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PREFACE

This Standard was prepared by the Standards Australia Committee MN-003, Aluminium Ores, to
supersede AS 2806.5—1994, Aluminium ores—Sampling, Part 5: Methods for checking the precision
of sampling.

The objective of this Standard 1s to provide the aluminium ores industries with experimental
procedures for checking the precision of sampling of aluminium ores.

This Standard 1s identical with and has been reproduced from ISO 10277:1995, Aluminium ores—
Experimental methods for checking the precision of sampling.

As this Standard is reproduced from an International Standard, the following applies:

(a) Its number does not appear on each page of text and its 1dentity 1s shown only on the cover and
title page.

(b) In the source text ‘this International Standard’ should read ‘this Australian Standard’.

(c) A full point should be substituted for a comma when referring to a decimal marker.

References to International Standards should be replaced by references to equivalent Australian
Standards, as follows:

Reference to International Standard Australian Standard

ISO AS

6139 Aluminium ores—Experimental 2806 Aluminium ores—Sampling
determination of the heterogeneity of 2806.7 Part 7: Determination of quality
distribution of a lot variation

6140 Aluminium ores—Preparation of 2806.3 Part 3: Preparation of samples
samples

8685 Aluminium ores—Sampling 2806.1 Part 1: Sampling procedures
procedures

The term “informative’ has been used in this Standard to define the application of the annex to which
it applies. An “informative” annex 1s only for information and guidance.
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AUSTRALIAN STANDARD

Aluminium ores—Sampling

Part 5:

Methods for checking the precision of sampling

1 Scope

This International Standard specifies the experimental
methods to be applied for checking the precision of
sampling of aluminium ores. expressed in terms of
the standard deviation, being carried out in accord-
ance wilh the melhods presciibed i 1ISO 8685.

NOTE 1 These methods may also be applied for the pur-
pose of checking the precision of preparation of samples
being carmed out in accordance with the methods pre-

scribed in 1SO 6140.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 10277. At the time of publication,
the editions indicated were valid. All standards are
subject to revision, and parties 10 agreements based
on this part of ISO 10277 are encouraged to investi-
tions of the standards indicated below. Members of
IEC and ISO maintain registers of currently valid
International Standards.

1SO 6139:1993, Aluminium ores — Experimental de-
termination of the heterogeneity of distribution of a
lot

www.standards.com.au

ISO 6140:1991, Aluminium ores — Preparation of
samples.

ISO 8685:1992, Aluminium ores — Sampling pro-
cedures.

3 Symbols

The following symbols are used throughout this
International Standard:

d, factor to estimate the standard deviation from
the range (d, = 1,128 for a pair ot determi-
nations)

n number of increments

R, absolute difference between determinations on
subsample A and subsample B

R, mean absolute difference between determi-
nations on subsamples A and B for n, sampling
units

R, absolute difference between determinations on
divided subsamples B, and B,

9

mean absolute difference between determi-
nations on divided subsamples B, and B, for n,
sampling units

R absolute difference between determinations on
the same divided subsample B,
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Ry mcan absolutc diffecrence between determi-
nations on the same divided subsample B, for
n, sampling units

X subsample values

X mean value of a quality characteristic

x,  determination on subsample A

X,  determination on subsample B

x;  determination on divided subsample B,

x, delermination on divided subsample B,

x,  value of non-reference member of ith pair
x;  value of reference member of ith pair

oc  Standard deviation of sampling

g  estimated value of ¢

o estimated standard deviation of measurement

op estimated standard deviation of sample prep-
aration

opy ©Stimated standard deviation of sample prep-
aration and measurement

og estimated standard deviation of sampling

7<pn ©Stimated overall standard deviation of sampling,
sample preparation and measurement

4 General conditions

4.1 General

The determination of precision of sampling is based
on duplicate sampling from lots. If sample preparation
and analysis is also carried out in duplicate, it is
possible to determine the errors associated with
those parameters in addition to the errors due to
sampling.

