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INTERNATIONAL STANDARD

I1SO 3087 : 1987 (E)

Iron ores — Determination of moisture content

of a consignment

0 Introduction

At predent, large tonnages of iron ores are traded inter-
nationaly and, therefore, the smallest difference in the
measure¢d moisture content (percentage by mass) of the same
consignment has a considerable effect on transaction of iron
ores. The correct determination of moisture content of a con-
signment is, therefore, a matter of importance for both the pur-
chaser and the vendor.

This se¢ond edition of ISO 3087 contains the following major
amendments:

a) the inclusion of a test sample having a particle size'of
less than 31,5 mm;

b) the inclusion of annex B, which deals with methods for
corrgction for sprinkled water and/or rain-water.

This Infernational Standard does not_dim: to determine the
hygrosdopic moisture content of the-test'sample for chemical
analysigl If the hygroscopic moisture.content is required, see
ISO 2596, /ron ores — Determination of hygroscopic moisture
in analyfical samples — Gravimetric and Karl Fischer methods.

This International Standard/contains three annexes:

— |Annex A.specifies a method to be used when it is
diffi¢uit to conduct sieving, crushing and division owing to a

1 Scope and fieldrof-applicatign

This International Standard specifies a method for the determi-
nation of the moisture content of a consignment of iron ore.

This method\is applicable to all iron ores| whether natural or
processed\(for example concentrates and agglomerates such as
pellets, ‘sinters or briguettes). HoweveE, some limonites,
sulfides; and certain ores containing a high content of com-
bined water may give erroneous results df moisture determi-
nation under the conditions specified.

2 References
ISO 3081, /ron ores — Increment sampling| — Manual method.

1SO 3082, /ron ores — Increment sampling and sample prep-
aration — Mechanical method.

ISO 3083, /ron ores — Preparation of $amples — Manual
method.

3 Definitions

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

3.1 moisture sample: The sample tak¢n for determination

sample being adhesive or excessively wet. In this case the
samplé.may be pre-dried until preparation can be conducted
with i N f isture—content-of-a

consignment determined by the procedure specified in
annex A.

— Annex B specifies methods of correction for sprinkled
water and/or rain-water. In the event that a consignment is
subjected to rain-water and/or sprinkled water to control
dust emission, then the moisture content of the consign-
ment should be corrected for this added water in accord-
ance with annex B.

— Annex C shows, for information, the precision of
moisture measurement of the method specified in this Inter-
national Standard.

of the moisture content of the consignment or part of the con-
signment.

3.2 test sample: A sample ready for moisture determination
which is prepared from each increment, from each subsample,
or from the gross sample in accordance with the specified
method for the moisture sample.

3.3 test portion: A representative part of a test sample
which is actually subjected 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”’.
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4 Principle

Drying of the test sample in air at 105 °C to constant mass.
Determination of the moisture content by establishing the loss
in mass of the sample when heated at 105 °C.

5 Apparatus

5.1 Drying pan, having a smooth surface, free from con-
tamination and capable of accommodating the specified quan-
tity of a sample in a layer of thickness not greater than
31,5 mm.

Perform all the initial weighings of the test portions at the same
time and as quickly as possible after obtaining the test portions.

7.2 Measurement

Spread the test portion in a thickness not greater than 31,5 mm
in the tared drying pan (5.1) and determine the total mass im-
mediately. Record the total mass, the mass of the drying pan,
the initial mass of the test portion and the numerical value of
0,05 % of the initial mass of the test portion.

Place the drying pan with the test portion in the drying oven

5.2 Drying ovpn, equipped with a temperature indicator and
a control appar£us capable of regulating the temperature at
any point in the pven within £5 °C of the desired temperature
and so designed [as to maintain this temperature with a current
of air to ensure efficient drying but without any loss of sample,
and fitted with a fan that allows both for the circulation of air
and for the change of air at least three times every hour.

