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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bedies). 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. ISO 
collaborates closely with the International Electrotechnical Commission (IEC) on all 
matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are circulated to 
the member bedies 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 4299 was prepared by Technical Committee ISO/TC 65, 
Manganese and chromium ores. 

This second edition cancels and replaces the first edition (ISO 4299: 1980) of which it 
constitutes a minor revision. 

Annexes A and B form an integral part of this International Standard. 
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All rights reserved. No part of this publication may be reproduced or utilized in any form or by any 
means, electronie or mechanical, including photocopying and microfilm, without Permission in 
writing from the publisher. 
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INTERNATIONALSTANDARD ISO 4299 : 1989 (E) 

Manganese ores - Determination of moisture content 

1 Scope 

This International Standard specifies a method for determining 
the mean value of the moisture content of a consignment (lot) 
of manganese ores, whether natura) or processed, including 
concentrates, pellets and agglomerates. 

The method is intended to be applied at the places of dispatch 
and/or acceptance of the ore. 

Annex A specifies a method to be used in the case of adhesive 
or wet manganese ores. Annex B specifies methods of correc- 
tion for sprinkled water and/or rain-water. 

2 Normative references 

The following Standards contain provisions which, through 
reference in this text, constitute provisions of this International 
Standard. At the time of publication, the editions indicated 
were valid. All Standards are subject to revision, and Parties to 
agreements based on this International Standard are encour- 
aged to investigate the possibility of applying the most recent 
editions of the Standards listed below. Members of IEC and ISO 
maintain registers of currently valid International Standards. 

ISO 4296-1 : 1984, Manganese ores - Sampling - Part 7 : 
lncremen t sampling. 

ISO 4296-2 : 1983, Manganese ores - Sampling - Part 2: 
Prepara tion of samples. 

3 Definitions 

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

31 moisture Sample: The Sample taken for the determina- 
tion of moisture content of the consignment or patt of the con- 
signment. 

3.2 test Sample : A Sample prepared for moisture deter- 
mination from each increment, from each sub-Sample, or from 
the gross Sample, in accordance with the method specified for 
the moisture Sample. 

3.3 test Portion : A representative patt of a test Sample sub- 
jected to moisture measurement. 

If the entire quantity of a test Sample is subjected to moisture 
measurement, the test Sample may also be called “test 
portion”. 

4 Principle 

Drying of the test Portion in an oven at 105 OC and determi- 
nation of the moisture content, as a percentage by mass, from 
the initial and dried masses. 

5 Apparatus 

5.1 Drying Pans, made of stainless material (for example, 
stainless steel or brass), having a smooth surface, free from 
contamination and capable of accommodating the specified 
quantity of moisture Sample in a layer of thickness less than 
30 mm. 

5.2 Drying oven, equipped with a temperature-controlling 
device capable of regulating the temperature at all Points in the 
oven to within + 5 OC of the desired temperature. 

5.3 Weighing device, accurate to at least 0,05 % of the in- 
itial mass of a Sample. 

6 Sampling and samples 

Test samples which have been taken in accordance with 
ISO 4296-1 and prepared in accordance with ISO 4296-2 shall 
be used. The mass of a test Portion in relation to its whole- 
through sieve size is specified in table 1. 

Table 1 - Minimum mass of test Portion 

Whole-through sieve 
size of test Portion 

(mm) 

Minimum mass of 
test Portion 

kg) 

Z4 
10 

5 
1 

1 
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7 Procedure where 

7.1 Number of moisture measurements is the initial mass, in grams, of the test Portion; 

7.1.1 If one gross Sample is obtained from the consignment, 
four test portions shall be prepared. Two of these shall be sub- 
mitted for the determination of moisture content and the other 
two test portions shall be reserved as duplicates in case a check 
determination is required. 

7.1.2 If sub-samples or increments from a consignment are 
not combined into one gross Sample, one test Portion shall be 
prepared from each sub-Sample or increment and each of these 
shall be submitted for the determination of moisture content. 

NOTE - Samples which have been sieved In water for size determi- 
nation are not to be used for determination of moisture content. 

7.2 Measurement 

7.2.1 Weigh a drying pan (5.1) and record its mass. 

m2 is the mass, in grams, of the test Portion after drying. 

82 . Moisture content of the consignment 

The moisture content of the consignment, iV, expressed as a 
percentage by mass, shall be calculated from one of the 
equations (2) to (5), as appropriate, and reported to the second 
decimal place. 