4.2 Number of lots for the experiment

In order to reach a reliable conclusion, it is rec-
ommended that the experiment be carried out on
more than 20 lots of the same type of aluminium ore.
However, If this i1s inpracticable, at least 10 lots
should be covered and each lot shall be divided into

www.standards.com.au

several parts to produce more than 20 parts for the
experiment. The experiment shall be carried out on
cach part, considering ecach part as a separate lot in
accordance with ISO 8685.

4.3 Number of increments and number of
gross samples

The minimum number of increments reguired for the
experiment shall be twice the number specified in
ISO 8685. Thus, if the number of increments required
for the routine sampling is n and one gross sample is
constituted, the minimum number of increments re-
quired for the experiments shall be 2n and two gross
samples shall be constituted.

NOTE 2 If this is impracticable., »n increments may be
taken and divided into two parts, each comprsing nf2 in-
crements.

4.4 Sample preparation and testing

The preparation of samples shall be in accordance
with 1SO 6140 and the testing of samples shall be
carried out in accordance with the methods pre-
scribed in the relevant International Standards.

4.5 Replication of experiment

It 1Is recommended that, even after a series of exper-
iments has been conducted, the experiments should
bc repeated at regular intervals and when there is a
change in ore quality. The experiment should also be
repeated when there is a change in equipment or of
ore supplier.

Because of the large amount of work involved in this
method, it is recommended that the procedure should
be carried out as a part of routine work of sampling
and measurcment.

5 Experimental

5.1 Duplicate samples

Fach alternate primary increment is set aside in order
to form gross samples A and B. [he number of div-
ided increments per primary increment is the same
as that taken fer routine sampling. An example of a
sampling plan for gross samples A and B is shown in
figure 1.
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Figure 1 — Example of a plan of duplicate sampling

5.2 Sample division and testing

The two gross samples A and B taken in accordance
with 5.1 shall be divided separately and subjected to
either type 1, type 2 or type 3 testing as described in
5.2.1, 5.2.2 or 5.2.3 respectively.

5.2.1 Division-testing type 1 (see fiyuie 2)

5.2.1.1 The two gross samples A and B shall be
divided separately to prepare two final samples.

5.2.1.2 The four final samples A,, A, and B;, B, shall
each be tested in duplicate. A total of eight tests shall
be run in random order.

NOTE 3 In type 1 testing, the standard deviations of
sampling, preparation and measurement are obtained
separately.

www.standards.com.au

5.2.2 Division-testing type 2 (see figure 3)

©.2.2.1 The gross sample A shall be divided to pre-
pare two final samples, A, and A,, and from the gross
sample B, one final sample shall be prepared.

5.2.2.2 The lnal sampie A, shall be tested in dupli-
cate and the other final samples A, and B shall be
tested individually.

NOTE4 In type 2 testing, the standard deviations of
sampling, preparation and measurement are obtainable
separately. However, the precision for estimating the stan-
dard deviations of sampling, preparation and measurement
will be lower than thal allainable in type 1 1esting.
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Figure 2 — Flowsheet for division-testing type 1

Lot

|

Gross sample A

|

Gross sample B
I

l

B (Test samples)

Xy (Measuremenl)

Figure 3 — Flowsheet for division-testing type 2

5.2.3 Division-testing type 3 (see figure 4)

5.2.3.1 From each of the two gross samples A and
B, one final sample shall be prepared.

www.standards.com.au

5.23.2 The two final samples A and B shall be
tested individually.

NOTE 5 In type 3 testing, only the overall standard devi-

ation of sampling, preparation and measurement 18 ob-
tained.
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Figure 4 — Flowsheet for division-testing type 3

The procedure for the analysis of experimental data
shall be as specitied iIn 6.1 to 6.3 or in annex A for the
type of dwision-testing selected. A procedure for
treating data containing rogue results is included In
the procedure (see example clause 7). When the data
do not contain rogue values, the method in annex A
may be used.

6.1 Division-testing type 1 (see figure 2 and
sheet 2)

The estimated values of approximately 95 % prob-
ability standard deviation (hereinaller referred Lo sim-
ply as standard deviation) of sampling, preparation and
measurement shall be calculated in accordance with
the procedure given below:

a) Denote the pair of four measurements (such as
ALLO; as a percentage by mass) of a pair of two

duplicate samples, prepared from the two gross

camnlee A and B a8 »v... v... v... v... and r...
EmmsAEpmreE T o omrEE TR OTT ORI OCTTHNLY OCTTHNLIY CTVNEL T O"TEL

X212 X221, Y222

b) Calculate the mean and the range for each pair of
duplicale measurements.