5.3 Weighing|device, accurate to at least 0,05 % of the
initial mass of a pample.

6 Samples

Test samples which have been taken in accordance with
1SO 3081 or IS0 3082 and prepared in accordance with
ISO 3082 or IS0 3083 shall be used. The mass of a test portion
in relation to its whole-through sieve size is specified in table 1,
in accordance with ISO 3082 or 1SO 3083.

Table 1|— Minimum mass of test portion

Minimum mass
of test portion

Whole-through sieve size
of test plortion

(mnp) (kg)
31,% 10
22,4 5

10, "

7 Procedur

W

7.1 Number pf moisture measurements

Carry out one moisture measurement per test portion on the

(5.2) set at 105 °C, and maintain this temperature for not less
than 4 h. Remove the drying pan with the test portion from the
drying oven and weigh it immediately while stillliot fo minimize
reabsorption of moisture. Alternatively, weigh the fest portion
after cooling in air in a container having, a close-fitling airtight
lid. In each case, report the method:.of weighing.

Again place the drying pan with_the test portion ir| the drying
oven, heat for a further 1 h; and then repeat the weighing.

Repeat the procedure in“the previous paragraph uptil the dif-
ference in mass between subsequent measurements becomes
0,05 % or less of the initial mass of the test portio.

NOTES

1 Theweighing device should be protected from the |influence of
heat.

2(’In'the case of a series of maisture measurements carrigd out on the
same- type of iron ore, the heating time of the test portion may be
specified by check experiments beforehand.

3 For convenience, the test portion of mass 10 kg for ofe of particle
size less than 31,5 mm may be divided into two portiong, which are
subjected to moisture measurement. In calculating the[results, the
mean of the two values of initial mass and the mean of the two values
of the drying loss in mass should be used.

8 Calculation and expression of results

8.1 Test portion

The result of the determination of the moisture contgnt, w;, ex-
pressed as a percentage by mass, for each test portipn, is given
by equation (1) and reported to the second decimal place

My — Mo

number of test partiohs as specified in table 2 _according fo the

conditions of preparation of the test sample.

Table 2 — Number of test portions

Number
of test portions
to be tested

Number of subsamples
per consignment

Preparation
of test sample

Per gross sample 4 —
4 2
Per subsample 2 minimum _ 3to7
1 minimum >8
Per increment 1 minimum —

W, = ———— X 100 L)
my

where
my s the initial mass, in grams, of the test portion; .

my is the mass, in grams, of the test portion after drying.

8.2 ' Consignment

The moisture content of a consignment is given by one of
equations {2) to (5) as the occasion may demand, and reported
to the first decimal place.

e
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8.2.1 When moisture determination is conducted on the
gross sample from the consignment, the moisture content of
the consignment is determined as follows.

When the range of the four test results does not exceed 1,3r as
shown in table 3, the arithmetic mean, w, of the four resuits
shall be the moisture content, expressed as a percentage by
mass, of the consignment as given by equation (2)

_ W1 + Wo + Wa + Wy
w = ... (2)
4

I1SO 3087 : 1987 (E)

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, w, of the results, expressed as a per-
centage by mass, of the consignment calculated from the in-
dividual results using equation (4)

W= —— .4

where wj, w,, wz and w, are the results of the determinations
of the moisture contents, expressed as percentages by mass,
on each jof the four test portions.

When tHe range of the four test results exceeds 1,3r given in
table 3, the median shall be taken as the moisture content of
the consignment.

The median of four test results is defined as the mean of the
two noniextreme test results.

Table¢ 3 — Repeatability of moisture determination
on the gross sample

Average of ire
moisture content, W Repeatability, r 1.3r
[% (m/m)] (%) (%)
w<3 0,20 0,26
3kw<b 0,25 0,33
6k w 0,31 0,40

8.2.2 When mass-basis sampling has been performed and
moisturd determination is conducted on_each subsample, the
weighted mean, w, of the results from.all the subsamples, con-
sidering the number of increments for.each subsample, shali be
the moigture content, expressed @s Ja’ percentage by mass, of
the condignment, as given by.equation (3}

where
k is the number of parts in a consignment;
m; is the mass.of the ith part;
w;

; is the result of the determinatiop of the moisture
content,-eXpressed as a percentage by nass, of the ith part.

