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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. Esch 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; govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 8542 was prepared by Technical Committee ISO/TC 65, 
Manganese and chromium ores. 

Users should note that all International Standards undergo revision from time to time 
and that any reference made herein to any other International Standard implies its 
latest edition, unless othetwise stated. 

0 International Organization for Standardization, 1986 e 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 85424986 (E) 

Manganese and chromium ores - Experimental methods 
for evaluation of quality Variation and methods for 
checking the precision of sampling 

1 Scope and field of application 

This International Standard specifies experimental methods for 
the evaluation of quality Variation of manganese and chromium 
ores, whether natura1 or processed, for the purpose of defining 
sampling procedure by the mass-basis systematic method and 
the two-Stage method as specified in the relevant International 
Standards. lt also specifies methods for checking the precision 
of sampling by the mass-basis systematic method and two- 
Stage method. 

NOTE - The evaluation of quality Variation for the sampling procedure 
by the time-basis systematic method shall be derived on the basis of 
the mass-basis systematic method. 

2 References 

ISO 4296/ 1, Manganese ores - Sampling - Part 1: ln- 
cremen t sampling. 

ISO 429612, Manganese ores - Sampiing - Part 2: Prep- 
aration of samples. 

3 Experimental methods for evaluation of 
quality Variation - General conditions 

3.1 Quality Variation 

The quality Variation is a measure of the heterogeneity of the 
ore and is expressed in terms of Standard deviation, denoted 
by CL lt shall be Standard deviation within strata or intervals 
between taking increments, denoted by oW, in case of mass- 
basis systematic sampling ; and shall be Standard deviation 
between wagons, lorries, Containers (hereinafter - wagons), 
denoted by ab, or Standard deviation within wagons, denoted 
bY Q, in case of two-Stage sampling. 

3.2 Quality characteristic 

The quality characteristic Chosen for determining the quality 
Variation shall be manganese content for manganese ores and 
chromium Oxide content for chromium ores. 

NOTE - lt should be recognized that other quality characteristics, 
such as moisture content, particle size distribution, etc., may have to 
be taken into account. 

3.3 Determination of quality Variation 

The quality Variation shall be determined for each type of an ore 
specified between the Parties concerned. 

3.4 Consignment for experiment 

lt is recommended that consignments to be selected for the ex- 
perimental purposes be 3 000 t or over in mass and 50 or more 
increments constitute a gross Sample. 

3.5 Methods for sampling and testing 

The sampling, Sample preparation, Chemical analysis and 
related testing for experimental purposes shall be carried out in 
accordance with the relevant International Standards. 

3.6 Scale of experiment 

The experiment shall be conducted on a consignment basis and 
shall be repeated five times. For systematic sampling, an ex- 
periment shall cover either a whole consignment or part of the 
consignment. For two-Stage sampling, it shall cover 10 wagons 
out of M wagons of a consignment. 

3.7 Frequency of experiment 

lt is recommended that the experiment for the evaluation of 
quality Variation of each type of an ore of regular delivery be 
conducted at regular intervals, for example biennially, or as 
necessary. 

4 Experimental methods 

4.1 Method for systematic sampling 

4.1.1 This method is applicable for the estimation of Standard 
deviation within strata, a,, in the case of the mass-basis 
systematic method of sampling being applied to a consignment 
constituted at ports of loading or transferred at ports of 
discharge. 

4.1.2 For the burpose of experiment, a whole consignment or 
part of the consignment shall be divided into five Parts (k = 5) 
of equal mass. 
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ISO 8542-1986 (El 

4.1.3 Ten increments shall be collected from each Part, an ex- 
perimental Sample being constituted from 50 increments. Esch 
increment shall be taken at equal mass intervals after a random 

. statt within the first interval. 

4.1.4 The five consecutive odd-number increments from the 
statt shall constitute an odd-number subsample which is desig- 
nated subsample A; and the five consecutive even-number 
increments from the Start shall constitute an even-number sub- 
Sample which is designated subsample B. See figure 1. 

4.1.5 The samples for Chemical analysis shall be prepared 
from subsamples A and B : a Single final Sample is prepared by 
discarding one of the binary divided portions for subsample A; 
and paired final samples are prepared from the binary divided 
portions for subsample B. See figure 2. . 