- 1

Xij. = 9 ('r;'_j‘l. J I:‘;E) ... (1)
Ry = by — Xl (D)
where

i=1and 2, stands for gross samples A
and B respectively;

j=1and 2, stands for final samples A,. B,
and A,, B, respectively,

www.standards.com.au

c} Calrulate the mean and the range for each nair nf
duplicate samples:

E‘=%ﬁ}1+e¥n) N S)

R2=|I;'1_I}'?| ~--(‘-'1)

d) Calculate the mean and Lthe range for each pair of
gross samples, A and B:

X 2% (%, +%) .. (5)
Ry= X —X, | ()

e) Calculate-_ th_e uve&ail mean and the mean of
ranges (R,. R, and R,):

f:% X )
Ri=7- > R )
Ez=%zﬂz ..(9)
E:.,:% R, . (10)

where k 15 the number of lots.

Calculate the control limits to construct the control
charts for means and ranges.

Control limits for x-chart:

I+ AR, X+ AR, I+AR, (1)
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Upper control limit for R-chart:
D,R, (for R|), D,R, (for R,),

DR, (for Ry) (1D

where A, = 1.880 and D, = 3.267 (for a pair of
measurements). (See clause 8.)

‘;‘ I I :ﬁ ﬁ"‘ mﬂﬂﬂi Nl o Nalal
L] L) |

ﬂ.ﬂlﬂ.l lIﬁ.
TISQaUull S, ‘eadn.uig
'F N (BT =l aWal o

=
o

i~ M Y iale ~F falm)

L "I'UITUII'U‘E L | MiIGQauWll SN 1L

oy = (Ry/dy)° ... (13)

3 = (Roldy)? - - (Ryldy)? . (14)

5% = (Raldy)” — = (Roldy)” .. (15)

where 1/d, = 0,886 (for a pair of measurements).
(See clause 8.)

NOTE & When n increments are taken and divided
into two parts in accordance with note 2 in 4.3, the
value of EE in equation {15) shall be divided by 2 to
compare with the specified variance (o<)’. The com-
parison described in step h) below will be made using
the value thus obtained.

g} Calculate the estimated values of standard devi-
ation of measurement {EML preparation {Ep} and
sampling {33}.

V' T Aare
!

2
=i
T
=4
1>
*
}_

1 uunuﬁﬂru ||G 'H'JE I'lulc U'S Ll ILIS G Eil IE I II'E-
desired standard deviation of sampling (og) a3
given in ISO 8686

6.2 Division testing type 2 (see figure 3)

The estimated values of standard deviation shall be
calculated in accordance with the following pro-
cedure:

a) Denote the four measurements as follows:

Xy, X0 pair of duplicate measurements of a
tinal sample A, prepared from gross
sample A;

Xy’ single measurement of a final sample
A, prepared from a gross sample A;

Xy single measurement of a final sample
B prepared from gross sample B.

b) Calculate the mean and the range for each pair of
duplicate measurements:

(.Il '1'.-1'2) .- (16}

X =

1
2

www.standards.com.au

R, = |xy — x| (7

c) Calculate the mean and the range for each selec-
ted pair of measurements, x; and x,, or x, and xs,
selected at random:;

= 2 (51 + %) ar%(ﬁu&) .. (18)
)

i1
- !

d) Calculatc the mean and the range for each pair of
gross samples, A and B, sclected at random:

f=?f +x4) {:i + x4) or
- (3 +xy) .. (20)

Ry =[xy = Xx4l, P, = xgl OF g — x4 ... (21)

e) Calcuiate_ the uve_r_'_all mean and the mean of
ranges (R,. R, and Rx):

§=%ZE . .(22)

5 1

R, -TZR'I ... (23)
E2=%ZR2 ... (24)
= 1 T ,
2= 2K L (2b)

where k is the number of Ints

Calculate the control limits to construct the control
charts for mean and ranges.

