | |
L increment
Secondary
LOT H — 5 —
|| Primary\~"| | increment | | Increment
increment sample
| | Secondary | |
increment
2 Secondary
~|  Primary |ncriment Increment
increment L sample
= SUB-LOT ;" Secondary
increment
Secondary
Primary increment Increment
| increment sample
Secondary P
1 increment
Secondary
L Primary |_ Increlment —| Increment
increment Ed sample
Secondary
increment
NOTE Each increment sample is prepared and analysed separately.

Figure 1 — Example of a scheme for experimental sampling with each increment analysed separately
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Secondary

increment
7
Secondary

increment

Primary
increment

— SUB-LOT

Secondary
increment
7
Secondary
increment

Sample
= preparation
and analysis

Sub-lot
sample

Primary
increment

[

A\
AN

AN}

Secondary

_Primary
increment

increment

Secondary
increment
7
Secondary
increment

Primary
increment

T e T

increment
7
Secondary

T SUB-LOT

Secondary

i Sample
Primary mcre)n:lent Sub-lot prepgration

increment L sample .
Secondary P and apalysis

increment

A\
AN}

AN

Secondary 4
LOT H I R~
Primary increment

. - X ||
increment ad
Secondary

increment

A\
AYX

Secondary

Primary incre)rpent
] increment Ed
T SUB-LOT Secondary

increment

Secondary

i Sample
| Primary _|: Incroment —| Sub-lot | prepgration

increment e sample .
Secondary J P and apalysis

increment

AN

A\

Secondary ’
Primary |_ increrlnent —| T

I - 22
increment —L Secondary

increment

Figure 2 — Example of a scheme for experimental sampling with each sub-lot sample analysed separately
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| Secondary |
Primary incr(j/ment
increment || e ]
| suB-LOT || | | Secondary | |
increment
| Secondary |
| [ Primary | | Lncrement Sublot |
increment Ed sample
| | Secondary | |
1 increment
Secondary I
Primary incre}ment
~| increment 2d
Secondary
increment
| Secondary |
Primary increment
| increment [ T ]
L[ SUB-LOT | | | Secondary | |
increment
| Secondary |
Primary increment Sub-lot
I || x - L
increment Ed sample
| | Secondary | |
1 increment
1 . _ B Gross $ample
LOT Secondary T H sample [— Rreparation
] 'Primaryt mcri;ment P and analysis
incremen Secondary
increment
2 Secondary |
Primary increment
| increment L ]
| SUB-LOT || Secondary | |
increment
Secondary |
T Primary incriment Sub-lot |
increment Secondary | | sample
1 increment
Secondary 2
Brimary increment
I X
increment d
[ | Secondary | |
increment

Figure 3 — Example of a scheme for routine sampling
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SUB-LOT
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increment

Secondar
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Increment
sample
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sample A
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Secondar
incremen
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sample
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7

Secondar
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AN
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Secondar
incremen

Increment
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Primary
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sample

Primary

-

Secondar
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A\
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2
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Secondar
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:
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Figure 4 — Example of a scheme for duplicate sampling
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Sub-lot samples are usually prepared and analysed separately to improve the overall precision. Other reasons for

separate

preparation and analysis of sub-lot samples are:

for convenience of materials handling;
to provide progressive information on the quality of the lot;

to provide, after division, reference or reserve samples; or

conditions

to reduce, in the moisture test result of a large lot, any bias caused by moisture loss (or gain) due to climatic

Large pr
this will i
primary i
the minin

clause 9).

The initig
material
Alternati
variability

Establish
conveyol
situations
error can

mary increments may be divided at step i) before constituting a lot sample or sub-lot sample
htroduce an additional source of sampling error, which can be determined as discussed |in'5.2
hcrement or divided primary increment is crushed to enable further division, it is necessary toj
hum sample mass for the lot, using the nominal top size of the crushed bulk material in the eg

| design of a sampling scheme for a new plant or a bulk material with unfamiliar characteristics
lype) should, wherever possible, be based on experience with similarChandling plants and m
ely, an arbitrary number of increments, for example 100, can be taken and used to de
of the bulk material, but the precision of sampling cannot be determined beforehand.

2. However,
If all of the
recalculate
uation (see

(e.g. anew
aterial type.
lermine the

ing a satisfactory scheme for sampling from stationary Situations such as from stockpiles, stopped

belts, wagons and ship's holds, presents particular difficulties if bias is to be avoided. Sampl
should be carried out by systematic stratified samplingybut only when it can be shown that ng
be introduced due to any periodic variation in quality.©@r quantity which may coincide with, or &

to, any nultiple of the proposed sampling intervals. In the"event that it is possible that systematic er|

introducHd

7 Mas

7.1 Mi

d due to periodic variations in quality or quantity;-stratified random sampling should be used.

5s of increment and minimization of bias

himization of bias

Minimizalion of bias in sampling_and sample preparation is vitally important. Unlike precision, wh

improved
portions,
at the ou
possible

Sources
incremery
the samy

by collecting more primary increments, by preparing more test samples, or by assaying
a bias cannot be reduced by replication. Consequently, sources of bias should be minimized o]
tset by correct design/of the sampling and sample preparation system. The minimization or el
bias should be regarded as more important than the improvement of precision.

of bias thatiean be eliminated include sample spillage, sample contamination, and incorrect e
ts, whilelsgurces that can be minimized but not eliminated are, for example, net moisture flo
le and.the outside air as well as loss of dust and particle degradation in sample preparation

ng in these
systematic
pproximate
rors can be

ich can be

more test
I eliminated
imination of

xtraction of
s between
Drior to size

distributiTn determination.

The guiding principle to be followed is that it is essential that increments be extracted from the lot in such a manner
that all parts of the bulk material have an equal opportunity of being selected and becoming part of the test sample
which is used for chemical or physical testing, irrespective of the size, mass or density of individual particles. In
practice, this means that a complete cross-section of the bulk material is to be taken when sampling from a moving
stream, and a complete column of bulk material is to be extracted when sampling from a stationary lot.
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The requirement of equal selection probabilities should be borne in mind when specifying each component of the
sampling system design. Practical rules follow from the application of the principle to specific design issues, but
these are too numerous to fully list here. However, several examples of design rules which follow from the principle

are that:

cutter blades should be sufficiently long to intercept bouncing particles;

from the axis of rotation;

cutter |

the cutter lips on straight path cutters should be parallel, and the cutter lips of Vezin? cutters should be radial

cutters
then ds

As explaingd in 7.2, 7.3 and 7.4, the determination of minimum aperture widths and dimensions of

equipment
increment n

'InQ aon Qtraight path cutters shotuild remain parallpl even after Qignifir‘ant wear:

celerate to a stop only after emerging from the stream.

and maximum cutter speeds required to obtain an unbiased sample, leads\t0 the derivati
hass consistent with these limiting specifications.

should accelerate from rest while still clear of the stream, traverse the stream at constant\velgcity, and

sampling
on of an

However, i some circumstances, use of this derived increment mass and the equéations in 8.2 can requite a large
number of increments to obtain the desired sampling variance. In such casés, “the increment mass should be
increased above the derived value.

Cutters shqg
maximum i
manual or n

Once a cut
mass predi
rate in the
flow rate in

uld be designed for the maximum particle size and the maximum flow rate. From these vg
hcrement mass and volume can be calculated for desigh. checks. In particular, the choice
hechanical sampling should be based on the maximum possible increment mass.

fer is installed, perform regular checks on the average increment mass. Compare this mass
cted using either values of the cutter aperture width, the cutter speed and the bulk material n
case of falling-stream cutters (7.2) or those ofithe cutter aperture width, the belt speed and

the case of cross-belt cutters (7.3). If the, average increment mass is too small compared

lues, the
between

with the
nass flow
he mass
with the

predicted increment mass for the observed flow rate, itis likely that large particles are being under-sampleg.
7.2 Mass$ of increment from falling-stream samplers designed to avoid bias
At any sanpling stage, the mass of theyincrement, taken by a cutter-type sampler from the bulk materjal at the
discharge gnd of a moving stream, is determined by the minimum cutting aperture width and the maximyim cutter
speed requlred to obtain an unbiased sample. It may be calculated using the following equation:
b .
my = f Omin_ (26)
3.6 Veut

where

m i5 the mass, in kilograms, of the increment;

o} is the flow rate, expressed in tonnes per hour, of bulk material stream;

Brmin is the minimum cutting aperture width, expressed in metres, of the sampler (see 13.3.2);
2)  Vezin cutter (also called Vezin sampler and at the laboratory scale, Vezin sample divider) is a circular path rotary-chute

cutter consisting essentially of open chute or chutes rotating at constant angular velocity around a vertical axis [see
Figure B.1 g)]. The cutter opening is formed by the sides of the pivoting chute and in high-wear operating conditions,
replaceable cutter lips are attached to the chute edges. The particulate material flow is parallel to the axis of rotation of the
cutter. For unbiased operation, the cutter edges should be radial, i.e. the cutter edges should lie on a line passing through the
centre of rotation. The Vezin cutter is named after the 19th century sampling pioneer, H. A. Vezin.
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Veut is the maximum cutter speed, expressed in metres per second, of the sampler (see 13.3.4);
3,6 is a conversion factor that converts flow rate units of tonnes per hour to kilograms per second.
NOTE Equation (26) is valid for all values of the cutter aperture width and the cutter speed, but aperture widths set below

the minimum aperture width and speeds higher than the maximum once can be expected to cause bias.

7.3 Mass of increment for cross-belt samplers designed to avoid bias

Determine the mass of the increment taken by a cross-belt sampler from a moving stream using the minimum

cutting aperture width required to obtain an unhiased sample It may be calculated using the following equation:

“:%%%E (27)
where

m is the mass, expressed in kilograms, of the increment;

q is the flow rate, expressed in tonnes per hour, of bulk material stream;

Brmin is the minimum cutting aperture width, expressed in metres{of the sampler (see 13.3.3);

VB is the speed, expressed in metres per second, of the coniveyor belt;

3,6 is a conversion factor that converts flow rate units-of tonnes per hour to kilograms per second.
NOTE Equation (27) is valid for all values of the cutter aperture width and the cutter speed, but aperture widfhs set below

the minimpm aperture width and speeds higher than the maximaum one can be expected to cause bias.

7.4 Mass of increment for manual sampling implement designed to avoid bias

Determine the mass of the increment for manual sampling of bulk material using the minimum sampling volume of
the mangial sampling implement (for example, a scoop) required to obtain an unbiased sample. Assuming this
volume tp be a cube of minimum side\dimension equal to 3d, then the minimum sampling volume|is equal to
3d x 3d ¥ 3d. Calculate the mass of-increment using the following equation:

m=[27p- d3-107® (28)
where

m is the'mass, expressed in kilograms, of the increment;

P istthe bulk density of the material, expressed in tonnes per cubic metre;

d IS the nominal top SIZe, expressed In millimetres, of the partcles of the material.

7.5 Increment mass for moisture sample

To avoid bias, there is a practical minimum increment mass that should always be exceeded to minimize the effect
of handling on the characteristics of the bulk material in the increment as it passes through the sampling system.
This is particularly important for the moisture sample where moisture loss (or gain) due to climatic conditions is to
be minimized. Specify the minimum mass for each bulk material type and over a range of ambient conditions such
as temperature and humidity. Other important factors are the specific surface area, how long increment surfaces
are exposed, the capacity of the sample preparation system and whether on-line crushing is used. The correct
determination of a minimum mass for moisture sample may only be possible by conducting bias experiments.
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8 Number of increments

8.1 General

The number of increments to be taken from a lot or sub-lot to attain the required sampling precision is dependent
on the variability of the quality characteristic to be determined. The variability is quantified by the variogram of the
quality characteristic, as described in clause 5. Where determination of the variogram is impractical, the increment
variance or the within sub-lot variance methods may be used, but with the limitations noted in 5.3.

8.2 Calculation of number of increments

8.2.1 General
The numbef of increments required to achieve a given sampling variance for a particular lot or subslot depgnds on:
— the varlability of the quality characteristic of interest;
— the maps, my; (or duration t,;) of the lot, or the mass, mg, (or duration tg,p) of thessub-lot, and
— the maps, my, of each increment.
The variability may be determined by any of the methods specified in 5.3 provided that the increment mass used in
the determination is the same as that used for sampling. Where the iicrement mass is to be changed) only the
variogram method can be used unless test work is conducted to reasséss the variability.
The numbgr of increments required may be calculated by onecof the methods given in 8.2.2 to 8.2.3. These
methods arge given explicitly for mass-basis sampling from the.lot and, therefore, the equations include the mass
miet- The methods also apply to time-basis sampling from;the lot where t; replaces my; in the equatigns, or in
mass- or time-basis sampling from the sub-lot, which requires mg,y, or tgp in the equations.
8.2.2 Varjogram method
Calculate the number of increments, n, necessary to achieve the required sampling variance for either|stratified
systematic sampling or for stratified sampling ‘using a derived variogram intercept and the variogram slope|obtained
from a leagt squares fit to the experimental variogram. Determine the number of increments, n, for ahy of the
sampling methods by solving for the positive root of the quadratic equations in n, of equations (7) and (8), as
follows:
a) for strafified systematic sampling:
+ A2 ~4C B mt- S2
Adler Aje¢r 3 B-mpt - S5
n= > (29)
233
b) for stratifrectrandom DclllllJ“IIU.
2 .4 2
Adert 4| Ager T 3 B- Mgt - Sg
n= 5 (30)
235
where
a3
Ader= Ardt, 8(23 (31
mis
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Ader is the derived variogram intercept for the increment mass m;g to be used for sampling, and equals the
sum of the fundamental error variance for the increment mass mig and the grouping and segregation
variance;

B is the variogram slope, in tonnes—1;

Miot is the mass, in tonnes, of the lot;

S%l is the required sampling variance.