4.1.6 A Single Chemical determination shall be carried out on 
all of the final samples. The sequence of the 15 Chemical deter- 
minations of the experimental samples shall be randomized, or 
otherwise both experimental and routine determinations shall 
be combined and the determinations shall be in a random 
Order. The individual measurements shall be identified by the 
designations as shown in figure 2. 

4.1.7 lt is recommended that the experimental 
recorded on a data sheet such as that given in table 

data be 
1. 

42 . Method for two-Stage sampling 

4.2.1 This method is applicable to the estimation of Standard 
deviation between wagons, ab, and Standard deviation within 
wagons, ci,, in the case of the two-Stage method of sampling 
being applied to a consignment loaded on to or discharged 
from wagons. 

4.2.2 In the first Stage of two-Stage sampling, when sampling 
from a wagon-borne consignment, a total of 10 (m = IO) 
wagons shall be selected at equal mass intervals with a random 
Start. 

4.2.3 In the second Stage of two-Stage sampling, each of four - 
(n = 4) increments shall be taken at random from the ore 
within the selected wagons to obtain a total of 40 increments. 

4.2.4 The two different paired subsamples, denoted (Cl, Cz), 
(Dt, Dz), each composed of 10 increments, shall be constituted 
as follows: C1 and C2 each comprise one increment of the 
10 selected wagons; Dt comprises two increments of the five 
even-number wagons ; D2 comprises two increments of the five 
odd-number wagons. (See figure 3.) 

4.2.5 The samples for Chemical analysis shall be prepared 
from subsamples C1 , C2; D,, DZ: a Single final Sample from 
each of the two different pairs of subsamples. 

4.2.6 Duplicate Chemical determinations shall be made on all 
the final samples. The sequence of Chemical determinations of 
the experimental samples shall be randomized, or otherwise 
both experimental and routine samples are combined and the 
determinations shall be in random Order. The individual 
measurements shall be identified by designations as shown in 
figure 3. 

4.2.7 lt is recommended that the experimental 
recorded on a data sheet such as that given in table 

data be 
2. 

Methods for analysis of experimental data 

5.1 Method for systematic sampling 

This method is applicable to the experimental data obtained in 
accordance with the method specified in 4.1. The procedure to 
evaluate the quality Variation shall be as given in 5.1.1 to 5.1.3. 

5.1.1 Calculate the estimated value of combined precision of 
division and measurement, in terms of variance, of the sub- 
Sample 

- 1 
4 = - 5 

(1 b 11 -bd + P*,-b22l + l =. + Ib5,-bd 
(1) ' 1 . . . 

a2 DM = (R, ld212 (2) ’ 1 . . . 

bilt bi2 
samples 

are the ith measurements of each of the paired 

& is the mean of ranges of the five paired samples; 

*2 
ODM is the estimated value of combined precision 
sion and measurement, in terms of variance; 

of divi- 

dz is a factor for obtaining the Standard deviation 
range (d 2 = 1,l 28 for paired measurements 1. 

from 

When the estimated value of precision of measurement (GL) is 
available, the estimated precision of division (a$ tan be 
calculated by the equation 

a2 o2 *2 
D 

= 
DM - OM 

5.1.2 Calculate the estimated value of quality Variation within 
strata in which precision of division and measurement is 
included 

- 1 

R2 = 6 
(1 al - h 1 + 1472 - bz1 1 + . . . + 1 a5 - b5, 1) 

. . . (4) 

1’ Source : ASTM. ASTM Manual on Qua/@ Control of Materiak. Philadelphia, PA, American Society for Testing and Materials, 1951. 
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R is the 
samples ; 

mean of of the two different 

so,,,, and d2 are as defined in 5.1 .l . 

To calculate at, see equation (3). 