Control limits for ¥-chart:

X £ ARy, X + AR, ¥ + AR, ... (26)

Upper control limit for R-chart:
DyR,, D4R, DR, 2D

where A, =1,880 and D,=3267 (for a par of
measurements). (See clause 8.)

f) Using the ranges, calculate the estimaled Ud|UE‘b
of variance of measurement (0 M} preparation {ﬂ'p}
and sampling (53):

o0 = (Ryldy)? ... (28)

o0 = (Ryldy)® — (Ry/dy)* .. .(29)
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o5 = (Rs)d,)* — (R,)d,)* .. (30)
where 1/d, = 0,886 (for a pair of measurements).
(See clause 8 and note 6 in 6.1))

gl Calculate the estimated values of standard devi-
ation of measurement (g,,). preparation (6p) and
sampling (d).

h) Compare the value of &5 thus obtained with the
desired standard deviation of sampling (og) as
given in ISO 8685.

6.3 Division testing type 3 (see figure 4)

In this case the estimated values ot standard dewviation
of sampling, preparation and measurement are not
ohtainable separately. lype 3 testing gives the overall

standard deviation (agpp):
62, — 60 + 6L + 64, .31

The estimated value of overall standard deviation shall
be calculated in accordance with the tollowing pro-

cedure:

a) Calculate the mean and the range for each pair of
measurements:

E=;{.¥1f.¥2] ...(32}

R = |x —x - (33)

where x,, x, are the measurements of final sam-
ples A and B, respectively.

h) Calculate the overall mean and the mean of the
range:

=49z (34

... (3B)

where k 1s the number of lots.

¢} Calculate the control limits to construct control
charts for mean and range.

Control limit for x-chart:

x + AR ... (36)
Upper control limit for R-chart:
DR .- (37)
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where A, = 1,880 and D, = 3,267 (for a pair of
measurements). (See clause 8.)

d) Calculate the estimated values of overall variance
{EEPM}:

o5om = (RIdy)* .. (39)
e) Calculate the estimated value of uverall standard
deviation (Geppy).

7 Interpretation of results and action

7.1 Interpretation

7.1.1 Data containing no rogue results

When all of the values of R,, R, and R, calculated in
accordance with 6.1 and 6.2 are within the upper
control limit of the R-chart constructed in accordance
with 6.1 &) and 6.2 ), it Is an indication that the rou-
tine processes of sampling, dvision and measure-
ment of samples are under control

When all of the values of R calculated in accordance
with 6.3 are within the upper control limit of the
R-chart constructed in accordance with 6.3 ¢}, it is an
indication that the overall process of sampling, divi-
sion and measurement i1s under control.

On the other hand, when any of the values uf Ry, R,,
R,, calculated in accordance with 6.1 and 6.2 and R,
calculated in accordance with 6.3, fall outside the re-
spective upper control limit, the process (such as
sampling, preparation, or measurement) under inves-
tigation is not under control, and should be checked
in order to detect assignable causes.

7.1.2 Data containing rogue results

When a greater number of the values of x; or x,_cal-
culated in accordance with 6.1, x or x calculated in
accordance with 6.7 or ¥ calculated in accordance
with 6.3, 1S outside the control limits of the corre-
sponding x-chart, it is an indication that the standard
deviation of measurement or standard deviation of
preparation Is reasonably sufficient.

When most of the values of x calculated in accord-
ance with 6.1 and 6.2 or X calculated in accordance
with 6.3 are within the control limits of the corre-
sponding x-chart, the standard deviation of sampling
IS Insufficient, and the vanation in quality character-
Istics of the lots under experiment could not be de-
tected. Under such circumstances, the methods of
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sampling, preparation and measurement shall be re-
viewed for modification (see 7.2).

NOTE 7 These tests are necessary to ensure that the
standard deviation of measurement or standard deviation
of preparation are sufficient 1o enable the other components
of error to be identified.

1.2 Action

When there is an indication that the standard devi-
ation does not attain the desired value, the sampling
procedure may be modified as follows:

a) Check the changes in heterogeneity of distribution
of thc aluminium orc in accordance with the
method given in ISO 6139, If it is confirmed that
there is a significant change in heterogeoncity of
distribution of the aluminium ore in question, the
number of increments taken from a lot shall be
revised accordingly.