The incremmentTmass for samptng g Tay bedifferentfronTthe—mererment mmass 1 used— T the—yariographic
experimgnt to determine variability; in which case the derived variogram intercept Ager Will be differgnt from the
experimgntally determined intercept Aqgr-

Based oh a large number of variographic experiments, it has been demonstrated(1], that” the grpuping and
segregatlon variance sé is either smaller or about the same magnitude as the**fundamental variance.
Consequently, it is conservative to assume that equations (11) and (31) can be simplified to the approximations:

3
_2A:d

Acol=——— (32)

m
2 Ae-d?®

Adel= 2hed (33)
mis

giving:
‘m

Adel= Acor-mi (34)
mis

A
NOTE If Bis small compared with €T beth equations (29) and (30) are well approximated by:
Mot " Sg,
Ss
8.2.3 Injcrement variance-and within sub-lot variance methods
Neither gf these methads allows the sampling variance to be broken into its individual components| hence the
estimateg variance has to be treated as a single quantity.
a) Incrgment variance method
After reafrangingequation(15); catcutate the numberof imcrementsaccordmgtoequation(35)-
2 2 2
P —
n= lunc 5 Spm - S_I2 (35)
Ss Ss
where
Stnc IS the uncorrected increment variance;
5,2 is the primary increment variance;
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2

is the required sampling variance.

b) Within sub-lot variance method

Rearranging equation (19) enables the number of increments to be calculated as follows:

2 2
n= Swsl ~ SPM
s§

where

s2 is the within sub-lot variance.
Neither method can be used where the increment mass has been changed. The within sub*lot variance
may be inagcurate if the interval between increments has been changed, but the incremefit,variance equ
still be used in this case.
9 Massgs of gross samples and sub-lot samples
9.1 Gengral
It is essentipl to ensure that the mass of gross samples is sufficient.to' obtain the required sampling varig

combinatio of the number and mass of increments determined,in clause 8, subject to their being tak

unbiased m
stage. Howj
important tq
is always e

Before the
variance, §
short-range
There is a
sampling. T
size. A char

9.2 Mini

9.2.1 Fun

anner (see clause 7), will ensure that a sample of:sufficient mass is collected at the primary
bver, during subsequent reduction and division ofiincrements, sub-lot samples and gross sam
ensure that sufficient sample mass is retained/at each stage so that the minimum gross sam
ceeded.

Mminimum gross sample mass can be determined, it is necessary to determine the fundame
,%, and to decide what value is acceptable. The fundamental error variance is one compong
quality fluctuation variance, sél, and results from the particle-to-particle variation in quality (s
minimum mass of gross_sample required to achieve a given fundamental variance at any
he sample mass cannot.be’‘reduced below this minimum until the sample is crushed to a smallé
acteristic of s,@ is thatitteduces quickly as the nominal top size is reduced.

mum mass.of'gross samples

damentalerror

The funda
Several tec

ental error is the component of samplmg error resultmg from the variation in quallty between

(36)

equation
Ation can

nce. The
en in an
sampling
ples, it is
ple mass

ntal error
nt of the
e 5.3.1).
stage of
er particle

particles.

mass my. Three are described below.

9.2.2 Fully experimental technique

s sample

The fully experimental technique is applicable to the determination of fundamental error for any required quality
characteristic, for example chemical content, size, and physical tests.

34
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Divide representative samples of bulk material into replicate samples of a given mass, and calculate the between-
sample variance, sés, from the measured quality characteristics. This variance is determined for a range of sample
masses smaller than the gross sample masses proposed to be used. Masses smaller by a factor of 10 to 100 are
useful. Express the variance, sés, in terms of the nominal top size in millimetres (d) and the replicate gross sample
mass in kilograms (my) according to the equation:

3
Ae-d 37)

where

Ag and Ax  are constants determined from a least-squares fit to the experimental data.

The first term Ag in equation (37) includes the preparation and measurement error varian¢es and the gfouping and
segregatlon error variance, sé, and is independent of the gross sample mass ny. The second ferm is the
estimate¢l fundamental error variance, i.e.

2_ Ae-d® 38
7 mg (38)

Hence, the minimum gross sample mass for the desired fundamental error variance is given by:

3
mg + % (39)
SF

EXAMPLE To illustrate equation (39) with an example; consider lump iron ore with d = 22,4 mm. The mineral is hematite
(Fe,O3) and the gangue consists of silicates and ‘shale. From a least squares fit to experimental data| a value of
Ar=1,6 4109 kg-mm-3 (i.e. 1,6 kg-m~3) was determinéd. If it is specified that the fundamental error is not to excegd 0,05 % Fe
or 0,07 %|Fe,0g, i.e. sZ=0,000 7.

From equgtion (35):

16 x 10°x (22,4)° _
(0,000 7)?

Mg 3 86)7 kg

Thus the minimum samplé\umass for a nominal top size of 22,4 mm to achieve the above fundamental error is gpproximately
37 kg. The¢ sample massis to be crushed to a smaller nominal top size before the sample mass can be reduced anly further. For
example, |f the 37 kg sample is passed through a jaw crusher to reduce the nominal top size to 3 mm, repeating the above
calculation showstthat the sample mass can then be safely reduced to 88 g.

9.2.3 Symplified calculations for materials with two components

For a material taken to consist of two components, the fundamental error variance of the percentage by mass of
the key component is often approximated [1] by the equation:

A f g fd3 WP
6‘,%: comp” 's’ 'r k ><10_6 (40)
Mgy
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is an estimate of the fundamental error variance of the mass fraction, expressed as percentage, of

the key component, i.e. the component of the material which is of key interest, whereas t

he other,

non-key component, may actually be an aggregation of a number of components of lesser interest or

value. It is not an experimentally determined sampling variance, as the notation is meant to

indicate,

but is a theoretically based estimate of the fundamental error variance. However, it has been shown
to be useful in a number of circumstances where little is known about a material to be sampled;

Wik

My

The mineral

fcomp —

where
Pk

Prk i

NOTE b

~2_C-

OF—

ogical composition factor is defined as.follows:

100 - Wy

5 the density, expressed in tonnes per cubic metre, of the particles of the key component;
5 the density, expressed in tonnes per cubic metre, of the particles of the non-key component.
Equation (40))is obtained from the following equation [1;

- 59 d3- a3

is the liberation factor, i.e. a factor quantifying the degree of liberation of the constituent cor
from particles of the bulk material by crushing or grinding. A equals (d;/d)12 when libg
incomplete, where d; is the nominal top size at which complete liberation occurs, and’ equ
when liberation is complete;

is the mineralogical composition factor, defined below in equation (41);

is the particle shape factor, which can usually be taken to be 0,5 (althetigh for some materi
range from 0,2 to 0,5);

is the size range factor defined as the ratio of the width of the apérture of the finest sieves (G
with 1SO 565) through which pass 5 % and 95 %, respectively, of the mass of the materi
value usually assumed to be between 0,25 and 1,0;

is the nominal top size, in millimetres, of the particles;

is the percentage by mass of key component;

is the gross sample mass, expressed in kilograms.

100 w, [(100 - Wk)pk + Wy pnk]

nponents
tration is
als unity

als it can

omplying
hl, with a

(41)

my

and differs from it only in the following respects:

a)
b)

<)

36

the units involved (kilograms and millimetres rather than grams and centimetres);

the use of the absolute estimated variance ¢ rather than the relative estimated variance used in reference (.

the symbols feomp, fs, fr and w are used in equation (40) instead of ¢, f, g and a respectively used in reference (a1,
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The size range factor f, can be estimated from the ratio d/d, of the nominal top size d to the lower size limit d
(about 5 % undersize), as follows:

— large size range (d/d, > 4) f, = 0,25;

— medium size range (2 < d/id. <4) fr = 0,50;

— small size range (d/d_ < 2) fr=0,75;

— uniform size (d/d_ = 1) fr = 1,00.

Rearranging equation (40) gives the minimum gross sample mass for the desired fundamental error variance as

follows:

A feomp - fs- fr-d3-w?
Mg 7 comp fz ! K %1078 (42)
OF

NOTE For the purpose of recalculating the variogram intercept for a different incrementymass in accordance With 5.3.2, Ap
in equatiop (12) is equal to A fcompfs-fr W% x10-6 in equation (42).
The estimate of the fundamental error variance given in equation (40) is given by a function which includes several
mineralogical factors which are stochastic variables each with its own<variance. It is difficult to guarantee that the
estimate|for the fundamental error calculated from this equation is‘unbiased. The equation is used tp provide a
prelimingry estimate of the fundamental error without confidence:limits. With those reservations im mind, the
equation|has in practice provided useful initial estimates in situations where little information was available.
9.2.4 Alternative fully experimental method
In this method, the fundamental error is measured directly by analysing a number of individual materigl fragments
(or pellets, pisolites or other fractions) within an appropriate size range.
This method is applicable where experimental evidence shows that the quality characteristic of the material
determingd for a size-density fraction and the’proportion of this size-density fraction in the lot vary little with the size
of fragments. It is especially useful in situations where it is difficult or impossible to define the liberation|size for the
particles jof a bulk material (for example; in the case of pisolitic manganese ore) which restricts the diregt use of the
fundamehtal error equation in reférencelll, or when the material fragments tend to have similar propoitions of the
various domponents present (such-as bauxites).

The procgdure is the following.

a) Select Jindividualiparticles of the bulk material (where J is about 50) from the coarsest size range pf a sample
havihg mass . The numerical value of m, or even the physical definition of the sample, are not cfitical in this
context; only the measured or estimated percentage of particles in the size range selected will be fequired, as
shown in step i).

NOTE I'ne size range IS loosely defined as d/Z 10 d, with d bDeing the nominal top size. Individual pieces may

conveniently be selected from appropriate screen fractions. Alternatively, larger particles can be chosen by visual
estimation which is quite adequate for this purpose.

The selection of coarser pieces for this kind of test is due to the fact that smaller size classes contribute no significant error
component to the overall uncertainty.

b) Dry the selected particles separately.

c) Measure the dry mass m of each particle (j =1, 2, ..., J).

d) Pulverize each of the particles to obtain separate test portions ready for analysis.

© ISO 2001 - All rights reserved
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ine the quality characteristic, Xj, of each particle.

f)  Calculate the combined dry mass of the particles, mgg, as follows:

J
Msel= z m;j
=1

where the subscript “sel” denotes the selection from the size range shown in step a).

g) Calculgte-themass-weighted-average-of-the-guality-characteristic
i
‘—1
AL(XJ “mj)
X = JFt
=
Mse
h) Calculate the heterogeneity index Hgfor the size range of the bulk material as follows:

J
A 2
Do = %) m?

!
Hg= >
Xm *Msel
i)  Evaluale the mass proportion my/m, where my is an estimate of\the mass of particles in the size range d/2 to d.
For exgample, a consignment containing an estimated 50 %.oflarger particles would result in a mass groportion
my/m=0,50.
j)  Calculate the heterogeneity index H of the bulk material which quantifies the heterogeneity of the mpaterial as
follows
m
H=Hp—"
m
k) Calculgte the relative variance 5r2e| using the equation:
|_
2 =1
Srel h
Hence [the relative standard deviation is:
_[E
Srel m
NOTE The applicable value of m ( expressed in grams) can be varied according to the intended mass of the divided

sample. By calculating sig| for a range of values m, it is possible to adjust the sample mass so as to achieve a given precision.

[) Calculate the absolute standard deviation of the fundamental error, sz, using the equation:

SE =Sy

el " Xm

The values of s and X, have identical units, and sr is a measure of the standard deviation of the fundamental

error.

38
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in Table 3. It is stressed that a proper assessment requires about 50 pieces to be tested.

ISO 11648-2:2001(E)

The procedure is demonstrated by an example using results for five individual manganese ore fragments given

Table 3 — Experimental results for manganese ore fragments

Particle mass Grade
m; =155¢ X; = 50,8 % Mn
m, =107 g Xp = 46,9 % Mn
mg=212¢g X3 =52,0 % Mn
m; =999 X4 =49,9 % Mn
ms =134 g X5 = 47,8 % Mn
Results
my =7079
Xm = 49,9 % Mn
Hs= 0,229
H = 0,114 (assuming my/m= 0,50)
The resuling error levels as a function of the sample mass are shown in Table*4.
Table 4 — Error levels versirs sample mass
Sample mass Relative variance Relative standard Absolute standard
) deviation deviation
m Srel Srel S
g % Mn
100 0,001'140 0,033 8 1,69
500 0,000 229 0,0151 0,75
1000 0,000 114 0,0107 0,53
2500 0,000 046 0,006 8 0,34
5000 0,000 023 0,004 8 0,24
10 00@ 0,000 011 0,003 4 0,17
25 000 0,000 005 0,002 1 0,10
9.3 Minmmummass of sub-totsamptes

It is essential that the combined mass of all sub-lot samples that are prepared for the lot are, at each stage, greater
than the minimum mass of the gross sample defined in 9.2.

9.4 Minimum mass of crushed gross samples and sub-lot samples

Where gross samples and sub-lot samples are crushed to permit further division, recalculate the minimum masses
as specified in 9.2.2 for the nominal top size of the crushed material using equation (39). Where preliminary
estimates of the minimum masses for crushed samples are desired, the calculation method given in 9.2.3 can be

used.