8.2.3 “When moisture determination is gonducted on each
inctement, the arithmetic mean, w, of fthe resuits for all
increments obtained according to 8.1 sh3ll be the moisture
content, expressed as a percentage by mzjss, of the consign-
ment, as given by equation (5)

n
X v
# = A= .. (B
n

where
n is the number of increments;

w; is the result of the determination of the moisture
content, expressed as a percentage by mass, of the ith

increment.
k
>
_ i=1
W= . (3) 9 Test report
E Ni The test report shall contain the following rnformation:
=1
a) reference to this International Standard;
where

k is the number of subsamples;

N,

; is the number of increments in the ith subsample;

w; is the result of the determination of the moisture
content, expressed as a percentage by mass, of the ith sub-
sample, according to equation (5) using as the number of
test portions, n, either 4 or 2.

b) details necessary for the identification of the sample;
c) result of the test;

d) reference number of the resuit;

e) any characteristics noticed during the determination,

and any operation not specified in this International Stan-
dard which may have had an influence on the results.
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Four examples are shown in tables 4, 5, 6, and 7. Table 4 is a
test report for moisture measurement on a test portion. Table 5
is mainly used for the calculation of moisture content of a con-

signment from subsamples obtained by mass-basis sampling,

while table 6 is used for time-basis sampling. Table 7 is a test
report for determination of moisture content of a consignment
on four test portions taken from the gross sample.

Table 4 — Example of a test report for values of moisture measurement on a test portion

Type of iron ore:

Identity and quantity of consignment:

Sample No.: Minimum mass of test portion: 5 kg Whole-through sieve size of test portion: 22,4 mm Date:
Total mass before drying (g) (1) 6 015
Mass of drying pam (g) (2) } 950
Initial mass of test|portion (g) 3 =(1 - (2 5 065
Value of 0,05 % of initial mass of test portion {(g) 4) = ﬂ 2,5
2 000

mass diffprence *
Total mass after 4 | drying (g) (5) 5 805
Total mass after further 1 h drying (g) (6) 5 795 (5) |- (6) 10
Total mass after aother 1 h drying (g) (7] 5 793 67 2
Final drying loss (d) 8) = (1)=\N7) 22
Value of moisture [neasurement, w; (%) 9) = % x 100 4,38
Remarks : Method of weighing (see 7.2)
Assayer:

* The difference {§) — (6) was 10 g and exceeded (4), consequently another 1 h drying\was conducted. The difference (6) — (7) became 2 g and

was less than {4). Therefore, the drying of this test portion was terminated.
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Table 5 — Example of recording and calculating procedure for determination of moisture content of a consignment
from subsamples (mass-basis sampling)

Ref. No. : Method used : ISO 3087 l Method of weighing (see 7.2)
Sample No.: Minimum mass of test portion: 5 kg Whole-through sieve size of test portion: 22,4 mm
Date: Type of iron ore: Name of consignment: Assayer:
7
(1) (2) (3) (4) (51=1{2)~(4) | (6) =B} -4} | (7} =(B)~(6) | (B)= % x 100 9)
Total Total L Results of
Sub- Number mass mass Mass Initial mass Mass of Drying moisture
sample of in- bef af of of test dried test i Jetermination (1) x (8)
No. TTETTETS drying drying —arying parn POTtioT poTtion 033 W '
(g) (g) (g) (g) (g (g) (%)
1 5 6 015 5793 950 5 065 4843 222 4,38 21,90
2 5 6110 5 895 953 5157 4942 215 4,17 20,85
3 5 5970 5 755 946 5024 4 809 215 4,28 21,40
4 6 6 280 6 060 955 5325 5 105 220 4,13 24,78
5 6 5970 5 750 948 5022 4 802 220 4,38 26,28
6 5 6 021 5804 951 5 070 4 853 217 4,28 21,40
7 5 6123 5 905 953 5170 4 952 218 4,22 21,10
8 6 6 378 6 154 949 5429 5 205 224 4,13 24,78
Total 43 182,49
(9}
Moisturg content of consignment, w (%) = —%——— = 18?7’49 = 4,24 = 4,2
(1)