8.2.1 When the moisture determination is conducted on a 
gross Sample from the consignment, the moisture content, as a 
percentage by mass, shall be calculated from the arithmetic 
mean of the two results obtained from the two test portions as 
given by the equation 

Y + w2 
WZ------- 

2 
. . . (2) 

7.2.2 Spread the test Portion (6) to a thickness of less than 
30 mm in the tared drying pan (5.1) and weigh. Record the total 
mass and the initial mass of the test Portion. 

where 

w1 and w2 are the moisture contents, as a percentage by 
mass, of test portions 1 and 2 respectively. 

7.2.3 Place the drying pan with the test Portion in the drying 
oven (5.2) set at 105 OC and maintain at this temperature for 
not less than 4 h. 

8.2.2 When the moisture determination is conducted on each 
sub-Sample, the moisture content, as a percentage by mass, 
shall be calculated from the weighted mean of the results for all 

7.2.4 Remove the drying pan with the test Portion from the sub-samples considering the number of increments in each 
oven and weigh immediately while still hot. sub-Sample as given by the equation 

NOTE - The weighing device (5.3) should be protected from the 
effects of the hot material by a suitable heat-resisting material. 

7.2.5 Replace the drying pan with the test Portion in the dry- 
ing oven, heat for a further 1 h, and repeat the weighing. 

k 

c 
NiWi 

i=l 
j$= . . . (3) 

k 

7.2.6 Repeat the procedure described in 7.2.5 until the dif- 
ference in mass between subsequent measurements becomes 
0,05 % or less of the initial mass of the test Portion. lf, after 
repeated drying, the mass increases, the mass measured before 
the last weighing shall be used. 

i=l 

where 

k is the number of sub-samples; 

7.2.7 The moisture content of adhesive or wet ores shall be 
determined by the method specified in annex A unless the 
mass of the Sample is small, in which case the entire mass of 
the Sample may be dried to determine the moisture content us- 
ing the procedure described above. 

8 Calculation and expression of results 

Ni is the number of increments in the ith sub-Sample; 

wi is the result of moisture determination, as a percentage 
by mass, of the ith sub-Sample (test portion). 

NOTE - If it is impracticable to Sample the consignment as a whole or 
desirable to Sample a consignment in separate Parts of unequal mass as 
in the case of time-basis sampling, the moisture content of each part 
should be determined independently and the weighted mean of 
moisture content of the consignment calculated from the individual 

81 . Moisture content of each test Portion 
results as given by the equation 

The moisture content, wi, expressed as a percentage by mass, 
shall be calculated from equation (1) and reported to the 
second decimal place : 

ml - m2 
=-x 100 (1) wi . . . 

ml 

k 

c 
i?liWi 

i=l 
i? =- 

k 

c 
mi 

i=l 

. . . (4) 

2 
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where 

k is the number of Parts in the consignment; 

mi is the mass, in grams, of the ith Part; 

wi is the result of moisture determination, as a percentage by 
mass, of the ith part. 

8.2.3 When the moisture determination is conducted on each 
increment, the moisture content, as a percentage by mass, 
shall be calculated from the arithmetic mean of the results 
obtained as described in 8.2.1 for all the increments, as given 
by the equation 

n 
c wi 

i=l 
w E------- . . . (5) 

n 

where 10 Test report 

n is the number of increments; 

wi is the result of moisture determination, as a percentage 
by mass, of the ith increment. 

9 Precision 

The following precision requirements relate to the precision in 
determining the values of moisture content in a moisture sam- 
ple when moisture determinations are made in the same labora- 
tory. The method is designed so as to obtain the values of pre- 
cision, with 95 % probability, shown in table 2. 

Table 2 - Precision and maximum permissible 
tolerantes between results of duplicate determinations 

Moisture content 
% brllm) 

> < 

- 5 
5 10 

10 15 
15 - 

Precision 

(absolute %) 

+0,4 
+0,5 
+0,7 
kO,8 

Maximum 
permissible 
tolerante 

(absolute %) 

015 
0,7 
03 
IJ 

If the values of precision and maximum tolerante obtained 
exceed those given in the table, the moisture determination 
shall be repeated. 

When two duplicate determinations are carried out, the final 
results shall be obtained as shown in the flow Chart (see 
figure 1). 

The test report shall include the following information : 

a) reference to this International Standard; 

b) details necessary for the identification of the Sample; 

c) result of the test; 

d) any characteristics noticed during the determination 
and any operations not specified in this International Stan- 
dard which may have had an influence on the results. 

Examples of suitable test reports are given in tables 3, 4 and 5. 