© ISO 2001 - All rights reserved
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10 Mass-

basis sampling

10.1 General

Mass-basis
a)

b)

sampling involves the following steps:

spread the number of primary increments required on a uniform mass basis throughout the lot to be sampled;

extract from each mass interval an almost uniform mass of bulk material [at either the primary (preferred) or

secondary division step] to give an almost uniform mass of sample reporting to the gross sample or sub-lot

samplg:

NOTE
example, wh
increments V

Mass-basis
there is a
restrictions
capable of
mass and fl

10.2 Sam

Determine the interval between taking primary increments by mass;hasis sampling using the following equ

n
Am<

where
Am is
Mot IS
n is

10.3 Cutt

The followir

“Almost uniform mass” means that the coefficient of variation of the increment masses is not greatér than

a falling-stream cutter whose cutting speed is fixed during the course of handling the entire lot;

ere the nominal mass of increments is to be 40 kg, the increments are taken in such a manner|that 9
ary between 24 kg and 56 kg, with an average of 40 kg.

sampling will produce biased results if there is a correlation between flow rateyand quality a
correlation between flow rate and increment mass, even if the increment masses confor
given above. To use mass-basis sampling correctly, it is important toyinstall sampling e

bbtaining properly fixed mass increments for which there is no significant,correlation between i
oW rate.

bling interval

ot
n

he mass interval, in tonnes, between_taking primary increments;
he mass, in tonnes, of the lot;

he number of primary increments determined in 8.2.

Pr'S

g cutters may.be ) used:

J-stream cutter whose cutting speed is constant while cutting the stream but can be regulated

20 %. For
b % of the

hd also if
m to the
guipment
ncrement

ation:

(43)

, primary

eat-by primary increment, according to the flow rate of the bulk material on the conveyor belt;

a)

b) a fallin
increm

c)

a cross-belt cutter.

10.4 Taking of primary increments

Each primary increment is taken by a single traverse of the sampling device so that a full cross-section of the
stream is sampled.

The first primary increment is taken at a random mass less than Am from the start of a lot. Thereafter, the required
number of primary increments is taken by systematic sampling on a mass basis, i.e. at a fixed mass interval (Am),
and this interval is not changed during the entire course of sampling of a lot.

40
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The mass interval between primary increments should be smaller than that calculated in 10.2, so as to ensure that
the number of primary increments to be taken will be larger than the minimum number required.

Where the planned number of primary increments has been taken and handling of the lot has not been completed,

take addi

tional primary increments at the same mass interval until the handling operation is completed.

10.5 Constitution of a gross sample or sub-lot sample

A gross sample comprises all primary increments or sub-lot samples, either as taken or after having been prepared

individual

lly to a particular stage of sample preparation and then combined in the correct proportions.

Where th
primary i
a) subj
qual
b) subj
sam

A sub-lof]
individual
series of
not pract|
sub-lot m

10.6 Me

Constant
almost u
cutting fr

Fixed-rat]
proportio
division.

10.7 Di

Where i
incremer]

If th
incre

a)

b) If the

e coefficient of variation of the masses of primary increments is greater than 20 %, do not.d
ncrements, as taken, into sub-lot samples or a gross sample and either:

bct each primary increment separately to division (according to the rules of division) and d
ty characteristics; or

bct primary increments to constant-mass division prior to combining them into“sub-lot sampleg
Dle.

sample comprises several consecutive primary increments, either as taken or after having beg
ly to a particular stage of sample preparation and then combined-in the correct proportions
sub-lot samples for a lot should be made up of an equal number‘of consecutive primary incren
cal to obtain sub-lot samples made up of an equal numberf increments, weight the results
asses.

thods of division

-mass division is a method of obtaining divided' increments, sub-lot samples or gross sam
niform mass, regardless of the variation in the ‘masses to be divided. Cutter-type dividers hav
bguencies can be used for this type of division.

P division is a method of obtaining-divided increments, sub-lot samples or gross samples hav
hal to the varied masses to be divided. Rotary sample dividers or slotted belts can be used for

ision of increments

hcrements are divided and sub-lot samples or a gross sample are constituted from s
ts, carry out the-division by one of the following methods.

b coefficient~of variation of the masses of increments is greater than 20 %, carry out the div
ment by dn¢rement basis using constant-mass division.

coefficient of variation is not greater than 20 %, use either constant-mass or fixed-rate division.

ombine the

ptermine its

5 Or @ gross

bn prepared
. Each of a
nents. If it is
iccording to

ples having
ng variable

ing masses
this type of

ich divided

ision on an

10.8 Division of sub-lot samples

Where sub-lot samples are divided and a gross sample is constituted from the divided sub-lot samples, carry out
the division by one of the following methods.

a)

consist of an equal number of increments, use either constant-mass or fixed-rate division.

b)
sub-

c)

lot samples consist of an equal number of increments, use constant-mass division.

correct weighting.

© ISO 2001 - All rights reserved

If the coefficient of variation of the masses of sub-lot samples is not greater than 20 % and the sub-lot samples

If the coefficient of variation of the masses of sub-lot samples is greater than 20 % from their mean, and the

If the sub-lot samples consist of different numbers of increments, use fixed-rate division so as to maintain
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If fixed mass sub-samples are removed from a sub-lot sample (e.g. for a moisture test), then take into account any
combination of the rest of the sub-lot sample for correct weighting.

10.9 Division of gross samples

Where gross samples are divided, use either constant-mass or fixed-rate division.

10.10 Number of cuts for division

Determine the minimum number of cuts and their minimum masses for the division of increments, sub-lot samples
and gross §amples expernmentally as speciied In 5.3 and clauses 8 and 9.

However, ap a general guide, the following numbers of cuts may be used.

a) For grpss samples: use a minimum of 20 cuts. The combined mass of the cuts shouldybe” greater| than the
minimym gross sample mass specified in 9.2 and 9.4;

b) For sup-lot samples: use a minimum of 10 cuts. The combined mass of the cuts from all sub-lot sanples at a
given gampling stage should be greater than the minimum gross sample mass-specified in 9.2 and 9.4;

c) For individual increments: use a minimum of four cuts at each sampling,stage. The combined mdss of the
cuts frgm all increments at a given sampling stage should be greater<han the minimum gross sample mass
needed to obtain the required sampling variance. Calculate this-mihimum gross sample mass (ising the
methods specified in 9.2 and 9.4.

Since the spmpling precision cannot be determined beforehand, check experiments are recommended to @scertain
whether thg number of cuts is sufficient.

For constarnt-mass division, vary the interval between takifng cuts according to the mass of the gross sanijple, sub-
lot sample jor increment to be divided in accordance with the principles specified in 10.2. Take the fifst cut at
random within the first mass interval.

For fixed-rate division, keep the interval between taking cuts constant regardless of the mass of the grosg sample,
sub-lot sanple or increment to be divided, in accordance with the principles specified in 11.2. Take the f{rst cut at
random within the first time interval.

11 Time-basis sampling
11.1 Gengral

Time-basis [samplingnyolves the following two steps:

a) distribdtioncof'the required number of primary increments, on a uniform time basis, throughout the mhass to be
samplgd;

b) for each time interval, extraction of a primary increment of particulate material proportional to the material flow
rate at the time of taking the increment.
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11.2 Sampling interval

The interval between taking primary increments by time-basis sampling is as follows:

60 miot
q-n

is the time interval, in minutes, between taking primary increments;

-2:2001(E)

(44)

At<
where

At

Mot

q

n
11.3 Cu
The follo
a) afal
b) acrg

is the mass, in tonnes of the lot;
is the maximum flow rate, in tonnes per hour;

is the number of primary increments determined in 8.2.

tters
ving cutters may be used:
ing-stream cutter, whose cutting speed is fixed during the course of handling the entire lot;

ss-belt cutter.

11.4 Taking of primary increments

Take ead
Take the
Thereaft
ie.ataf

NOTE
number o

Where th
additiong

11.5 Cd
Combineg

a) Conm

h primary increment by a single traverse of theampling device.
first primary increment at a random time:after a period of time of less than At from the stal
xed time interval that is not changed during the entire course of sampling of a lot.

The time interval between primaty increments should be smaller than that calculated in 11.2 to en
primary increments to be takeh will be larger than the minimum number of primary increments specified.

e planned number of primary increments has been taken and the handling has not been com
| primary increments-at the same interval until the handling operation is completed.

nstitution @f.gross sample or sub-lot sample
primary\inerements to form gross samples or sub-lot samples in either of the following ways.

bine\primary increments, as taken, into sub-lot samples or a gross sample irrespective of the

mas

ses/of primary increments.

br, take the required number of primartincrements using stratified systematic sampling on a

t of the lot.
time basis,

sure that the

pleted, take

variation of

NOTE

When sub-lot samples are analysed to determine the quality characteristics for the lot, the mass of the sub-lot sample,
or the mass of the sub-lot from which the sub-lot sample has been taken, should be determined in order to obtain the weighted
mean of the quality characteristic for the lot.

b) Divide primary increments using fixed-rate division. Then prepare a gross sample or sub-lot sample by
combining divided increments, provided that the mass of the divided increment is proportional to that of the

prim

ary increment, so as to retain the weighted mean of the quality characteristic for the lot.
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ion of increments and sub-lot samples

After time-basis sampling, carry out the division of increments and sub-lot samples using fixed-rate division where
the divided samples are intended to be combined. When samples are not intended to be combined, fixed-rate

division or ¢

11.7 Divis

onstant-mass division can be used.

ion of gross samples

Carry out division of gross samples by either constant-mass or fixed-rate division.

11.8 Num

Determine
gross samp

However, a|

a) Forgr

minimy

b) Forsu

given §

c)

at a giy

Since the §
ascertain w|

For fixed-ra

sub-lot sam]
within the fi

12 Strati

For stratifig

exception that once the mass interval has been set, programme the sample cutter to take one primary inc

any point af

a random mass number anywhere within the mass interval (determined in 10.2), which activates the sam

at the mass

For stratifig

For individual increments: use a minimum of four cuts. The combined mass of the cuts from all in

per or cuts 1or division

he minimum number of cuts and their minimum masses for division of increments, sub-<lot'samples and

les experimentally as specified in 5.3 and clauses 8 and 9.
5 a general guide, the following numbers of cuts may be used.

DSs samples: use a minimum of 20 cuts. The combined mass of the cuts’should be greater
m gross sample mass specified in 9.2 and 9.4.

en sampling stage should be greater than the minimum gross sample mass specified in 9.2 an

ampling precision cannot be determined beforehandycheck experiments are recommended
hether the number of cuts is sufficient.

te division, keep the interval between taking ¢uts constant regardless of the mass of the grosg

ple or increment to be divided in accordance with the principles of 11.2. Take the first cut &
st time interval.

fied random sampling within fixed mass or time intervals

d random sampling withinfixed mass intervals, use the procedure specified in clause 10,
random within this mass interval. For this purpose, use a random number generator, capable
correspondingdo)the mass number generated.

d random~sampling within fixed time intervals, use the procedure specified in clause 11,

exception t
any point ai
random tim
the time co

13 Mech

at once-theé time interval has been set, programme the sample cutter to take one primary inc
randem’ within this time interval. For this purpose, use a random number generator, capable o

than the

pb-lot samples: use a minimum of 10 cuts. The combined mass of the cuts from all sub-lot sanmples at a
ampling stage should be greater than the minimum gross sample mass specified in 9.2 and 9.4.

crements
1 9.4.

SO as to

sample,
t random

with the
ement at
of giving
ble cutter

with the
ement at
f giving a
cutter at

number anywhere within the time interval (determined in 11.2), which activates the sample

anical sampling from moving streams

13.1 General

Different mechanical sample cutters are available and it is not possible to specify any particular type that should be
used for specific sampling applications.

NOTE
equipment.

44

Annex B gives examples of sample cutters in common use and should be taken as a guide in the choice of suitable
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Only mechanical samplers that take a complete cross-section of the bulk material stream in one cut are
recommended. Mechanical sample cutters taking only a part of the stream in one operation do not collect a
representative sample and, therefore, do not comply with this part of ISO 11648.

13.2 De

sign of the sampling system

13.2.1 Safety of operators

From the initial stage of design and construction of a sampling system, ensure that consideration is given to the
safety of operators. Respect the applicable safety codes prescribed by the appropriate regulatory authorities.

1322 L

Choose the location of sample cutters according to the following criteria:

a) ensu
b)
to bd

c)
matg
qual

NOTE 1
system as
stopped-b

NOTE 2
combinati

13.2.3 P

It is recommended that the system provided be capable of processing each primary increment t

duplicate

13.24 §

When a
ensure th
the syste)

Verify th¢
operatior

perform sampling as closely as possible to the loading or discharge point where the quality charag

perform sampling at a point in the handling system where there is no*apparent visual segreg

bcation of sample cutters

re the sample cutters are located at a point which affords access to the complete\bulk material

determined, for example immediately prior to ship loading;

rial stream and where there is no apparent risk of errors due 40 a periodic variation in matq
ty.

Basic requirements should be taken into account from the early stages of design, construction and inst
well as during the operation and maintenance of the plant. To permit bias checks, provision should
elt sampling adjacent to the sample cutter.

It is not essential to construct or operate the.mechanical sampling system as a whole. Any prin
bn of principal units, may be operated mechanically,and combined at any stage with manual procedures.

rovision for duplicate sampling

sub-lot samples.

ystem for checking the precision and bias

mechanical sampling-system is commissioned or when principal parts are modified, check th
at correct sampling principles are respected. Also carry out check experiments for precision
Im as a whole;

e level of bias, preferably by comparison with “stopped-belt” sampling, using the critical prop
of the,sampling system.

stream;

teristics are

ation of the
brial feed or

hllation of the
be made for

Cipal unit, or

D constitute

e system to
and bias for

prties in the

13.25 A

It is esse

restr

raidin
TOrTT

a-biac
v-O oot

ntial that the sampling system be designed to avoid the following:

spillage of the sample;

iction of the flow of bulk material through the system;

retention of residual material;

contamination of the sample.
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NOTE

When a change is made in the type of bulk material being sampled, the system should be thoroughly cleaned, or a

quantity of material taken from the lot to be sampled should be passed through the entire system to remove any contaminants.

13.2.6 Mini

mizing bias

It is essential that the sampling system be designed to minimize the following:

degradation of the constituent particles where a sample is taken for size determination;

change in moisture content.