Remarkg :
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Table 6 — Example of recording and calculating procedure for determination of moisture content of a consighment
from subsamples {time-basis sampling) ‘

Ref. No.: Method used : 1ISO 3087 | Method of weighing (see 7.2}
Sample No. : Minimum mass of test portion: 5 kg 1 Whole-through sieve size of test portion: 22,4 mm
Date: Type of iron ore: ) Name of consignment: Assayer :
(1 (2) (3) (4) B)=1(2)—(4) | (6) =(3) —(4) | (7}=1(B)—(6) | (8) =% x.100 9)
Total Total - Results of
Sub- Mass mass mass Mass Initial mass IV_lass of Drying - moisture
sample of the hef aft of of test dried test loss ination (1) % (8)
No. ith ]1211 drying dryif]‘;;—-dwmg'pm\ portion poTtion W,
4 (g) (g) (g) (@) (g} ~Hg) (%)
1 1 520 6 105 5873 951 5154 4922 232 4,50 6 840
2 17110 6 007 5 785 950 5 057 4 835 222 : 4,39 7 607
3 1 565 6 130 5 906 953 5177 4953 224 4,33 6 776
4 N 1478 | 5983 5 760 949 5 034 481 223 44"4,43 6 548
5 1330 6 042 5 807 952 5 090 4 855 235 4,62 6 145
6 1623 6 112 5916 948 5 164 4968 196 3,80 6 167
7 1 %87 5980 5 760 952 5028 4808 220 4,38 6 951
8 1431 6210 6 003 950 5260 - 5 053 207 3,94 5 638
Total 12 244 52 572
9
Moisture content [of consignment, #w (%) = Z——) - 5252 4,29 = 4,3
(1) 12244
Remarks :
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Table 7 — Example of test report for determination of moisture content of a consngnment on four test portions
taken from the gross sample

Type and.grade of iron ore:

Identity and quantity of consignment:

Sample No.:

Minimum mass of test portion: 5 kg LWhole—through sieve size of test portion: 22,4 mm

Date:

Total mass before drying (g) (1} 6 004 6 015 5970 5 988
Mass of drying pan {g) (2) 957 950 946 948
Initial mass of portion {g) (3)=1(1) - (2) 5047 5 065 5024 5 040
Value of 0,05 % of initial 4) = (3} 25 2.5 25 25

mass of test portion (g} 2 000

mass gifference | mass | anference | mass | Jifference | Jmass difference

Total mass after 4 h drying (g) (5) | 5800 5 805 5768 b 791
Total njass after further 1 h

drying (g) 6) | 5793 | (B)—-(6)7 | 5795 | (5)— (6} 10 { 5757 | (5}~ (B} 11 ( B 779 | (5) — (6} 12
Total mass after another 1 h

drying (g) (7) ] 5792 | 6)—(7}1 | 5793 | 6)~(7) 2| 5755 (N6V—-(7) 2 | B777 | 6)—{(7) 2
Final drying loss (g) (8) = (1) - (7) 212 222 215 211
Moistule content of each @) = 8 % 100 4,20 438 4,28 4,18

test gortion (%) (3)
Range [%) 0,20
Repeatpbility (%) x 1,3 (table 3) 0,33
Moistufe content of consignment (%) 420+4,38 : 428+418 4,26~4,3

Remarlis :

Method of weighing (see 7.2}

Assayel’ H
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Annex A

Determination of moisture content of adhesive or wet iron ores

(This annex forms an integral part of the Standard.)

A.0 When it is difficult to conduct sieving, crushing and
dividing owing to a sample being adhesive or excessively wet,
the sample may be pre-dried until preparation can be con-
ducted without difficuity.

A.5  Prepare the test portions for moisture measurement
from the pre-dried sample according to clause 6.