3 
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, 
Carry out two 
measurements 

XI! X2 

Accept these as 
definitive results - END 

NO 

Make two more 
measurements 

X31 X4 

Accept these last Compute average 
1x3 + x4v2 

4 

- END 

NO 

c 

Pool Xl, x2 

X3f X4 

1 

Discard the maximum and 
minimum values and adopt 
the mean value of the 
remaining two values 

END 

NOTE - T is the maximum permissible tolerante given in table 2. 

Figure 1 - Flow Chart - Procedures for processing the results of moisture determinations 
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Table 3 - Example of a test report for values of moisture measurement on a test Portion 

Type and grade of manganese ore : I 

Identity and quality of consignment : 

Minimum mass 
Sample No : of Sample : 

5 kg 

Total mass before drying (g) 

Mass of drying pan (g) 

Initial mass of Sample (g) 

Value of 0,05 % of initial mass of Sample (g) 

Particle size of Sample : 

-22,4 mm 

(1) 

(21 
3 = (1) - (2) 

(3) 
(4) = - 

2 000 

Date : 

6 021 

896 

5 125 

2,56 

Total mass after 4 h drying (g) 

Total mass after further 1 h drying (g) 

Total mass after another 1 h drying (g) 

Final loss on drying (g) (8) = (1) - (7) 440 I 

Moisture content, wi (%) 
(8) 

(9) = (3) x 100 8,59 
I 

Remarks : 

Assayer : 

* The differente (5) - (6) was 9 g and exceeded (4); so another 1 h drying was conducted. The differente (6) - (7) became 2 g and was less than 
(4). Therefore, the drying of this Sample was terminated. l 

Table 4 - Example of a test report for determination of the moisture content of a gross Sample 
(Duplicate determinations) 

Type and grade of manganese ore : 

Identity and quality of consignment : 

Sample No. : 
Minimum mass 

of Sample : 
1 kg 

Particle size of Sample : 

-10 mm 
Date : 

Total mass before drying (g) (1) 1 228,4 1 220,9 

Mass of drying pan (g) (2) 204,l 196,0 

Initial mass of Sample (g) (3) = (1) - (2) 1 024,3 1 024,9 

Value of 0,05 % of initial 
mass of Sample (g) 

mass differente mass differente 

Total mass after 4 h drying (g) (5) 1 169,6 1 167,0 

Total mass after further 1 h drying (g) (6) 1 161,9 (5) - (6) = 7,7 1 158,6 (5) 46) = 8,4 

Total mass after another 1 h drying (g) (7) 1 161,7 (6) - (7) = 0,2 1 158,3 (6) - (7) = 0,3 

Final loss on drying (g) (8) = (1) - (7) 66,7 62,6 

Moisture content of each Sample (%) 

Differente between two determinations (%) 

Maximum permissible toierance (%) 

(9) = 0 x 100 
(3) 

6,51 6,ll 

0,4 

T 0,7 

Moisture content (%) l 6,31 

Remarks : 

Assayer : 

5 
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Table 5 - Example of a test report for determination of thk moisture content of a consignment 

Sample No. : Minimum mass of Sample : 1 kg Particle size of 
Sample : -10 mm 

Date : Type and grade of manganese ores : Name of consignment : Assayer : 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Sub- No. of Total mass Total mass Mass of Initial Mass of Loss Moisture 

Sample incre- before after drying mass of dried content (1) x (8) 
No. ments drying drying Pan Sample Sample d;:g 

kl) (9) kl) (9) 
(Wi) 

(9) (9) (%) 

1 6 1 344,8 1 306,l 236,1 1 108,7 1 070,o 38,7 3,49 20,94 
2 6 1 369,3 1 340,4 270,O 1 099,3 1 070,4 28,9 2,62 15,72 
3 6 1 335,5 1 299,4 253,0 1 082,5 1 046,4 36,1 3,33 19,98 
4 5 1 395,8 1 356,5 249,3 1 146,5 1 107,2 39,3 3,43 17,15 
5 5 1 387,4 1 359,4 264,6 1 122,8 1 094,8 28,0 2,49 12,45 

Total 28 Moisture content 1;) (%) = 
c (9) 86,24 

-=- C (1) 28 = 3,08 86,24 

Final result : 3,08 % 

Annex A 
(normative) 

Determination of moisture content of wet manganese ores 

If the Sample is difficult to sieve, crush and divide owing to it 
being adhesive or excessively wet, it should be pre-dried until 
preparation tan be conducted satisfactorily. In this case the 
moisture content shall be obtained by using the pre-drying 
method described below. 

A.1 Determine the initial mass of the test Sample. 

A.2 Spread the test Sample in a uniform thickness and dry it 
by air-drying or in a drying apparatus at a temperature no 
higher than 105 OC. The choice of temperature and time for this 
pre-drying Stage shall not exceed a Point where an ore is likely 
to re-absorb moisture during subsequent processing. 