13.2.7 Arré
Arrange thg

In the even
to carry ou

pre-installed facility (e.g. short conveyor, concrete pad or base with smooth working Surface, receiving

that sample
13.3 Sam

13.3.1 Gen

Sample cut

the bulk material, for example at a transfer point, or discharge@nto or from a bin or hopper. Cross-be

collect the i
13.3.2 Fall
In designing

a) The s

lngement of sampling system
sampling system in such a way that the principal units can be operated individually.

of breakdown in the crushing and dividing parts of the system, make sure provision is made t
sampling manually. For example, increments taken by the primary sampler‘may be by-pas

preparation can proceed.
ble cutters

eral
ers are divided into two types. Falling-stream cutters collect the increment from the stream tra

ncrement from the material stream while it is being €onveyed on a conveyor belt.

ng-stream cutters

falling-stream cutters, the following criteria apply.

mple cutter shall be of the self-clearing type, for example stainless-steel or polyuretha
ging each increment completely.

Jlating in the cutter when in the parked position.

tter shall collect @~complete cross-section of the bulk material stream, both the leading an
Clearing the stréam in the same path.

gle between'the cutter aperture and the horizontal should preferably be half the angle betweer
|| stream-and the vertical, within 30° (see Figure 5). Alternatively, the cutter may cut the streant
normal to, or along an arc normal to, the mean trajectory of the stream. Cutters in which thg

D be able
sed to a
truck) so

ectory of
It cutters

ne lined,

No materials other than the sample’shall be introduced into the cutter, for example to prevent any @lust from

d trailing

the bulk
either in
plane of

rtUre’is vertical, or nearly vertical, shall be avoided.

The cutter shall travel through the bulk material stream at a uniform velocity, not deviating by more than 5 % at

The geometry of the cutter opening shall be such that the cutting time of each point in the stream is nearly

equal, not deviating by more than 5 %, i.e. straight-path cutters should have parallel cutter lips, and radial

should have radial cutter lips.

of the bulk material being sampled (see Figure 6).

nimum cutter aperture width of any cutter shall be 30 mm.

discha
b)

accum
c) The c(

edges
d) The an

materig

a plang

the apsq
e)

any point.
f)

cutters
9)
h) The mi
46

The effective cutting aperture width of the cutter shall be at least three times as large as the nominal top size
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NOTE Where experimental evidence is available to show that no significant bias is introduced, cutter aperture widths as
small as 10 mm may be used for most materials. In the case of free flowing mineral sands, experimental evidence shows that no
significant bias is introduced for a minimum cutter aperture width as small as 4 mm.

i)  The cutter shall be of sufficient capacity to accommodate the increment mass obtained at the maximum flow
rate of the bulk material.

1
L~
2
7
6
O o o
3 o0, o 6/2
°%
e
o, 6
[e]
©)
°o
L o
o
(o]
o
o
o
(o]
o
5 [}
Key
1 Vertical plane
2 Mean firection of material particles as.they reach the plane of the cutter aperture
3 Conveyor
4 Head pulley
5 Mean frajectory of material particles
6 Horizontal plane
7 Plane pf cutter aperture

0
9
2

= angle|between\the’ material stream and the vertical

= angl¢ between the plane of the cutter aperture and the horizontal

Figure 5 — Falling-stream sample cutter
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Key

Viel

Veut

1 Cuttinge
2 Cutter lip
3 Cutter pa|

astream =th

b
h
v

V

stream

cut

rel

13.3.3 Cro

In designing

a)

b)

c)
d)

e)

f)

)}

48

The s
discha

 /

Hges

5

th

e width of the zone of partially impeded stream v, =elocity of the material stream

e width of the zone of unimpeded stream b =effective cutter aperture width

e depth of the cutter throat by = the width of the cutter

locity of the cutter o = angle between material stream and cutter
ative velocity @ = angle between relative velocity and directio

path
Figure 6 — Cutter having cutter lips normal to the cutter path
5s-belt cutters
cross-belt cutters, thé following criteria apply.

mple cutter shallDbe of the self-clearing type, for example stainless-steel or polyuretha
ging each increment completely.

No ma

erials othier'than the sample shall be introduced into the sample cutter, for example, to prevent|

from ag¢cumulating in the cutter when in the parked position.

ath

n of cutter

ne lined,

any dust

The cuftefshall collect a complete cross-section of the bulk material stream.

The cutter shall cut the bulk material stream in a plane normal to the surface of the conveyor.

The cutter shall travel through the bulk material stream at a uniform velocity, not deviating by more than 5 % at
any point.

The geometry of the cutter opening shall be such that the cutting time of each point in the stream is nearly
equal, not deviating by more than 5 %.

The effective cutting aperture width of the cutter shall be at least three times as large as the nominal top size
of the bulk material being sampled.
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minimum cutter aperture width of any cutter shall be 30 mm.

Where experimental evidence is available to show that no significant bias is introduced, cutter aperture widths as

small as 10 mm may be used for most materials. In the case of free flowing mineral sands, experimental evidence shows
that no significant bias is introduced for a minimum cutter aperture width as small as 4 mm.

i)  The cutter shall be of sufficient capacity to accommodate the increment mass obtained at the maximum flow

rate

of the bulk material.

i) To ensure that all fine particles are collected from the belt, adjust the profile of the conveyor belt to the
curvature of the path of the cutter by additional multi-roller idlers.

k) Reg
with
of th

13.34 G

In design
high a cu

— bias
— bias
— shod
For fallin
streams
be introd

the nomi

On the b
large as

For fallin
maximun

Veut

where

Veut

ilarly adjust any flexible blades, brushes or skirts fitted to the cutter so as to maintain their, ¢l
the surface of the moving conveyor belt and to ensure that the complete bulk-material se¢tiorn
e cutter is collected from the belt.

utter velocities

ing a mechanical sample cutter, one of the most important design parameters is the cutter v
tter velocity will lead to:

ng of the sample due to deflection of the larger particles;

ng of the sample by rebounding particles and dust caused by excessive turbulence;

g-stream cutters, experimental work on ores [l has*shown that when sampling heterogened
pf low belt loading (stream density) where the patticle size distribution is very narrow, significa
uced if the cutter speed exceeds 0,6 m/s or_the cutter aperture width is less than three times
nal top size of the material.

asis of this evidence, falling-stream:cutters that have a cutter aperture width, b, equal to thr
he nominal top size of the bulk material shall not exceed a cutter speed of 0,6 m/s.

j-stream cutters where the effective aperture width is greater than three times the nominal t
h cutter speed allowed capbe’increased in accordance with the following equation:

-03 (14
3d

is the.maximum cutter speed allowed, in metres per second;

k load problems and difficulties in maintaining constant speed while cutting the material stream.

ose contact
in the path

elocity. Too

us material
nt bias may
as large as

be times as

bp size, the

(45)

b

is-the effective aperture width, in millimetres, of the cutter;

d

However

NOTE

is the nominal top size, in millimetres.

, itis imperative that the maximum speed not exceed 1,5 m/s.

In cases where the cutter aperture width is three times as large as the nominal top size, cutter speeds higher than
0,6 m/s may be used only where experimental evidence proves that no significant bias is introduced.

When sampling from a moving conveyor belt using a cross-belt cutter, take the increments from the complete width
of the belt at right angles to the stream or at an angle to the stream axis so that the cutter does not create a
“bow wave”. The peripheral speed shall be such that no excessive turbulence is created and shall be a minimum of
1,5 times belt speed.

© ISO 2001 - All rights reserved

49


https://standardsiso.com/api/?name=22665886c1ee47de668847f74dfbeea7

ISO 11648

-2:2001(E)

13.4 Mass of increments

The mass of each increment obtained from a falling-stream sampler designed to avoid bias is given in clause 7.

13.5 Num

ber of primary increments

The number of primary increments taken is given in clause 8.

13.6 Routine checking

Carry out the maintenance and inspection of the sampling system, particularly cutter apertures, at freq
regular inteyvals. Carry out the verification of compliance with appropriate standards when any modifica
made or a £hange is suspected. Check the average increment mass to ensure that it is consistept\with
predicted by equations (26) or (27).

14 Manujal sampling from moving streams

14.1 Gengral

Mechanicall sampling from moving streams is the recommended method Because it provides more reli
than manupl sampling. However, where no mechanical sampler is available or where it is consid
mechanical| sampling equipment may produce undue size degradatieh, manual sampling may be p¢

provided th
operator.

For safety 1,
In relation
authorities.

In order to ¢btain a fully representative sample, acgess to the whole stream is necessary. In some situatio

be possible

14.2 Chogsing the sampling location

The samplipg location shall:

providg

enable
distriby

afford @ccess to the€omplete bulk material stream;

at access is available to the complete material stream and that there is no risk for the safg
pasons, also restrict manual sampling from moving streams to streams with small flow rates (g

b the safety of operators, respect the applicable safety codes prescribed by the appropriate r

to use the reference method from a‘stepped belt (see clause 15).

complete operatorsafety;

minimum‘segregation of the bulk material stream, for example in particle size distribution and
tion;

uent and
tions are
he mass

hble data
bred that
prformed,
ty of the

ee 14.2).
egulatory

ns it may

moisture

be as d

lose as pnccihln tothe load or dicrhnrga Inninf where the nllmlify isto be determined

In most conveying systems, the only sampling location that satisfies the above criteria is at a transfer or discharge
point. No sampling is permitted from the top of a moving conveyor belt for reasons primarily concerned with the
safety of the operator and secondly due to the difficulty in obtaining an unbiased sample.

Manual sampling from moving streams is only practicable in cases where the flow rate is slow enough to be able to
physically collect a complete cross-section of the stream of particulate material. Sampling of parts of the stream is
not recommended because particulate material very often segregates on a conveyor belt. Furthermore, for safety
reasons, do not attempt to make a sampling from a falling stream if the flow rate exceeds 250 t/h.

50
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14.3 Sampling implements

Carry out manual sampling from moving streams of particulate material using implements such as ladles, scoops or
manual sample cutters. Use an implement having an opening no less than three times the nominal top size of the
particulate material and having a capacity so as to sample the complete stream in one pass.

NOTE

Examples of suitable implements for manual sampling are given in annex C.

Make sure the capacity of the implement is designed to avoid overflow and conforms with the recommendations of

clause 9

and Figure C.1.

14.4 Meé

The mas
clause 7.

14.5 NU

The num

ISs of increments

s of each increment obtained from a manual-sampling implement designed to avoid,bias

mber of primary increments

ber of primary increments to be taken is given in clause 8.

14.6 Sgmpling procedures

Take the
the strea

direction$

When ug
material,
the strea
that it su
not fill thq

15 Sto

For collg
sampling

a) Dets
b) Stop
c) Ate

thred
and

increment in a single operation, moving the ladle, scoop oranual sample cutter across the
Im of particulate material at a uniform rate. Take alternatelincrements by crossing the stream

p.

ing a scoop, invert the implement so as to place the opening underneath the stream of
then insert it through the stream to the other side. Turn the scoop upright again and withdra
M. Alternatively, the scoop may be filled by passing it through the stream once, from front to re
hsequently can be withdrawn from the stream. Whatever method is used, it is essential that th
b sample container after it has traversed, the stream.

pped-belt sampling

cting a reference sample,-Stopped-belt sampling is the preferred method in comparison
procedures. The procedure for sampling from a stopped belt is as follows.

rmine the parameters for sampling.

the belt at the predetermined time or mass intervals.

P times the nominal top size of the bulk material or 30 mm, whichever is the larger, on the sta

is given in

full width of
in opposite

particulate
v it through
hr, provided
e increment

with other

hch stoppage, place a suitably profiled sampling frame (see Note 1), with minimum internal dinensions of

itionary belt

nSert it through the material so that it is in intimate contact with the belt across its full width.

d) Should any large pieces of bulk material prevent insertion of the frame, push those at the left-hand edge of the

fram

e into the increment and those at the right-hand edge of the frame out of the increment.

e) Remove the bulk material within the sampling frame, ensuring that all particles in this area are included in the
increment by sweeping the belt, and deposit each increment into a suitable container (see Note 2).

f)  Combine the increments as follows.

1

For time-basis sampling, combine the increments as taken into sub-lot samples or a gross sample,
irrespective of the variation in the masses of the increments. If the masses of the increments are too large,

divide the increments by fixed-rate division prior to combination.
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2)

For mass-basis sampling, if the coefficient of variation of increment masses is greater than 20 % from their

mean, do not combine the increments as taken into sub-lot samples or a gross sample; either divide each
increment separately and determine its quality characteristics, or divide increments by constant-mass
division prior to combination at the appropriate stage of division into sub-lot samples or a gross sample.

g) Store the sub-lot samples or gross samples in labelled containers as specified in clause 23.

NOTE 1

NOTE 2

An example of a suitable sampling frame is given in annex D.

Where the increment is to be used for moisture determination, the increment should be removed from within the

sampling frame in the shortest possible time to prevent loss of moisture, and deposited together with the belt sweepings in a

container wh

16 Samp

16.1 Geng

This clause
ships' holds

The methoq
the circums
far from ide
equally acc
be fulfilled i

There is a flisk that considerably biased samples can be taken‘because stationary bulk materials tend to

segregated
concern, th
possibility o

Sampling filom stationary lots should therefore.only be applied if no possibility exists of using the recot]
sampling, namely sampling from a moving stream with a cutter during the loading or unloagiing from

method of
wagons, baj

16.2 Esta

The genera) procedure for sampling from stationary lots is similar to that outlined for sampling from moving

(clause 6),
procedure f

ch should be promptly Sealed 10 prevent moisture 10Ss (Or gain) due to climatiC conditions.

ling from stationary situations

eral

sets out procedures for sampling bulk material from railway wagons, foad wagons, shalloy
, large barges, and stockpiles.

s of sampling described in this clause are aimed at obtaining the best sample that can be ac
tances. It should be borne in mind, however, that when sampling, from stationary lots, circumstg
al for sampling. The essential condition of sampling, namely/that all parts of the bulk materia
bssible to the sampling implement and have the same chanee of being included in the sample,
N a limited number of stationary lot sampling procedures:

Consequently, sampling from the surface of wagons is not included in this clause. Of eve
bre is a considerable risk to the safety of operators taking samples from the tops of wagons,
f the wagons moving during the operation.