In this case the noisture content of the consignment shall be

obtained by using
A.1to A8

A.1 Determine

A.2 Spread th
in air or in a dryin
105 °C. The choi

the pre-drying method as specified in clauses

the initial mass of the test sample.

b test sample in a uniform thickness and dry it
g apparatus at a temperature no higher than
e of temperature and time for this pre-drying

stage shall not exgeed a point where an ore is likely to reabsorb
moisture during subsequent processing.

A.3 After pre-firying, determine the mass of the test sample
again.

A.4 Calculate fhe pre-dried moisture content, w,, expressed
as a percentage by mass, of the test sample using equation (6}

M
p m{l

x 100 (. .(6)

where
my s the inilal mass, in grams, of the test-sample;

m5 is the mass, in grams, of thetést sample after pre-

drying.

A.6 Determine the drying loss of the test portion|according
to clause 7 and calculate the additional moisturé content,
expressed as a percentage by mass, according)to 8|1. :

A.7 Calculate the total (as received) moisture corjtent, wq,
expressed as a percentage by-mass, of the test sample using
equation (7)

100 ~#, w,

100 X Wy ’ [P (7)

Wpd = Wp +

where wy is the additional moisture content obtained according
to 8.1 after pre-drying, expressed as a percentage Hy mass.

NOTE, —Attention shall be paid in handling the sample and weighing
the initial mass and pre-dried mass of the sample in order t9 ensure the
measurement precision of the pre-dried moisture content,|

A.8 Determine the moisture content, as a perdentage by
mass, of the consignment according to 8.2.

A.9 If the mass of the moisture sample is notllarge, the
entire quantity of the sample may be dried to cdnduct the
moisture determination according to the method specified in
the body of this International Standard.
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Annex B

Corrections for sprinkled water and/or rain-water

(This annex forms an integral part of the Standard.)

B.0 Introduction

Nowadays, in many countries, strict environmental regulations
must be observed in the |ron ore and stee! |ndustry When

B.2.3 Mass of consignment

The mass of the consignment, m,, in tonnes, as received or as
despatched may be determlned by calculation of the difference

or by a method agreed between the parties

procedufe specified in this annex, for the mass of water
sprinkled.

The anngx also describes a method for correcting the moisture
content pf a consignment containing rain-water.

B.1 General

B.1.1 |Water is sprinkled for the following reasons:

a) gnvironmental regulations at loading and/or unloading

DOl’tl,
b) difficulty of handling iron ores due to characteristics
weather conditions, handling equipment, etc.

B.1.2 |Correction for rain-water is made when.it\significantly
affects the moisture content of the consignment.

B.2 (orrections for sprinkled water

B.2.1 [Sprinkied water,

Water rgfers to water sprinkled in the vessel holds and/or any
sections|extending to ‘a’point where moisture samples are taken
at a disgharging port. In the case of loading, water can also
refer to ater sprinkled in the holds and/or on the loading con-
veyors r|unning after the point where moisture samples are

taken.

B.2.4 Calculation of méjsture co
for sprinkled water during unloadi
prior to taking mojsture samples

The moisture content of the consignment,
percentage by mass, corrected for sprinkle

nd final draft survey,
L concerned.

ent corrected
g operations,

wg, expressed as a
] water, is given by

equation (8)l.and reported to the first decimal place

L _, M3
we= w — (100 — w) — f ... (8}
my

where

w is the mean value of the moisture cantent, expressed as
a percentage by mass, of a sampld taken containing
sprinkied water, calculated to the second decimal place;

mg3 is the mass, in tonnes, of sprinkied water;

my is the mass, in tonnes, of the consignment as received
without sprinkled water, as determined|in B.2.3;

f s a factor to correct for water lost dyring sprinkling. The
value of fis decided by a commercial agreement between
the parties concerned.

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

Two methods of correction for sprinkled water both before and
after sampling points are mentioned in this clause.

B.2.2 Measurement of sprinkied water

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

NOTE — Fresh water is assumed to have a density of 1 t/m3.