52.2’) Calculate the estimated value of quality Variation 
between wagons and that of quality Variation within wagons by 
means of equations (IO) to (14) 

(2 1 2 
w = iili?2/d2)2 

ca’ ) 2 
w = 5(R2/1 ,128)2 . . . (6) 

FC, = 1 (Cl, + Cl21 
2 

. . . (10) 

. . . (11) 

. . . (12) 

. . . (13) 

. . . (14) 

alt bi,, b. 12 are the ith measurements of a 
Sample, and those of each of the final samples 

Single final 

FD, = 1 (D,, + Q2) 
2 

RD = IyDl - xD21 

R2 is the mean of ranges 
of (a and b,) or (a and b2) 

of the five paired samples, either 

Rc = I-G - FC21 

Hence 

*2 
Ob = m[(RD/d2) 2 - 

(2 1 2 2 w = mHRcld2) - 

or 

Fi is the number of increments constituting a subsample 
(in this method FF = 5) ; 

2 (Rcld2) ID (GL)* is the estimated quality Variation within strata by in- 
cluding &,,, . 

2 (&M) /23 When bl has been Chosen by random selection, equation (4) is 
applied; when b2 k Chosen, equation (4’) is used. 

5.1.3 Calculate the estimated quality Variation within strata, h 
a$ excluding cr&, by equation (7), which is derived from 
equations (2) and (5) 

3 
W = m{ (RCld212 - [i?; + $$/21} 

where 

02 
W = lag2 - GiM . . . (7) xCl ’ xDl ’ xD2 are tne antnmerrc means ot each of the 

duplicate measurements of the two different paired 
samples ; 

52 . Method for two-Stage sampling 
RC, RD are the ranges of each of 
the two different paired samples ; 

the arithmetic means of 

This method applies to experimental data obtained in accord- 
ante with the method specified in 4.2. The procedure for 
evaluation of the quality Variation shall be as given in 5.2.1 and 
5.2.2. 

m is the number of selected wagons in the first stage of 
two-Stage sampling, in this method m = 10; 

a2 b is the estimated 
terms of variance ; 

Variation between wagons in 
5.2.1 Calculate the estimated value of combined precision of 
division and measurement, in terms of variance, of the sub- 
samples a2 is the estimated 

teyms of variance. 
Variation within wagons 

- 1 
R, =- 

4 
(1 c ,,- Cl21 + Ic21-GI + 

+ 14, -D121 + 1D2, -D,I) l -0 (8) 

When the estimated value of combined precision of division 
and measurement, at,,,, , of a specific type of an ore is made 
available, either from the experimentation according to 4.1 and 
5.1 (systematic sampling) or from a different experiment, that 
estimated value may be used and patt of this experiment tan be 
simplified. In this case, each of the Single Chemical determi- 
nations shall be made on the two different paired samples to 
obtain measurements Cl, C2; DJ, 02 (sec figure 31, then 
(?&M)2/2 in equation (13) tan be replaced with 6&,, , and a& /2 
in equation (14) tan be replaced with o&. 

*2 
ITDM = li?/d212 . . * (9) 

Cli, C2i; Dli, D2i are the ith measurements of the ~WO dif- 
ferent paired samples ; 

1) Source of theoretical background : PEARSON, E.S. The Application of Statistical Methods to lndustrial Standardkation and Quality Contra/, 
. No 6004935. London, UK, British Standards Institution, 1935. 
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5.3 Observation where 

During the process of data analysis, if the calculated value of 
variance turns out to be negative, it should be assumed that 
a2 = 0, provided that this is not attributable to defects in the 
experimental operations. 

ab is the value obtained from equation (12); 

ac is the value obtained from equation (14); 

h is the number of values of ab or ac (normally h = 5). 

The quality Variation is overestimated when the estimated value 
of 02, in which &, is included, (&,12, is used in equations (16) 
and (17). 

6 Expression of results 

The evaluated values of quality Variation derived from five ex- 
periments shall be summarized by the procedure specified in 
6.1 and 6.2. 7 Classification of quality Variation 

7.1 The evaluated values of quality Variation by experimen- 
tation are those of “estimated” values of the sampling 
Parameters. Therefore, factors concerning the Situation at 
mines of the ore of each type shall be taken into consideration 
by the authorized Parties responsible for sampling, for the 
determination of values of Standard deviation as “known” 
values. 

6.1 Systematic sampling 

The arithmetic mean of the estimated values of Standard devi- 
ation within strata, Cwt shall be obtained by equation (15). 