Fges, ships or stockpiles.

pblishing a sampling scheme
hlthough there aré-some specific differences. For stationary situations, the following shall be th
Dr establishingya. sampling scheme.

the purpese for which the samples are to be taken.

the ‘quality characteristics to be measured and the types of samples required. Specify

U/ barges,

hieved in
\nces are
shall be
can only

be highly
n greater
given the

nmended

streams
b general

the total

bri(combined precision of sampling, sample preparation and measurement) required for eag

h quality

eTTStic:

Define the lot and the number of sub-lots (us) if such a division is required. A lot may be sampled as a whole

or as a series of sub-lots. A division of a lot into a number of sub-lots may be necessary in order to improve the
precision of the results.

whether continuous or intermittent sampling is to be used (16.3 and 16.4).

Determine the variability of the quality characteristic under consideration using the methods of 5.3 and

establish the number of sub-lots (ug,p) (16.4) actually to be sampled in order to attain the desired precision.

as specified in 16.5). These strata are to be spaced evenly by position or mass.

a) Define

b) Identify
precisi
charac

c)

d) Decide

e)

f)

52

Divide each sub-lot to be sampled into ngy, Strata (ngyp being the number of increments to be taken per sub-lot
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g) Ascertain the nominal top size and particle density of the bulk material for use in determining the gross sample
mass in step i). The nominal top size also determines the minimum size of the opening of the sampling
implement required to avoid bias.

h) Check that the procedures and equipment for taking increments avoid significant bias.

i) Determine the minimum gross sample mass (clause 9).

j) Determine the method of combining the increments into samples and the method of sample preparation.

Carry out_ the sampling by stratified systematic sampling, but only where it can be shown that no systematic error

can be introduced by any periodic variation in quality or quantity which may coincide with, or approxin

multiple

Where t
suggeste

In some
becomesg
procedur

All primg
mass; i.¢g

16.3 Cqg

In contin
are as m
precision
the procd

16.4 Infermittent sampling

It may be
called int
sub-lots

depende
demonst

There ar
not possg
informati

describe]i in 1ISQ13909-7. If the variation between sub-lots is too large, it may be necessary t

continuo

f the proposed sampling interval.

d that stratified random sampling be used.

cases, if all increments are to be combined, the total mass will be so large that division of the
necessary prior to combination to form sub-lot samples or a gross sample. In such cases
e for manual increment division.

ry increments taken for combining into gross samples or sub-lot(Samples should be of alm
. the coefficient of variation of the increment masses should not-bé greater than 20 %.

ntinuous sampling
lous sampling, sample every sub-lot and collect the same number of increments from each su

but if it is desired to check that the required préeision has been obtained, it is possible to do
dures of replicate sampling described in ISO.13909-7.

ermittent sampling. Take the . same number of increments from every sub-lot that is sampled.
0 be sampled at random, (Unless it can be demonstrated that no bias, for example as a res
Nt variance, is introduc¢ed by choosing sub-lots systematically. It is recommended th
ation be repeated from time to time and at random intervals.

b as many samplé-tesults as there are sub-lots sampled, but because some sub-lots are not s
ible to say whether the average of these results will have the required precision for the
bn about the.variation between sub-lots is available. This can be obtained by following the

s sampling to achieve the desired precision.

hate to, any

ere is a risk that systematic errors can be introduced by periodic variations in quality or qpantity, it is

increments
, follow the

ost uniform

b-lot. There

any sample results for the lot as there are sub-lots:~The mean result for the lot should be of the required

SO by using

satisfactory to collect increments from some of the sub-lots of a bulk material but not from others. This is

Choose the
sult of time-
at such a

hmpled, it is
lot unless
procedure
D introduce

16.5 Ov

erall precision and the number of increments.

The required overall precision ZsépM for a lot shall be decided for each quality characteristic to be measured.
From an experimental determination of the sample preparation and measurement variance, SEM, and the required
overall precision, the required sampling variance sé can be derived, provided SépM > séM.

The minimum number of increments for the lot, niy;, that need to be taken in order to achieve a required sampling
variance, may be determined using the methods for estimating the variability of the quality characteristic that are
described in clause 8.
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If the increment variance method is used to estimate variability, then equation (35) may be written as:

2
_Si
Niot = 5 SUgyp - nsub (46)
Ss
where
Nsup IS the number of increments taken from each sub-lot sampled in either an intermittent or continuous
sampling scheme;
Usyp IS the number of sub-lots actually sampled in an intermittent sampling scheme and selected|from the
Sub-lots of the lot.
If ugyp sub-Jot samples are prepared with each sub-lot sample being constituted with an equal number, ng,, Of
increments |and if single measurements (r = 1) are carried out on each sub-lot sample, then @-generalized form of
equation (2#1) appropriate for intermittent sampling is required. That is:
2 2 2
2 1.2 S S S
Sfinc 9S8 + sub _ Ssub + PM (47)
Usup Uot  Usub
where
sgub is the sub-lot variance which may be determined by the tmethods described in ISO 13909-7;
Ujot is the number of sub-lots in the lot.
For continupus sampling where ug,p = Ujot, €quation (47) simplifies to:
2 2 SéM
SspmASs+ — (48)
Usup
Re-arrangirjg equation (46) and replacing nig; with ujg; gives:
2
S
s§=—— (49)
Usub “ Nsub
This expregsion for the samgpling variance can be substituted into equation (47) to give a relationship for the overall
variance frdgm which the gyérall precision can be simply obtained in equation (50):
2
S
u
u
SépM | “sub lot (50)
Uguh
from which the overall precision can be simply obtained.

54
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For continuous sampling, equation (50) simplifies to:
2
S
=L+ shy

n
s§pm=—L—— (51)
Usub

Re-arranging equation (50) gives an expression for the number of increments to be taken from each sub-lot
sampled in order to achieve a desired overall precision. That is:

s
Nsuy = (52)

2 Usub |2 2
(usub ’ SSPM) - (1 - U, ]Ssub —SpMm
ot

It is possjble to simplify equation (52) in the case of continuous sampling to:

SZ

(ulot 'SSPM) —SpMm

If the value of the number increments per sub-lot determined from equations (52) or (53) is impracticably large,
increase [the number of sub-lots to be actually sampled by one of the fellowing means:

a) chogse a larger value for ug,, in equation (52) or for uy inseguation (53), recalculate ng,, and cpntinue this
procgess until the value of ngy, is a practicable number;

b) decifle on the maximum practicable number of increments per sub-lot, ngy, and, in the situation where
intermittent sampling is used, calculate ug, from the-following equation:

S| 2 2
Ujot + Ssub + Spm
_ Nsub

Usug = > > (54)
(Ulot : SSPM)+ Ssub

Adjust ug},, upwards, if necessary,\to'a convenient whole number and recalculate ng,, from equation (52

~

In the sithiation where continuous sampling is used and where ug,, = Uigt, €quation (54) simplifies to:

2

! + s
Nsub

Ugyd = —SuRs) (55)

2
SSPM

Adjust ugl,, upwards, if necessary. to a convenient whole number and recalculate ng,, from equation (53).

16.6 Methods of sampling from wagons and barges

16.6.1 General
The methods described in this clause are applicable to railway wagons, road wagons and shallow barges. A sub-lot

can be one or any number of wagons, an entire barge, several barges or one hold of a barge. Calculate the
number of sub-lots in the lot and the required number of increments in each sub-lot by the methods given in 16.5.
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16.6.2 Extracting increments

For dry bulk material, take increments using a mechanical auger (16.9.2). For moist bulk material of nominal top
size less than 10 mm, spear sampling may be used. Ensure that a full column of bulk material is extracted, so as to
obtain a representative increment. Do not deliberately push aside large and hard pieces of the bulk material when
collecting an increment. Do not allow wet material to adhere to the sampling equipment.

16.6.3 Distribution of increments

16.6.3.1 Distribution in wagons

If the numl
increment f
than the nu
the total nu
distribute th

The selectiq

Vary the pqg
various me
wagons.

The surfacs
1 m, the nu
each wago
rotation. In

16.6.3.2 [

Although barges or even their holds are generally larger than wagons, the method of distribution of incre|

A

mber of wagons in the sub-lot, determine the number of increments taken from each-wagon b
mber of increments by the number of wagons; if after this division there is a remaindér of ing
lese increments over the sub-lot.

mber of squares being dependent on the size of the wagon: If only a single increment is requ
n, systematic sampling can be used; for example taking increments from the numbered squares in
hll other circumstances, use random selection (16.6:4);

er of increments required for a sub-lot is less than the number of wagons in the sub-lat;
om each of that number of wagons. When the number of increments required for a subslot |

n of wagons may either be systematic (e.g. every third wagon) or random (See 16.6.4).

sitions of the increments from wagon to wagon so that all parts are.correctly represented. T
hods for doing this and different schemes may be preferred for use, with different designs o

of the bulk material in the wagon, for example, can be divided into numbered squares, each s

istribution in barges

the same. The procedures given in 16:6:3.2 may therefore be applied to barges and/or barge |

dom selection of increments

reas to be sampled by one’of the following methods:

te, by computer, astandom number for each increment required from a set corresponding to
ol

 a set of pumbered discs, one disc corresponding to each sampling area and then proceed as

coineide with the total number to be sampled. Attach the selected discs to a reference b
mple those wagons, barges or holds corresponding to the numbers on the selected discs

in principle,
16.6.4 Ran
Identify all {
Select the 8
a) Generg
identifig
b) Providg
1) W
to
S
2)

take one
S greater

dividing
rements,

here are
sizes of

de about

ired from

ments is,

olds.

he possible sampling areas_(wagons, barges, barge holds or parts thereof) and number them serially.

the total

follows.

nen sejecting wagons, barges or holds, place the discs in a bag and draw sufficient disks fronp the bag

bard and

When selecting sampling areas within containers (wagons, barges or barge holds), place the discs in a

bag close to the sampling point and provide a diagram on a fixed board showing the locations of the areas
across the surface of the bulk material. To sample the first selected container, draw sufficient discs from
the bag to coincide with the total number of increments to be taken from that container and take an
increment from those areas corresponding to the numbers on the selected discs. Place these discs in a
second bag after use. For the second container, follow the same procedure by drawing discs from those
remaining in the first bag. Continue this process for subsequent containers until all the discs are used up
and then swap the bags over so that discs are drawn from the second bag and placed in the first bag. This
procedure ensures that the order of the sampling areas from which increments are taken is always
different.
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16.6.5 Mass of primary increments
The mass of primary increments shall be greater or equal to the mass corresponding to the dimensions of a
sampling implement designed to avoid bias and which therefore comply with the requirements of 7.4. Primary

increments shall be of almost uniform mass; i.e. the coefficient of variation of the masses should not be greater
than 20 %.

16.6.6 Duplicate sampling

Take twice the number of increments calculated in accordance with 16.5, distributed over the sub-lot, and place

alternate

increments into separate containers.

16.7 S

Sampling
quality of
Furtherm
sampling
be.

As a co
available
almost al
treated b

However,
those wh
compara

In all oth

mpling from holds of ships and large barges

from stationary bulk material in the holds of ships and large barges is not satisfactory for detg
bulk material for commercial transactions because of the difficulty of obtaining arépresentat
ore, such sampling may involve hazardous operations and the safety precautiohs necessa
reasonably safe are likely to lead to unacceptable delays during loading or‘unifoading, as th

nsequence of the impact of these disadvantages and because the\bulk material handling
for loading and unloading ocean-going and coastal ships as well @s barges of typically coas
ways provide facilities for sampling from a moving stream, sampling from the holds of such ve
y this part of ISO 11648.

the use of a mechanical auger for sampling from the.holds of small barges is described in
ich have dimensions such that the conditions of sampling, especially to the full depth of th
ple to those prevailing when sampling from rail wagons.

br situations requiring mechanical sampling from ships, the only applicable method of sampli

by this part of ISO 11648 is by using a mechanical cutter to sample from a moving stream while the bul

being log

ded or off-loaded.

16.8 Sdmpling from stockpiles

16.8.1 G

Sampling
not a rec
stockpile
or sides

stockpile

In all cas
example
sample @

eneral

bulk material from astockpile presents difficulties in obtaining a representative sample and
pbmmended procedute; The only really effective and recommended method for sampling bulk

rmining the
ive sample.
y to render
b case may

equipment
ter size will
ssels is not

16.9.2; i.e.
e hold, are

g specified
material is

therefore is
nhaterial in a

is by sampling daring the building up or the breaking down of the stockpile. A sample taken from the top

bnly of a stockpile)cannot be regarded as being representative of the whole stockpile, particula
is composed of bulk material from more than one source.

s, a sample can represent only that part and that depth of the bulk material from which it is c(
if increments are taken by an auger that can penetrate to a depth of 2 m only, the results of {
an-be regarded as being representative of the quality of bulk material in the stockpile down t

ly when the

llected. For
ests on any
b that depth

only. In
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20 m high

stockpile, only the material contained in the top 2 m can be taken as the quantity of bulk ore for which the final
result is possibly valid.

Some sampling implements may cause degradation of the bulk material and care should be taken to ensure that
the properties of the material deemed critical are not affected by the sampling implement.

16.8.2 Selection of sampling points

Determine the number of sub-lots as follows. By survey, determine accurately the layout of the stockpile and draw
a survey plan. On the plan, divide the stockpile into sub-lots containing approximately equal masses of accessible
bulk material, and number each segment. Divide the stockpile into at least 20 sub-lots. The size of these sub-lots
should be such that they are easy to locate on the stockpile.
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16.8.3 Mass of primary increments

The mass of primary increments shall be greater or equal to the mass corresponding to the dimensions of a
mechanical auger designed to avoid bias and which therefore comply with the requirements of 7.4. Ensure that a
full column of bulk material is extracted, so that a representative increment is obtained, by using an auger that can
penetrate to the bottom of the stockpile. Primary increments shall be of almost uniform mass; i.e. the coefficient of

variation of the masses should not be greater than 20 %.