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

- _, m3
wg = w + (100 — w) — f ... (9
my

where

w is the mean value of the moisture content, expressed as
a percentage by mass, of a sample taken prior to sprinkling,
calculated to the second decimal place;

my is the mass, in tonnes, of sprinkled water;
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m, s the mass, in tonnes, of the consignment containing
sprinkled water, as determined in B.2.3;

f isafactor to correct for water lost during sprinkling. The
value of f is decided by a commercial agreement between
the parties concerned.

B.3 Corrections for rain-water

B.3.1 Rain-water

The moisture content of the consignment shall be determined

B.3.5 Mass of rain-water

The mass, mpg, in tonnes, of rain-water is given by
equation {10); and rounded off to the nearest unit

ARpo

... (10
1000 1o

Mmp =

where

A is the effective area, in square metres, exposed to the
rain as calculated in’ B.3.2;

from the as-tested moisture content by alfowing for the influx
of rain-water into|the vessel’s hold(s) and/or on to the handling
equipment during both loading and unloading operations.

Two methods of orrection for rain-water both before and after
sampling points gre mentioned in this clause.

B.3.2 Effectiye area caught in the rain

The effective arga exposed to the rain shall be calculated by
adding up the an]as specified in B.3.2.1 to B.3.2.3, rounded to
the nearest squage metre.

B.3.2.1 Hold(s

The open area, ir
the consignment
the basis of thg
vessel.

B.3.2.2 Surge

The open area, i

square metres, of the hold(s) through which
is exposed to the rain, shall be calculated on
drawings provided on board the carrying

hopper(s)

square metres, of the hopper{s) used during

handling the corjsignment and exposed to the rain, shall be

calculated on the

B.3.2.3 Belt cd

basis of drawings of the hopper{sj

nveyor(s)

The open area, in square metres, of the-belt'conveyor(s) shall

be calculated by
length exposed tg
ment between th

multiplying the effective belt width by the
the rain during transportation of the consign-
b vessel and the/point where moisture samples

are taken.

B.3.3 Duratign of rainy periods

The duration of rj

iny-periods shall be determined from the time
of the opening o S ati i

The initial draft survey shall be performed prior to opening of
the hatches. In case of a multiple-port discharge of a consign-
ment, the period at the other port(s) prior to the port under
consideration shall be taken as the time when the hatches are
open during unloading operations at each port. Each period
shall be determined separately.

B.3.4 Amount of rain-water

The amount of rain-water shall be determined by means of an
approved rain gauge placed close to a loading or an unloading
port. The amount of rain-water shall be measured in millimetres.

10

R—is-the-ameunt—inmillimetres—of-rain-watergbtained in
B.3.4; ‘ ‘

© is the density, expressed in tonnes per-cubi¢ metre, of
rain-water (usually 0 = 1 t/m?3).

B.3.6 Calculation of moisture content c<trected
for rain-water during unloading operationp, prior
to taking moisture samples

When a consignment,is partially or totally exposed |to the rain
during unloading operations prior to taking moisture samples,
the moisture conténty wg, expressed as a percenta$ by mass,
of the consighment corrected for rain-water is| given by
equation (11).and reported to the first decimal plac

W

_ _, MR '
wg =w — (100 — w) — L

my
where

w is the mean value of the moisture content, eqpressed as
a percentage by mass, of a sample taken contgining rain-
water calculated to the second decimal place;

mpg is the mass, in tonnes, of rain-water ;

my is the mass, in tonnes, of the consignment gs received
without rain-water, as determined in B.2.3.

B.3.7 Calculation of moisture content corrected
for rain-water during loading operations, after
taking moisture samples

When a consignment is partially or totally exposed [to the rain
during loading operations after taking moisture samples, the
moisture content, wy, expressed as a percentage by mass, of
the consignment corrected for rain-water is |given by

— _ Mg
wg = w + (100 — W) — ... (12)

ny
where

w is the mean value of the moisture content, expressed as .
a percentage by mass, of a sample taken prior to rain
calculated to the second decimal place;

mpg- is the mass, in tonnes, of rain-water ;

m, is the mass, in tonnes, of the consignment containing
rain-water, as determined in B.2.3.



https://standardsiso.com/api/?name=ed5b984cbb95944b2636df8670ffea9c