In the case of systematic or stratified random
sampling when a greater number (denoted by n,)
of increments is collected from a lot, the standard
deviation of sampling is improved in proportion to

niny .
b} Increase the mass of increment. There is, how-
ever, a limit above which increasing the sample

mass will not eftect a signiticant improvement of
the standard deviation of sampling.

8 Experimental example

The following expenmental example is based on per-
iodic, systematic sampling by division-testing type 1,
and conducted by a consumer of aluminium ores. The

www.standards.com.au

experimental results are summarized in sheets 1 and
2, and in figure 5.

Sheet 1 shows details of the experiment and analysis
results of alumina (ALLO;) determinations.

Sheet 2 shows the Al,O, content and the process of
calculation of oy, 0p and A,

Figure 5 shows the control charts for the mean and
the range for x, x, x and R,, R,, R,.

In order to avoid errors and omissions, and for future
reference, it may be convenient to keep detailed rec

ords of experiments in a standardized form such as
that used in the example shown.

The number of cases where points of data are situ-
ated outside the 3-sigma control limits are recorded
in the bottor space of sheet 2, and the corresponding
data in the body of thc sheet are identified by aster-
isks (see 7.1).

The values of estimaled standard deviation of
measurement, preparation and sampling of this ex-
ample are as foliows:
Standard deviation of mecasurement;
Slandard deviation of preparation:;
Sp = 0,1? [% (Fﬂ!fﬂ) ﬂ'f A|203]
Standard deviation of sampling:

oc = 0,23 [% (m/m) of Al,O4]

Of the three, 0c is the greatest.
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Sheet 1 — Example of recording experimental details

[Name of Company and Works]

Report of checking the precision of sampling

Date of experiment:
Site of experiment:
Characteristic measured:  Alumina content as a percentage by mass

Lots investigated

Source and type of ore:

Loading pomt: .

Means of transportation:  Ship

Number of lots: 20

Mass of lots: Mean 9 920 t; minimum 7 000 t; maximum 13 000 t

Sampling details

Maximum particle size of lots: 110 mm

Type ol mcreiment. Unil mass ol ore on belt conveyor; for its full cross-section over a certain length of flow
Nominal mass of increment: 25 kg

Number of increments: Stop belt conveyor at specified tonnage intervals of ore discharge, and collect all ore
with a shovel on the belt at the specified location to obtain a 25 kg increment

Preparation of samples

Method of constituting gross samples: Place alternately individual increments taken successively in conlainers
A and B, and constitute gross samples A and B, each comprising 50 increments.

Mass of gross samples' Mean 1 750 ka: minimum 1 220 ka: maximum 1 285 ka
Type of dividing of gross samples: Division-testing type 1 (duplicate samples)
Mesurements of Al,O5 [Y% (m/m)]

Statistic Experimental results Commercial determination Found at loading point
Mean 51,10 —- —
Minimum 49,90 — —
Maximum 53,02 — —
Estimated precision of sampling [% (m/m) of Al,O;]

oy = 0,077 Geon = 0.29

gy = 0,17

g = 0,23

COMIMNIENTS BN TIMIATK . e e

DAt i Reported DY ..o
[Name of supervisor of experiment]

www.standards.com.au © Standards Australia
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Annex A
(normative)

Alternative method for analysis of experimental data

When the data do not contain rogue values (see

Ry=1x, —x, |

... (A.6)

7.1.1) this aiternative method may be used for ana-
lysing the experimental data in place of the method
specified in clause 6.

The estimated values of approximately 95 % prob
ability standard deviation (hereinafter referred to sim-
ply as standard deviation) of sampling, division and
measurement should be calculated In accordance
with the procedure given below:

a) Denole the pair of four measurements (such as
Al,O, as a percentage by mass) of a pair of two
duplicate samples, prepared from the lwo Qross
samples A and B, as xy11, X119, X191, X199 8Nd Xp14,

A219: 4991, Ap99.

b) Calculate the mean and the range for each pair of
duplicate measurements:

_ 1 s

Xij. = > (I;j's + -Iij?) (AT

R1 = l-x:ﬂ - E_;El S {AZ}
where

i=1and 2, stands for A and B respec-
Tively;

j=1and 2, stands for final samples, A,,
B, and A,, B, respectively.