16.9 Equipment for stationary sampling

16.9.1 Generat

In practice,|spears and mechanical augers are used where the primary increments are to be collected
body of a stockpile or from a wagon, but they may produce a biased sample because the whole of the
equally accessible. The samples obtained will at best be representative of the depth of bulk matérial to
implement penetrates. The use of an auger can also cause particle breakage and thereforeaffect size di
and bulk de¢nsity of the bulk material sample. Therefore, sampling with augers and spears is not recorn

unless the

16.9.2 Meg

The mecha
is mounted
of the screy

the nominal top size of the bulk material.
Where samfpling using augers is unavoidable, increments may.he taken from bulk material with a nomina
of less thanl 25 mm, provided that care is taken to ensure that the full column of bulk material is taken out

no particles

It is essentjal that the diameter of the auger be at\least three times the nominal top size of the bulk

or 30 mm,
auger samf
is used, the

16.9.3 Spe

Il column of bulk material can be extracted. The procedures below minimize'some of the error

hanical auger
hical auger consists of a cylindrical steel tube containing an Archimedean screw (see Figure D

on a structure in such a way that it can take a vertical core from the full depth of bulk material.
v and the annular gap (the distance between the shaft and the tube) shall each be at least th

are lost when the auger is being extracted.

vhichever is the greater. When sampling bulk material with a nominal top size greater thar
ling may be found to be impossible-unless mechanical apparatus is used. Where mechanical 3
amount of material taken will usually exceed that required.

ar'S

Spear sam

is taken to [ensure that the fulheolumn of bulk material is taken and that no particles are lost when the
being extragted. The internal diameter of the spear (see Figure D.3) should be at least three times the no

ling may be used to.sample moist bulk material of nominal top size less than 10 mm, provided

from the
lot is not
vhich the
stribution
nmended

D.

.2) which
The pitch
ree times

| top size
and that

material
25 mm,
pparatus

that care
spear is
minal top

size of the hulk material 0230 mm, whichever is the greater. Spear sampling is not suitable for dry bulk material.

16.9.4 Sampling procedure using augers and spears

The procedpre-for sampling using an auger or spear is as follows:

a) take increments from positions spaced as evenly as possible over the surface of the bulk material to be
sampled,;

b) ensure that wet bulk material is not allowed to adhere to the outside of the implement when it is withdrawn,
and that wet bulk material is not left adhering to the inside of the implement when extracting the increment;

c) place the increments into labelled containers as specified in clause 23.
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17 Principles of sample preparation

17.1 General

Sample preparation involves several distinct operations, which are sometimes preceded by drying. These are as

follows:

a) reduction, i.e. to decrease the particle size by crushing, grinding, or pulverization;

b) mixing;

c) divis
These of

As a gen

being sampled mechanically; it is then permissible to divide large primary increments, as‘specified in clg

The stag
retain toq

NOTE 1

NOTE 2
eroded in

17.2 Mi
The proc

a given S
the minin

17.3 Dr

For sam
method f

If the san
stage. In
the redug

Drying m|
until the

For somd

ion, i.e. to decrease the sample mass by dividing the sample into two or more parts.
erations are generally considered to constitute one stage of sample preparation.
eral rule, reduction should always precede division. An exception occurs where.high capacity
bs of sample preparation should be chosen to minimize errors during sample preparation witho
large a mass.
Examples of sample preparation schemes are given in annex E.

All surfaces over which the sample passes should be constructed of abrasion-resistant material whig
such a way as to contaminate the sample.

himum mass of sample to be retained after.division
edure for sample preparation should involve two or more stages. The amount of sample to be

tage depends upon the nominal top size of the bulk material at that stage, and will be in acco
num mass of the gross sample, as determiped by the method given in 9.2.

ying

bles other than those used_forsmoisture determination, the sample may be air-dried or over
pr treatment of moisture samples is specified in clause 20.

ple is wet or sticky, preliminary drying is often the first operation carried out in the first sample
this situation, preliminary drying (also called pre-drying) is necessary so that the sample will p
tion and sample-division equipment freely and without loss or contamination.

ay be carriedout at any stage of sample preparation; e.g. drying prior to pulverization. Drying
sample_is.visibly dry.

b praterials, it is necessary to dry at ambient temperature to avoid changes in the quality charac

streams are
use 10.

ut having to

h will not be

retained at
rdance with

-dried. The

preparation
ass through

s continued

teristic.

Materials that are susceptible to oxidation should be dried in an inert atmosphere, not at an excessive temperature.

No samp

le should be exposed to a temperature exceeding 105 °C.

The following methods may be used for air-drying a sample to ensure that it will pass through mills and sample
dividing equipment freely and without significant loss or contamination.

a) Air-drying oven: Pass heated air, not exceeding 40 °C, over the sample in an air-drying oven. Ensure the
oven is able to make a complete change of air at least three times per hour, but at an air velocity which will not
dislodge the sample from its tray.
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Place the sample in the oven on corrosion-resistant trays and spread it evenly in a layer of uniform thickness to
a depth not exceeding the greater of:

1) twice the nominal top size of the bulk material,

2) 20

mm, except for lumps greater than this size.

b) Drying floor: Ensure that the drying floor is a smooth, clean surface, protected from direct sunshine, rain and

excess

ive breeze.

Spread the bulk material uniformly to a depth not exceeding twice its nominal top size. To aid drying, stir or

rake th
17.4 Redy

17.4.1 Gen

Crushing, ¢
nominal top

The purpos|
during sam

a) Chemi
of 21.2

Itis pe
handlin

1) A

2) Dg
log

b) Moistd
reducti

When
excess
minimi3

When
excess|
weigh
residus

e bulk material periodically, without loss of material.
ction of particle size

eral

rinding or pulverizing apparatus, referred to as “mills” in this part of ISO 11648, are used to re
size of the bulk material to a suitable level for subsequent division.

e for which the sample is to be used will determine whether it is pefrmissible to reduce the pa
ble preparation. The several cases considered are as follows.

Cal analysis sample: The bulk material will invariably requiré size reduction to meet the sped
2. The sample may be reduced as appropriate to facilitate\the operations of division described

missible, when handling samples intended for chemical analysis, to dry the material as receive
g characteristics are improved. When drying is used, observe the following precautions.

0id any contamination, oxidation or physical tess.

not heat the sample to a temperature-at-which combined water or any other volatile compone
t. Do not exceed a maximum temperature of 105 °C for any portion of the sample.

re sample: Do not submit bulkumaterial having a nominal top particle size of less than 10 m
bn prior to moisture determination.

handling bulk material with a nominal top size of greater than 10 mm, and which is not ad
vely wet, the bulk.-material may be reduced in particle size to less than 10 mm, care being
re any change in.moisture level.

vely wet{.the total sample may be weighed and air-dried. When it has dried to a free-flowing
he sample. The sample may then be reduced in particle size prior to division and determ
| m@isture.

duce the

ticle size

ifications

in 17.6.

d so that

nt can be

M to size

hesive or
taken to

handling bulk>material with a nominal top size of greater than 10 mm, and which is adhesive or

state, re-
nation of

When

drying stage.

his procedure is followed, the final moisture value will take Into account the moisture Tost in the air-

c) Physical testing sample: Do not submit the sample to size reduction when samples are to be used for:

1) determination of particle size distribution; or

2) determination of bulk density.

Feed the sample uniformly into mills in such a way as to avoid choking of the mill or changes in mill speed, which
can result in variation in the size distribution of the product.
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Errors of sample division and analysis are increased by the presence of oversize material. Therefore regularly
check mill performance so as to ensure that the mill product meets the required nominal top size.

During preparation of the chemical analysis sample, do not use screening to remove oversize particles for

recrushing. Material which is difficult to crush is usually different in composition from the remainder of the sample
and cannot be satisfactorily mixed back into the sample.

17.4.2 Mills

Particle size reduction mills that may be used for particulate material samples include jaw crushers, roll crushers,

plate mill final stages
of grinding to the required nominal top size. Examples of particle-size reduction equipment are given_ in annex F.
Factors which influence the choice of mill for any stage of sample preparation are the type of crushing action of the
mill and the requirements of the particular testing procedure.

Mills thatjcrush mainly by impact (e.g. hammer mills) or mainly by compression (e.g. jawictushers and roll crushers)
are preferred to those that grind by attrition under pressure (e.g. plate mills).

In the fir$t stage of sample preparation, it may be necessary to break large lumps of material manually to suit the
feed size| of the mill.

Those parts of the apparatus that come into contact with the sample should be made of wear-resistant|material, to
minimize| contamination. This is particularly important with samples i6/which trace elements are to be fletermined,
every effprt being made to use equipment which does not contain any of those elements.

Certain particle-size-reduction apparatus, such as high speed-impact pulverizers, ring mills and plate m|lls, become
heated, $0 avoid keeping samples in them long enough to become affected. If a mill is used for |a series of
samples|cool it between each operation.

High-speed impact pulverizers may be seriously_damaged by the presence of hard extraneous mabterial in the
sample, $o prevent such material from entering.the mill. A magnetic separator may be placed on the clute leading
to the machine to safeguard against the entry.of certain ferrous materials, provided that the bulk material is not
susceptiljle to magnetism.

Although| high-speed pulverizers are-the most efficient for a wide range of materials, they generate dyst owing to
the fan-like effect of the rotating hammers. To avoid loss of fine material, limit the volume of fresh|air passing
through the mill (for example by-using closed inlet or outlet hoppers with or without an air recycle tube,|or by fitting
a breathgr bag to the mill outlet)-

Make sute all mills are easyto clean and are cleaned between each sample.

17.5 Sdmple mixing

17.5.1 General

Errors in sample division can be reduced by thoroughly mixing the sample prior to division. The need for mixing is
particularly important where samples from more than one source are combined. Some methods of mixing, for
example forming and reforming into a conical pile, or some rotary methods of mixing, may have the opposite effect
to that intended, leading to increased segregation. Consequently, the choice of the most appropriate method of
mixing is critical, and depends on the nature of the bulk material.

Except where a moisture sample is to be taken, dry samples that are not free-flowing at a temperature not
exceeding 105 °C before mixing.

Where samples are taken for moisture determination, carry out the mixing as quickly as possible to minimize
changes in moisture content.
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17.5.2 Methods of mixing

Mixing can be carried out using any of the following methods.

a)

b)

Passing the sample through a riffle or rotary sample divider: Pass the sample through a riffle or rotary
sample divider at least three times in succession, and recombine the sample after each pass.

Use of strip mixing: The sample material is formed into a strip by careful distribution of the bulk material from
a shovel. The length-to-width ratio of the strip shall be no less than 10:1. Take a complete cross-section of the
ore strip randomly and spread it out to form a new strip. Take successive cross-sections randomly and spread
them out on top of the preceding cross-section, layer upon layer, until the old strip has been converted into a

new stiiip. Repeat the process of taking cross-sections and reforming a new strip twice.

Use of

c)
17.6 Divig

17.6.1 Gen

Sample div
samples by

Sample div
mass; for e

Material thg
sample as (

Examples ¢

extracting moisture samples, the preferred methods are‘mechanical division (see 17.6.2) or increment div

17.6.3 a)].

17.6.2 Mead

The main a
number of i

The design
mechanical
common in

Examples g

a mechanical mixer: See examples in annex G.
ion
eral

sion may be carried out by a variety of mechanical or manual methods.In all cases, collect th
taking and combining a large number of small increments. The minimum number of increment

sion may be carried out in as many passes as are needed so.as to obtain the required divide
ample, when using a riffle, three passes are required to ohtain a one-eighth fraction.

t is visibly wet may not flow freely, or may adhere to.contact surfaces. In such circumstance
escribed in 17.3 before proceeding to sample divisjan.

f sample division apparatus are illustrated in-@annex H. Where division is performed for the p

hanical sample division

dvantage of mechanical sample-division is that the divided sample is obtained by taking a mu
hcrements than is generally.obtainable manually. The minimum number of increments is 20.

criteria for acceptable_mechanical sample dividers follow the same general design principl
sample cutters (see’/clause 13). Although cross-stream cutters are used, rotary dividers
sample preparation/

f acceptablesniechanical rotary sample dividers are as follows.

Rotati

g cone (Figure H.1): The machine consists of a feed hopper, a low-speed slotted rotating

e divided
5 is 20.
d sample

5, dry the

irpose of
sion [see

ch larger
s as for

are more

cone, a
ing cone

pipe for part of each revolution.

e sample
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Rotary sample divider (Figure H.2): The machine comprises a number of sector-shaped canisters positioned
on a platform, and a feeding device. The uniform bulk material stream flows to the hopper spout and, by
relative rotation of these two components, the flow is intercepted by the top edge of the sector-shaped
canisters, dividing the sample into representative parts.

Rotating chute (Figure H.3): A hollow shaft, to which is attached one or more cutters, rotates in an offset

cone-shaped housing. A feed pipe is positioned above the rotating cutter. As bulk material falls through the
feed pipe, the cutter intersects the stream and diverts an increment through the hollow shaft.
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The procedure for dividing by rotary division is as follows.

a)

b)

c)

d)
e)

f)

Place the sample into the hopper of the rotary divider, ensuring that the opening at the bottom of the hopper is
large enough to prevent bridging.

Ensure that the opening of the segment or cutter lips at any point where it intersects the bulk material stream is
a minimum of three times the nominal top size of the material.

Ensure that the speed of the divider at any point where it intersects the bulk material stream is constant
and < 0,6 m/s.

Activate the cutter prior to commencing the feed of the bulk material.
Allow a minimum of 20 passes of the receiving segment or cutter during the bulk material feed.

Continue rotation of the cutter until the bulk material feed has been completed.