A.3 After drying, again determine the mass of the test 
Sample. 

A.4 Calculate the pre-dried moisture content, wp, as a 
percentage by mass, using the equation 

Rn’, - m; 
wp = x 100 . . . 6) 

m'1 

where 

m’t is the initial mass, in grams, of the test Sample; 

rn'2 is the mass, in grams, of the test Sample after pre- 
drying. 

6 

A.5 Record the pre-dried moisture content to the second 
decimal place. 

A.6 Prepare the test portions for moisture measurement 
from the pre-dried Sample according to clause 6. 

A.7 Determine the loss of mass on drying of the test Portion 
by the method specified in clause 7 and calculate the additional 
moisture content as a percentage by mass, according to 8.1. 

A.8 Calculate the total (as received) moisture content, w@, 
as a percentage by mass, using the equation 

100 - wp 
WPd = wp + 

100 x Wd 
. . . (7) 

where Wd is the additional moisture content obtained accord- 
ing to 8.1 after pre-drying, as a percentage by mass. 

NOTE - Take care in handling the Sample and weighing the initial 
mass and pre-dried mass of the Sample in Order to ensure the measure- 
ment precision of the pre-dried moisture content. 

A.9 Calculate the moisture content as a percentage by mass 
of the consignment according to 8.2. 
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Annex B 
(normative) 

Correction for sprinkled water and/or rain-water 

B.0 Introduction 

Nowadays, in many countries, stritt environmental regulations 
must be observed in the handling of ores. When water is 
sprinkled over an ore during loading and/or unloading opera- 
tions to prevent dust evolution, the moisture content of a con- 
signment shall be corrected, according to the procedure 
specified in this annex, for the mass of water sprinkled. 

This annex also describes a method for correcting the moisture 
content of a consignment exposed to rainwater. 

B.l General 

B.1.1 Water may be sprinkled for the following reasons : 

a) where environmental regulations at loading and/or 
unloading ports require dust control, or 

b) where difficulty of handling ores due to the 
characteristics of the ore, weather conditions, handling 
equipment, etc., make the presence of additional water 
benef icial . 

B.1.2 Correction for rain-water is made when it significantly 
affects the moisture content of the consignment. The level at 
which such a correction is made may be agreed between the 
Parties concerned. 

B.2 Correction for sprinkled water 

B.2.1 Sprinkled water 

Sprinkled water refers to water added between the time of 
moisture determination and tonnage determination. 

B.2.2 Measurement of mass of sprinkled water 

The measurement of the sprinkled water should be made with a 
meter with an accuracy of + 5 %. The volume obtained 
should be converted to a mass, m3, in tonnes by multiplying 
the value obtained by the density of the water sprinkled. 

NOTE - Fresh water is assumed to have a density of 1 t/m? 

B.2.3 Mass of consignment 

The mass of the consignment, m4, in tonnes, shall be deter- 
mined by calculation of the differente between the initial and 
final draft Survey tonnage. 

B.2.4 Calculation of moisture content corrected 
for sprinkled water during unloading operations, 
Prior to taking moisture samples 

The moisture content, w,, expressed as a percentage by mass, 
corrected for sprinkled water, is given by equation (8) and 
reported to the first decimal place 

.- m3 
ws =w- (loo-iV)-Xf . . . (8) 

m4 

where 

W is the mean value of the moisture content, as a percen- 
tage by mass, as determined in 8.2; 

m3 is the mass, in tonnes, of sprinkled water; 

m4 is the mass, in tonnes, of the consignment; 

f is the factor to correct for water lost during sprinkling. 
The value offis decided by commercial agreement between 
the Parties concerned. 

B.2.5 Calculation of moisture content corrected 
for sprinkled water during loading operations, 
after taking moisture samples 

The moisture content, w,, expressed as a percentage by mass, 
corrected for sprinkled water, is given by equation (9) and 
reported to the first decimal place 

m3 
ws = w + (100 - w) - x f . . . (9) 

m4 

where 9, m3, 172~ and f are as previously defined. 

B.3 Corrections for rain-water 

B.3.1 Rain-water 

The moisture content of the consignment shall be determined 
from the as-tested moisture content by allowing for the influx 
of rain-water into the vessel’s hold(s) and/or on the handling 
equipment during both loading and unloading operations. 

B.3.2 Effective area exposed to rainfall 

The effective area exposed to rainfall shall be calculated by ad- 
ding up the areas specified in 9.3.2.1 to 9.3.2.3, rounded to the 
nearest Square metre. 
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