¢) Calculate the mean and the range for each pair of
duplicate samples:

-l
1'.._2

Ry = [ — Xl ... (A4)

(%1, + X2) ... (A3)

d) Calculate the mean and the range for each pair of
gross samples, A and B:

= 1 ,= =
Fe (Rt R) . (AB)

www.standards.com.au

e) Calculate the overall mean and the variance in ac-
cordance with the sum of squares of the ranges:

f=%z,ﬁ | (A7)

YR -5, 5P .. (A8

D R =[5, ~ Bl (A9

> R] = I - % (A.10)

02 =—Y R? AT
OK &t

S§=E%ZR§ .. (A12)

= > RS ... (A13)

where k 1s the number of lots.

fi Calculate the estimated values ot the variance of
measurement tﬁi.l}_ npreparatinn {Eﬁ} and sampling

(G2):
oy = 6° . (A14)
Sﬁ_ag_%aﬁﬂ ... (A.15)
33._33_%;3 ... (A.16)

g) Calculale the estimated values of standard devi-
alion ul measurement (a,,), preparation (6, and
sampling (o).

h) Compare the value of a¢ thus obtained with the

desired standard deviation of sampling (og) as
given in ISO B685.

© Standards Australia



A.2 Division-testing type 2

The estimated values of standard deviation should be
calculated in accordance with the procedure given

b el n o
LI VY,
al Denote the four measurements as follows:

xy, X' parr ot duplicate measurements of a
final sample A, prepared from gross
sample A;

Xq' single measurement of a final sample
A, prepared from gross sample A,

X! single measurement of a tinal sample
B prepared trom gross sample B.

b) Calculate the mean and the range for each pair of
duplicate measurements:

f=w%m(.r1+xi} (A7)
R-'t:-i_l*l _.IZE ...(A.18}

c) Calculate the mean and the range for each selec-
ted pair of measurements, x; and x; or x, and x;
selected at random:

X =%.{x1 +x) or —%_ (+x5) .. (A19)

R, = |x; — x4 OF |1, — x5 (A20)

d) Calculate the mean and the range for each pair of
gross samples, A and B selected at random:

X = 4[ 1+I,1].1T[I3+IJ!:| or

P Z

% (%3 + 43) . (A21)
Ry = Iy —xgl g —xglor g —xg] ... (A.22)

e) Calculate the overall mean and the variances in
accordance with the sum of squares of the

ranges:
?:‘TZE .. (A.23)
2 -
52 = - Zm . (A24)
= > B . (A.25)
2
6% = o ZRE ... (A.26)

www.standards.com.au
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where k is the number of lots.

f) Calculate the es.tlmated values of the variance of
measurement {chj preparation [c.r,:] and sampling

(a%)
Gry =0 . (A.27)
0n =05 — O . (A.28)

0% = 0% — 63 .. (A.29)

g) Calculale the estimated values of standard devi-
ation of measurement (g,,), preparation (Gp) and
samphng {33}.

h) Comparc the valuc of &g thus obtained with the
desired standard deviation of sampling {og} as
given in ISO 8685.

A.3 Division-testing type 3

In this case, the estimated vaiues of standard devi-
ation of sampling, preparation and measurement are
not obtainable separately. Type 3 testing gives the
overall standard deviation (G¢py):

3%pu—ﬂg+ﬂp+ﬂm ... [A.30)

The estimated value of overall standard deviation shall
be calculated in accordance with the procedure given
below:

a) Calculate the mean and the range for each pair of

measurements:
f:%{x,.ﬂg} (A3
R — |.l'1 = .l'il " [A.32J

where x,, x, are the measurements of final sam-
ples A and B, respectively.

b) Calculate the overall mean and the estimated

value of overall variance in accordance with the
sum of squares of the ranges:

=2 D F .. (A33)

qum = p Z‘R ... (A.34)

=l

where k is the number of lots.

c) Calculate the estimated value of overall standard
deviation (agpp)-
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Annex B
(informative)
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