- v 
1 

uw = c a2 
h w 

. . . (15) 
NOTE - The Parameters of sampling utilized for the classification of 
magnitude of quality Variation in the relevant International Standards 
are given as the “known” Standard deviation. 

ak is the value obtained from equation (7) ; 7.2 When the value or values of Standard deviation of the 
ore of a given type are determined for the purposes of 
sampling, the ore shall be classified into either one of the two 
categories (“large” and “small”) or the three categories 
(“large”, “medium” and “small”) of quality Variation, as the 
case may be. 

h is the number of values of g: (normally h = 5). 

The quality Variation is overestimated when the estimated value 
of 0, in which &, is included, @,J2, is used in equation (15). 

73 . lt should be noted that the quality Variation tan 
as a result of modification of factors such as 

Change 
62 . Two-Stage sampling 

The arithmetic mean of the estimated values of Standard devi- 
ation between wagons, ab, and that of Standard deviation 
within wagons, OW, shall be obtained by equations (16) and 
( 17) respectively. 

. . . (16) 

* a) ore bodies in a mine; 

b) methods of mining ; 

Cl methods of ore dressing ; 

d) methods of stockpiling and reclamation ; 

methods of loading and discbarging ; 

fl mass of consignment. - 
i 

1 
aw = c a2 

h w 
. . . (17) 

See 3.7. 
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Part 1 

4 
0 

P 

Part 2 

A2 
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? 
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A whole consignment 

Part 5 

A 5 
0 

? 

B 1 B 2 B 5 

Legend : 

l 

0 

0 0 

A 1 

Odd-number increment 

Even-number increment 

Subsample 

Figure 1 - Flow diagram for constitution of subsampie (example) 

B 1 
0 

P 

b 11 42 

Legend : 

0 0 Subsample 

0 Division 

0 0 Final Sample for Chemical analysis 

l Measurement of test Portion 

a2 b 21 b 22 a5 b 51 b 52 

Figure 2 - Flow diagram for preparation of final samples (example) 
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(Wagens selected from a Single consignment) 

First Second 
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Legend : 

1-1 Selected wagon 

0 lncrement 0 0 Final Sample for Chemical analysis 

0 0 Subsample l Measurement of test Portion 

1 
_I 1 
f I 
I 
I I 

J I 
J 

Figure 3 - Flow diagram for constitution of subsamples and preparation of final samples (example) 
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Table 1 - Data sheet for experiment on systematic sampling (example) 

Designation of experiment : 

Type of ore: (for example manganese ore “A”) 

Identification and mass of consignment : 

Mass of increment (kg) : 

No. of increments: 

Dates of experiment : 

Part 
No. 

1. 
2. 
3. 
4. 
5. 

ai b. 11 

Quality characteristic (for example % Mn) 

6. 12 Ib il - bi2l I ai - bil I Or I ai - bi2 I 

1 
- - 

Mean range Rl I R2 

Calculation 

a2 DM = (&/1,128)2 = . . . . . . . . . . . . . . . . 

(8’ 1 2 
W = 5(i72/1,128)2 = . . . . . . . . . . . . . . . . 

a2 
W = (Q2 - G2~~ = . . . . . . . . . . . . . . . , 

Table 2 - Data sheet for experiment on two-Stage sampling (example) 

Designation of experiment : 

Type of ore : (for example manganese ore “A”) 

Identification and mass of consignment : 

Mass of increment (kg) : 

No. of increments: 

Dates of experiment : 

Subsample 
designation 

Cl 

c2 

Dl 

D2 

Analysis 1 

Quality characteristic (for example % Mn) 

Analysis 2 R 

Mean range R 

x 

%l 

Q2 

XDl 

xD2 

Calculation 

^2 
ODM = (R/l,128)2 = . . . . . . . . . . . . . . . . 

Rc = 1 FC, - FC2 1 = . . . . . . . . . . . . . . . . RD = IyD, - FD21 = . . . . . . . . . . . . . . . . 

^2 
Ob = 5[(R~/l,l28)~ - (Rc/1,128)21 = . . . . . . . . . . . . . . . . 

02 
W = 10[& 11, UH2 - (aDM)2/2] = . . . . . . . . . . . . . . . . 
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