Other types of mechanical sample dividers may be used, provided that they conform to the requirements of this

part of ISO 11648, and do not introduce bias.

17.6.3 Manual sample division

Sample division may be carried out manually using one of the following<procedures.

a)

Increment division, is carried out as follows.

1) [Mix the bulk material thoroughly and spread on a flat'plate in the form of a rectangle of uniform thickness,
as given in Table 5.

Table 5 — Cutter havingutter lips normal to the cutter path

Nominal top Minimum mass of Thickness of
size mm increment flattened sample
kg mm
< 11,2 30to 35
16,0 40 to 50
Masses need to be

224 determined; refer to clause 9. 551065
81,5 80 to 90
45,0 110 to 120

2) Mark asmatrix on the spread sample (see Figure 7) with a minimum of 20 parts.

The matrix should be designed in conjunction with Table 5 to give the total amount of sample [required for
SubSequent analysis. The ratio of the length to the width should never be more than 5.4.

3) Collect one increment of mass given in Table 5 from each part of the matrix with an appropriate flat-
bottomed scoop chosen from the series shown in annex I.

4) Insert a flat bump plate vertically through the spread material until it comes into contact with the mixing
plate. Then insert the scoop to the bottom of the spread material and take the increment by moving the
scoop horizontally until its open end comes into contact with the bump plate, ensuring that all particles of
the material are collected off the top of the mixing plate.

5) Lift the scoop and bump plate together so that material is prevented from falling from the open end of the
scoop by the bump plate.
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6) If the mass of the combined increments is less than that determined in accordance with 17.2, collect
further complete sets of increments, as stated in 3), until the minimum mass is exceeded.

NOTE  This method is regarded as a high-precision method in spite of the large division ratio; i.e. the ratio of the total
sample mass to the retained sample mass. It is a recommended manual method for obtaining moisture samples.

i

a) Spfead the crushed gross sample into a rectangle b) Arrange in 20 equal parts.e.qg. into 5 edudl parts
with g thickness as specified in Table 5. lengthwise and 4 equal parts breadthwisg.

[

AN

c) Take a scoopful of sample at random from each of d) Outline of taking an increment by using a bump
the 20 parts by inserting the scoop to the bottom of plate shown in c).

the sgmple layer and combine the 20 scoopfuls of

sample into a divided sample.

Key
1 Bump plate

NOTE Example for arranginghinto 20 parts.

Figure 7 — Manual increment division

b) Riffling: A rifflelis)a sample divider which is used to divide the bulk material fed onto it into halves, gne being
retainefd and.the other rejected. It operates by allowing the material to fall through a set of parallgl slots of
uniforn} width, adjacent slots feeding opposite containers.

A riffle is symmetrical (so that a part-sample may be taken from either side) and all surfaces on which bulk
material may rest should be inclined at no more than 30° to the vertical. Fit receivers closely against the body
of the riffle, to minimize loss of dust. It is essential that the riffle used is appropriate to the nominal top size of
the material to be divided, as serious errors may be introduced if the slots are too small or if there are too few
slots.

The slot width shall be at least twice the nominal top size of the bulk material. There shall be at least eight
slots for each half of the riffle.
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Carry out the riffling as follows.

1

Mix the material and place it in a feed container.

2) Spread the material in the feed container so as to spread it along the full length of the container.

3) Tip the container to feed the material uniformly into the feed chute, so as to pass the material through the

riffle and collect it in two canisters.

If the material chokes the riffle, clear it before the operation is continued. In this case, air-drying may be
necessary.

4)

If fu
pass

Take care to minimize loss of moisture from a sample when carrying out division using a riffle.

riffle
divid

c) Striy
belt.

1

2)

This

Retain the sample from one of the receiving canisters, chosen at random.

ther subdivision is required, the retained sample may be passed through the riffle again. For|
es, the retained sample should be taken from alternate sides.

5 for dividing moisture samples, or for dry bulk material to prevent loss-of dust. Use gated
ing small sample masses. Examples of riffles are given in annex J.

mixing and splitting: Strip mixing and splitting simulates the sampling of bulk material from
Carry out strip mixing and splitting as follows.

Form the material from a pile into a strip by careful distribution of the material from a showvs
ength of the strip as evenly as possible, working from‘end to end of the strip and from both
strip. The length-to-width ratio of the strip shall be¢no less than 10:1. The general appe:
completed strip is given in Figure 8. The end plates<ensure that size segregation only occurs |

Take the subsample by inserting a suitable sampling frame across the strip and removing
from between the frame using a scoop (kigure 1.1), ensuring that all fine particles are incl
ncrement. Take the number of increments-required (minimum 20).

procedure is not recommended fof obtaining a moisture sample.

successive

Use closed
riffles when

a conveyor

el along the
sides of the
rance of a
erally.

he material
ided in the
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Key
1 Increment
2 Samplind frame

3 End-platgs (“book-ends”)

Figute.8 — Completed strip

d) Fractignal shovelling (see Figure 9):\The procedure for division by fractional shovelling is as follows.
1) Mik the material and form a‘héap on a smooth clean surface.

2) Uding an appropriatesshovel, as described in Figure 1.2, take successive shovelfuls from the base of the
heiap, working aroud’the base.

3) Place each suceessive shovelful on separate successive heaps, the number of heaps being dgtermined
by|the division ratio. For example, if a 1 in 5 division ratio is required, five heaps, N; to Ng are formed as
shpwn in Rigure 9. Ensure that at least 20 shovelfuls are placed on each heap.

4) Sqlectat random the heap to be retained.

This division process may be used for bulk material having a nominal top size up to 45 mm.

This method is not recommended for obtaining a moisture sample.

66 © I1SO 2001 — Al rights reserved


https://standardsiso.com/api/?name=22665886c1ee47de668847f74dfbeea7

ISO 11648-2:2001(E)

18 Pre

Check th
procedur
these prg

19 Bia

19.1 Gg

cision of sample preparation

e precision of sample preparation periodically and whenever a new scheme is brought into ope
s for the determination of precision in sample preparation are given in 1ISO 3085 and 1SO 1

Figure 9 — Sampling by fractional shovelling

cedures may be applied to other bulk materials.

5 in sample preparation

neral

Check t:lue bias in sample preparation periodically and whenever a new scheme is brought intg

Procedu
may be g

es for checking bias in sample preparation are given in ISO 3086 and ISO 13909-8 and these
pplied to other bulk materials.

ration. Test
3909-7 and

operation.
procedures

Contamipation is often a_ major source of bias during sample preparation. Contamination may be at{ributable to

preparati

19.2 Cad

Potential

pn equipment.or, cross-contamination.

ntamination from preparation equipment

causes of contamination from preparation equipment include the following.

a) sieves:

1

2)

brass sieves: copper, lead, tin;

stainless-steel sieves: silver, lead (silver solder sometimes used).

b) Jaw crusher: iron, manganese.

c) Roll

mill: iron, manganese.
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d) Ringg

rinder:

1) tungsten carbide: cobalt, titanium, tungsten, carbon;

2) ch

rome steel: chromium, iron;

3) Colmony: chromium, nickel.

e) Plate grinders: iron, cobalt, chromium, copper, molybdenum, manganese, nickel, vanadium.

f)  Hamm
For items
particulate
more abras
19.3 Crog
Potential cg
a) Dust:
ensurin
hazard
should

b) Sampl
is com
equipni

1) J4
plg

2) Ra
co

be

er mills: manganese, iron, carbon.

) to f) inclusive, the amount of contamination of a sample will increase with the hatdhe
Mmaterial; for item d) or e), contamination will increase with grinding time. Irregular particles
ve.

s-contamination
uses of cross-contamination include the following.

Dust settling on open samples can be a possible cause of contamination. Minimize dust s

be extracted downwards and to the rear. Keep all ducting, machinery and floors clean.

b: This is most notable when an anomalous sample is_prepared followed by a background sa
monly used by geologists to check a laboratory's proeedures. To prevent cross-contamination,
ent used between samples as follows, ensuring thatthe sample has been removed first.

W crushers: Use compressed air between-samples. Ensure that no material is lodged bet

tes or above them. Clean the tray between the samples also with air.

vers to fully exposing rolls and disconnecting rolls from drive. Do not allow the rolls on this m
come too pitted or worn in the gentre. When either of these two conditions occurs, machine the

5s of the
are also

pttling by

g as much work as possible is carried out using a dust extraction 'system. (Silicate dusts arel a health
) If possible, dust escaping from heavy equipment such as jaw ‘crushers, roll mills and platel grinders

mple and
clean all

veen the

[l mill: Clean the roll mill only after turning it off, isolating the machine from power, removing protective

Achine to
rolls.

3) Plate grinder: For flushing™ out the grinder, use material similar to that being ground in th¢ sample

bparation, then clean itwjth compressed air.

mmer mill: Use compressed air. Open the door and clear inside of the door as well. Check th
weatr.

bparatioppand then clean it using either air or a damp cloth.

€ screen

ng grinder ' For flushing out the grinder, use material similar to that being ground in the¢ sample

are not

j CWhere samples require sieving for geochemical work, use only nylon sieves unless the

pré
4) H3
fo

5 Ri
pré

c) Sievin
availal

| ok b Il H Lok ") 'H P 4 HM + H s ol H Y Dy
ITTUIN a Jarucuial SiZc. Ul uTme LHTTIU UT JUSSIDIT CUTTLATTIITTIAUUTT JTUDITTTIS 1T UTTS 15 U1 LAastT.

d) Mercury: Loss of mercury can be caused by drying at greater than 50 °C as well as pulverizing for too long a

period.

68

Prevent ring grinding bowls from getting too hot when working with large humbers of samples.
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20 Preparation of samples for the determination of moisture

20.1 Samples to be tested

20.1.1 Type
The sample to be tested shall be either:

a) asample collected exclusively for the determination of moisture; or

b) a sample on which determinations of moisture and other quality characteristics are required.

20.1.2 Mass
The mags of each moisture sample shall not be less than 1 kg. Recommended masses_of sample$ at various

nominal fop sizes are given in Table 6. Samples of nominal top size greater than 22,4 @ may be supjected to a
two-stag¢ drying procedure, as described in 17.4.1 b).

Table § — Example of recommended minimum mass of sample for the determination of moistufe in ores

Maximum
allowable
Maximum difference
Nominal top layer Minimum betweeén Accuracy of Minimum
size of ore thickness mass supsgquent weighing drying time
weighings of
dried
samples
mm mm kg g g h
63,0 70 110 110 10 16
45,0 50 40 40 4 12
31,5 35 14 14 8
22,4 25 5 5 0,5 6
16,0 20 2 2 0,2 4
11,2 13 1 1 0,1 4

20.2 Prgcautionsagainst loss of moisture

One of the mainzdifficulties in determining moisture is that of minimizing changes in the moisture coptent of the
sample Whenr préparing the moisture sample. Take every precaution to minimize changes in moisture fontent due

to unsuitabile, containers and by evaporation during handling, particularly if the bulk material is extremely wet. Keep
all moistxm'wmmmmmmmmmWraﬂon as

well as during any interval between stages of sample preparation.

Take care to minimize changes in moisture content during particle size reduction, by using equipment in which
there is no appreciable heating, and by reducing the amount of air passing through the mill to a minimum.

Take care to minimize changes in moisture content when carrying out sample division; carry out such operations as
quickly as possible. In some circumstances, it may be necessary to carry out moisture determinations on each
increment, to minimize moisture changes (see annex E).

Where moisture samples are to be retained for any length of time; for example for more than five to seven days in

the case of umpire and shipping samples, place them into moisture-impervious plastic bags which are sealed so as
to minimize free air space. Then store them in an airtight container.
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20.3 Samples for determination of moisture

Moisture in bulk material may be determined by heating a sample of material at 105 °C in air until constant mass is
achieved.

Preparation of the sample may include preliminary air-drying (see 17.3) if the material is visibly wet.

20.4 Sample preparation procedure

20.4.1 General

procedure is specified for preparation of samples for determination of moisture, either fromthe
om the moisture sample. This standard procedure is shown schematically in Figure E.1:

drying methods
ir-drying the moisture sample
Lre is as follows.

the container and material test portion before opening the container(as received) (m).
A clean, dry drying tray (mp).

br the material to the drying tray and spread evenly to a depth not exceeding those given in
for lumps greater than this depth.

the drying tray plus material together with theccontainer and lid (if any) plus any adhering pa

).

f the dry container plus lid plus drying tray plus dried material, mg.
but any material adhering ta'the container and weigh the dry container plus lid to the nearest gr
te the percentage loss_of moisture on air-drying, wy,, from the following equation:

h + My — M3 .00
my —my

is)the air-dried moisture content, expressed in percent, of the test portion;

common

Table 6,

wrticles of

|l (see 17.3), until the change in mass is less than 0,1 % of the initial mass of the test poftion (see

he masses of consecutive weighings-agree within 0,1 % of the mass of the test portion, r¢cord the

am, my.

(56)

A standard
sample or f
20.4.2 Air-
20.4.2.1 A
The proced
a) Weigh
b) Weigh
c) Transfe
except
d) Air-dry
materig
Table ¢
e) When
mass d
f)  Brush
g) Calculs
f
Wy, =
where
Wm
m
m
mg
my

is the total mass, expressed in kilograms (four decimal places), of the container, its lid and the test

portion;

is the mass, expressed in kilograms (four decimal places), of the drying tray;

is the total mass, expressed in kilograms (four decimal places), of the dry container, its lid, the drying

tray and the dried test portion;

is the mass, expressed in kilograms (four decimal places), of the dry, empty container;

Further treatment of the air-dried material is described in 20.4.3.
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Extraction and air-drying of the moisture sample from a common sample

Carry out the following procedure.

a) Tip all of the sample onto a clean, steel plate and arrange the sample to form a rectangle.

b) Extract a minimum of 20 increments by increment division (see Figure 7), the mass of individual increments
depending on nominal top size of material. As an example, recommended minimum masses for a range of
nominal ore top sizes are shown in Table 6. Similar tables need to be developed from duplicate determinations
for bulk materials other than mineral ores.

c) Rep

d Use

bat the process of extracting increments if reserve samples are required.

the residue of the common sample remaining after extraction of the moisture samples for-pref

gengral analysis sample.

e) Air-g
com

20.4.3 P

ry the moisture sample using the procedure given in 20.4.2.1 immediately after its extracti
mon sample.

article size reduction and division of the air-dried sample

Reduce ahe air-dried sample of bulk material without delay to a nominal top size of 22,4 mm, avoiding p

excess
approxim
used.

Place on
the percq

21 Pre

21.1 Gs¢

The prog
annex E.
represen

21.2 Pr

2121 F

If necess
it, then d

nes. Divide the crushed sample, preferably by using suitable mechanical equipment, to
ately 5 kg. If mechanical sample division apparatus is not available, increment division or riff

b of the divided moisture samples in a sealed containét] which is labelled with details of the sa
ntage of moisture lost by air-drying.

paration of samples for chemical‘analysis

neral
edure for preparation of thesghemical analysis sample is described in 21.2 and shown sche

The moisture sample may.'be used as the chemical analysis sample after drying, provided it i
ative.

bcedure

rst stage inthe preparation

hry, thessample may be dried in accordance with 17.3. Pass the whole sample through the mill (s€
vide(it{(see 17.6) to decrease the mass to the value appropriate to the nominal top size of the ¢

material

aration of a

bn from the

roduction of
a mass of
ing may be

mple and of

matically in
5 sufficiently

e 17.4), mix
rushed bulk

see)17.2).

21.2.2 Further stages in the preparation

In the further stages of preparation, reduce the particle size of the portion retained from the first stage to the required
nominal top size for analysis (see 17.4), then divide it to obtain as many samples as contractually required, each having
a recommended mass of no less than 50 g.

Then place the chemical analysis sample in a sealed container and label it with all necessary identification details.
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22 Preparation of samples for physical testing

22.1 General

The procedure for preparation of samples for physical testing to measure particle size distribution or bulk density is
described in 22.2. The moisture sample may be used for the determination of patrticle distribution or for determination of
the bulk density of oven-dried material after drying, provided it is sufficiently representative.

Where it is necessary to determine the bulk density of as-received material, collect a sample exclusively for this
purpose, taking account of precautions given in 20.2. If the determination of the bulk density of air-dried material is

required, algo—cottect-a—sampte—exciusivety-forthispurposebutnoprecattions-togtard—againsttoss—of moisture by

evaporation|are necessary.

Do not submit the sample to particle size reduction during any stage of preparation in which particle.size distijibution or
bulk densitylis to be determined.

Table 6 givgs example values for minimum masses of mineral ore samples which can be used for physical ftesting of

ores. HoweYer, they should only be regarded as indicative for other materials and therefore should only be bised with
caution.

22.2 Procledure

22.2.1 Preparation of sample for particle size distribution of ores

Consideratipn should be given to the characteristics of the ore when déciding the appropriate procedure for prieparation
of samples o be used for particle size distribution. Two types of ore@re recognized as follows.

a) Type A: In this type, the ore contains a fine fractionthigh in clay minerals which consolidate oh drying.
Consoljdation of this type of fraction may render it very difficult to obtain a true determination of patticle size
distribdtion of the fine portion of the ore, even when the ore is rewetted in an effort to redisperse the fines.
When fealing with Type A ore, the samples_faken in accordance with this part of 1ISO 11648 are protected
from mfoisture evaporation in a manner simijlar to that described in 20.2. Wet screening is used for thjs type of
ore;

b) Type B: Type B does not contain_any fine fractions high in clay minerals. Type B ores may be|dried by

exposyre to the atmosphere or by the use of an oven. When testing type B material for the determ|nation of
particld size distribution, the-sample previously used for determination of moisture can be used.

22.2.2 Preparation of sample for bulk density determination
Three case$ where bulk density determination may be required are as follows:

a) materigl assreCeived at natural moisture content;

b) air-driecmateriat;
c) oven-dried material.
When the determination is to be made on as-received material [case a)], the sample is given the same protection as
the moisture sample described in 20.2. For cases b) and c), such protection is unnecessary and, where appropriate,
the sample used for determination of moisture content may be used for the determination of bulk density. Multiple use
of samples for physical tests is not recommended because of the potential for contamination and degradation.

23 Precision and bias of measurement

Precision and bias at the measurement stage are to be assessed in accordance with ISO 5725 (Parts 1, 2, 3, 4, and 6)
and with the Guide to the expression of uncertainty in measurement.

72 © I1SO 2001 — Al rights reserved


https://standardsiso.com/api/?name=22665886c1ee47de668847f74dfbeea7

ISO 11648-2:2001(E)

24 Packing and marking of samples

The samples for distribution shall be tightly sealed in air-tight containers. The label, and a card placed in the container,
shall contain the following particulars:

a)
b)
c)
d)
e)
f)
9)
h)

the type of bulk material and the name of the lot (e.g. name of ship, train);

the mass of the lot and/or the sampling unit;

the sample number;

the
the
the g
the g

any
take

lace and the date of sampling;

hoisture content of the lot and/or the sampling unit (if known);
lace and the date of sample preparation;

article size of the sample;

other consideration (if necessary), for example the special purpose. 6fithe test for which th
N, such as the bias test or the particle size analysis.

b sample is
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Examples of variance calculations

A.1 General

Annexe A
(informative)

This annex [contains examples of variographic experiments which were conducted to determine the minimun

of cuts for d|vision and their minimum masses.

A.2 Calcplation of a sample variogram

N number

The data in[Table A.1 are the percentages of iron in samples of ore taken by stratified systematic sampling on a mass-

plotted in

basis at 2 8P0 tonne intervals during loading of a 40 x 2 800 (= 112 000) tonne lot of iron ore. These data are
Figure A.1.
Table A.1 — Percentage of iron in samples.of iron ore
Sgmple E/f Sample E/(: Sample E/f Sample E/(:
1 65,01 11 65,58 21 65,29 31 65,29
2 64,71 12 66,08 22 64,97 32 65,17
3 65,47 13 65,46 23 64,65 33 65,02
4 65,51 14 65,03 24 65,20 34 65,12
5 65,45 15 64/18 25 64,89 35 64,80
6 65,03 16 64,58 26 65,11 36 65,16
7 65,32 17 65,24 27 65,14 37 65,19
8 64,91 18 65,08 28 64,92 38 65,11
9 65,78 19 65,29 29 64,90 39 64,94
10 65,61 20 65,16 30 65,23 40 65,26

The samplg variogram is-calculated from these values using equation (5). For example, since there are 39
the sum, cqrresponding;to the 39 pairs of samples separated by 2 800 tonnes, the variogram value whe

Am (Am = 2[800 tonnes) is:

39
Y (w1 =)’

terms in
nlag tis

—i=1
Verp(Am)= (2 x 39)

= [(64,71 - 65,01)2 + (65,47 —[1 64,71)2 + (65,51 — 65,47)2 + ... + (65,26 — 64,94)2]/(2 x 39)

=0,068 6
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Similarly, since there are 38 pairs of samples when the lag t is 2Am (5 600 tonnes), the variogram value is :

Vexp(ZAm = i=

38
2 (Xis2 = Xi )?
1

2 x 38)

= [(65,47 — 65,01)2 + (65,51 — 64,71)2 + (65,45 — 65,47)2 +...+ (65,26 — 65,11)2]/(2 x 38)

=01

021

The varig
lags are

A.3 Cdlculating a fitted linear variogram

The variq
determin
first few
straight |
standard

The valu
fitted ling]

Aexp
B

A.4 Cq

A total of
sampling

jiven in Table A.2.

es of the intercept Aeyp (the value-of the fitted line at a lag of zero) and the slope B (the inc

8,92 x 10-6 tonnes-=X

gram values for lags 3Am, 4Am, ..., nAm can be calculated similarly. The values for the first.1

Table A.2 — Sample variogram values

D increment

Lag increments k= 1 2 3 4 5
Lag (tonnes) kAm = 2800 5 600 8 400 11 200 14 000
Variogram value Vexp = 0,068 6 0,102 1 0,133 4 0;1415 0,131 2
Lag increments k= 6 7 8 9 10
Lag (tonnes) kAm = 16 800 19 600 22 400 25 200 28 000
Variogram value Vexp = 0,124 3 0,098 2 01025 0,112 2 0,1325

gram values calculated in the above example are plotted in Figure A.2. To make use of thes

linear regression as shown in Figure Ax2.

per unit increase in the lag) are.as follows:

=0,0490

Iculation'ef sampling variance for a single stage given a fitted variogram

70 samples has been taken from a lot of 35 000 tonnes of copper concentrate using systematic|
with\a'separation of 500 tonnes between samples. The sample values are given in Table A.3.

e values to

b the sampling error, it is necessary to fit a straight line to these points. The line should be fitted only to the
balues of the variogram, the number of points being chosen to ensure that the points used li
ne. In this case, the first four points are close to a line, so lags up to four are used for fitting th

b close to a
e line using

ease in the

mass-basis

© ISO 2001 - All rights reserved

75


https://standardsiso.com/api/?name=22665886c1ee47de668847f74dfbeea7

ISO 11648-2:2001(E)

Table A.3 — Percentage of copper in samples of copper concentrate

Sample COZ/:)J Sample %/tj Sample COZ/:)J Sample %/tj Sample %/tj
1 30,3 15 30,3 29 30,1 43 30,3 57 30,3
2 30,3 16 30,3 30 30,2 44 30,3 58 30,3
3 30,5 17 30,4 31 30,2 45 29,9 59 29,9
4 30,5 18 30,5 32 30,0 46 30,1 60 30,1
5 30,2 19 30,3 33 30,2 47 29,9 61 29,8
6 30,2 20 30,3 34 29,8 48 30,1 62 30,7
8 30,3 22 30,2 36 30,0 50 30,3 64 30,8
9 30,4 23 30,3 37 30,0 51 30,3 65 31,3

10 30,2 24 30,2 38 29,8 52 30,2 66 30,9
11 30,2 25 30,3 39 29,7 53 30,4 67 31,0
12 30,4 26 30,1 40 30,0 54 30,4 68 31,1
13 30,3 27 30,3 41 29,9 55 30,1 69 31,3
14 30,2 28 30,2 42 29,9 56 30,1 70 31,2

The fitted lipear variogram for the percentage of copper can be calculated as in. A:2 and A.3. Fitting a str

to the first gight points gives the following values for the intercept and slope:

Aexp = P,010 8

B=1,766 x 10-5 tonnes-1

Assuming that the preparation and measurement error variance SI%M is 0,005 O (corresponding to a standarg

a single deIrmination of 0,07 % copper), the corrected variogram intercept is thus:

Acor =
=0,00% 8

Using equation (7) appropriate to stratifiedisystematic sampling, the sampling variance for this stage of sg

therefore:

S
S N 6n?

2— é&_,_ B-miot

0108 -1 0,005 0

70

=0,000104

6 x 702

0, )058+1,766 %107° x 35000

pight line

error for

mpling is

Hence:

ss = 0,010

so that the standard error of the mean is 0,01 % copper.
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The increment variance method can also be used to determine the standard error of the mean. The value of the
sample variance s,zunc of the values in Table A.3 is given by:

=0,123

Correcting for the preparation and measurement variance of 0,005 0, the sampling variance is given by:

SRR

=—(Sfunc — S

Sg n lunc PM
1

=—} (0,123 - 0,005 0)
70

=0,p0169

Hence:
sg 50,041

The stanfard error obtained from the increment variance method is.thds 0,04 % copper; i.e. four times tpo large.

A.5 Calculation of number of increments for a:Sihgle sampling stage

A lot of B0 000 tonnes of copper concentrate, similar .to“that described in A.4, is to be sampled using systematic
sampling|and taking the same increment mass as before. A primary stage sampling variance of 0,000 3|is required.
Using equation (29), the number of increments required is:

2
A‘cor"'\/'a\gor"'aB'mlot‘sé

2 s%

(,005 8 + \/0,005 82k % x1,766 x 107 x 30000 x 0,000 3

2 x 0,000 3

=204

Thus, 30|increments should be taken.

Had the mcrementvarance method—beemrusedto ulb'bigll the bdlllpiillg scheme,themumberof increrents  taken
would have been:
2 2
- Siunc ~ SPM
Ss

n
_ 0118
0,000 3

=393

Thus, far more increments than are really necessary would have been taken.
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61 -

Iron content (% by mass)

: PNV

63 | | |
0 40 000 80 000 1200 000

Mass\(tonnes)

Figure A.1 — Iron content of 40 ore samplés
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Key
1 Linear fit
2 Sample variogram

NOTE Linear fit to variogram points at first four lags

Figure A.2 — Sample variogram and linear fit
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Annexe B
(informative)

Mechanical sampling implements

neral

This anngex describes cutters suitable for the mechanical sampling of bulk material from moving streams.

B.2 Types of mechanical sample cutters

Various
general
hold the

belt sample cutter.

Key

1 Radi
2 Lineg
3 Pivot

pes of power-operated mechanical sample cutters are available commercially: These usually
pes, namely diverter cutters which divert the increment by gravity, and bucket cutters which
ncrement. The principles of these types are illustrated in Figures B.1 and™B.2. Figure B.3 sho

Al

point
a) In-line diverter chutes

fall into two
collect and
WS a Cross-
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Key
1 Radial
2 Linear

3 Pivot point
b) Reverse spoon diverter chutes

\

c) Moving hopper d) Fixed cutter
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e) Slotted belt

f)  Rotary cone

AR
A
\
A\
A\ N\

9)

0

AN
\

Vezin
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Sf v T éﬁ/ /5-/'/
//’/ 1T -

c) Swing-arm bucket d) Ramp-path bucket

e) Chain bucket

Figure B.2 — Bucket cutters
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