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Introduction

Size analysis involves the separation of a sample of coal(intd size fractions
having defined limits. In the methods described in thisZIntefnational Stan-
dard the results are expressed in terms of the percentage| mass of coal
remaining on sieves of different aperture sizesThis information can be
of use in a number of applications, including the’following: @ssessing the
yields of products from run-of-mine coals; providing design data for coal
preparation plants; checking that products-from screening plgnts are within
the required limits; assessing the perfarmance of coal-crushipg plants; and
selecting coals for particular processes and equipment.
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Hard coal — Size analysis by sieving

1 Scope

This Intern
ods for th
(wet or dn
tween 125
given in an
sieving are

This Intern
coals. It is
tured fuels

In the cass
so that a

ational Standard specifies reference meth-
b size analysis of coal by manual sieving
), using test sieves of aperture sizes be-
mm and 45 um. A guide to sampling is
hex A and notes on the use of mechanical
given in annex B.

ational Standard is applicable to all hard
not applicable to coke or other manufac-

of pulverized coal which has been ground
high proportion passes through the test

sieve of gmallest aperture size, the methods de-
scribed in [this International Standard will determine
only the pgrcentage oversize.

2 Norn

The follow
through re
of this Int
cation, the
are subjec

ative references

ing standards\contain provisions which,
ference in this text, constitute provisions
prnational. Standard. At the time of publi-
editions_indicated were valid. All standards
t to\.revision, and parties to agreements

based on this)International Standard are encouraged

ISO 3310-1:1990, Test sieves,— Tect
ments and testing — Part {x-Test sie
wire cloth.

ISO 3310-2:1990, Test-sieves — Teckt
ments and testing.—Part 2: Test sieveq
metal plate.

3 Definitions

For the purposes of this International
definitions given in ISO 1213-1 and ISO

4 Apparatus

4.1 For all methods

4.1.1 Test sieves, exclusively round-h
ively square-hole, complying with I
ISO 3310-2, as appropriate.

NOTES

1 The recommended series of test sieves
poses is 125 mm, 90 mm, 63 mm, 451

nominal aperture sizes, square-hole, or the
round-hole sieves. If this series is inadequa
of graded coals, sieves from the supplg
100 mm, 80 mm, 50 mm, 40 mm, 25

22,4 mm, 16 mm, 11,2 mm, 8 mm, 5,6 ‘mLm

nical require-
ves of metal

nical require-
of perforated

Standard, the
1213-2 apply.

ple or exclus-
O 3310-1 or

or general pur-
nm, 31,5 mm,
and 4 mm
same sizes of
for the sizing
mentary sizes
mm, 20 mm,

12.5 mm, 10 mm and 6.3 mm may be incl

ded. For sam-

to investigate the possibility of applying the most re-
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

ISO 1213-1:1993, Solid mineral fuels — Vocabulary
— Part 1: Terms relating to coal preparation.

ISO 1213-2:1992, Solid mineral fuels — Vocabulary
— Part 2: Terms relating to sampling, testing and
analysis.

ISO 1988:1975, Hard coal — Sampling.

ples containing pieces having a particle size greater than
125 mm, single-hole gauges of the required dimensions
may be used for the larger pieces. Test sieves of nominal
aperture size 4 mm and less should be of metal wire cloth;
the recommended series of nominal aperture sizes is
4mm, 28 mm, 2mm, 1,4 mm, 1 mm, 710 pum, 500 pum,
355 um, 250 yum, 180 um, 125 um, 90 ym, 63 um and
45 um.

2 When a complete size analysis is required, it is prefer-
able, subject to the range of sieve aperture sizes available,
that the mass of coal in any size fraction does not exceed
30 % of the total mass of sample being sieved. The largest
aperture size sieve should be that on which not more than
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5 % mass fraction of the sample is retained and the small-
est aperture size sieve should be that through which not
more than 5 % mass fraction of the sample passes.

3 ltis important to check the sieves from time to time, by
the methods described in ISO 3310-1 and 1SO 3310-2, to
ensure that the aperture dimensions are within the specified
tolerances. Worn or damaged sieves can give rise to serious
errors in size analysis and should be discarded.

4.1.2 Receivers, for collecting material passing
through the sieves.

© [SO

table A.1. If the gross sample is to be dried and div-
ided, the division shall be carried out first whenever
practicable. If no preparation is necessary, the test
sample is the gross sample.

5.2 Drying

Air-dry the sample either at ambient temperature or
at an elevated temperature not exceeding 50 °C. Cool,
if necessary, and allow the moisture content to come
to equilibrium with the laboratory atmosphere.

413 Weithng machine, capable of measuring the
mass of the |[sample to be sieved to the nearest
0,1 %.

4.1.4 Three ftrays, smooth, of noncorrodible ma-
terial, at least 400 mm x 400 mm.

NOTE 4  Glazgd paper may be used if trays are not avail-
able.

4.1.5 Watch- or clock-glasses.

4.2 For dry|sieving
4.2.1 Lids, tg fit the test sieves.

4.2.2 Flat brush, for cleaning the sieves and for
brushing dust from the trays.

4.2.3 Hardwood block, about 150 mm long with a
10 mm x 10 mm cross-section, for tapping the
sieves.

4.2.4 Shovel|or scoop.

4.3 For wet sieving

4.3.1 Buchndr funnel.

4.3.2 Buchner flask.

NOTE 5 If caking or swelling tests are to.be [carried out
subsequently on the sample, the drying temperature should
not exceed 40 °C.

5.3 Division (other than'wet coal of nominal
top size less than 4 mm)

Provided that the sample does not contain|pieces of
particle size greater than 16,0 mm, divide the sample
by means of a.Suitable mechanical sample|divider or
riffle, which, Will not give biased divided|samples,
avoiding size- degradation and loss of dust. If the
sample .eohtains pieces of particle size gregater than
16,0.mm, use either the flattened heap method or the
stripy mixing and splitting method desgribed in
ISO 9411-1. Weigh all the coal not includgd as part
of the test sample and retain it until all andlyses and
calculations are complete.

5.4 Division of wet coal of nominal top size
less than 4 mm

Spread the gross sample on a clean flat surface, form
into a cake 15 mm to 25 mm thick and |extract a
2 kg divided sample by taking not less tHan 50 in-
crements, evenly spread over the cake, using an ap-
propriate sampling scoop. If further djvision is
necessary, air-dry the divided sample firdt, as de-
scribed in 5.2 and then proceed as described in 5.3.

6 Procedure

4.3.3 Filter paper.

4.3.4 Oven, capable of being controlled to + 2 °C in
the range 30 °C to 110 °C.

5 Preparation of test sample

5.1 General

Drying is necessary if the coal is wet and dry sieving
is to be performed. The gross sample may be divided
if its mass greatly exceeds the value given in

6.1 General

The analysis shall be carried out by dry sieving (6.2)
or by wet sieving (6.3).

If the mass of the undersize greatly exceeds the value
given in table A.1, divide it by means of a suitable
mechanical sample divider or riffle, which will not give
biased divided products, or by the flattened heap
method or the strip mixing and splitting method de-
scribed in ISO 9411-1, avoiding size degradation and
loss of dust.
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NOTES

6 In general, dry sieving is suitabie for most types of coal
but wet sieving should be used if particles tend to agglom-
erate.

7 A combination of wet sieving (to remove fine material)
and dry sieving may be appropriate and an example is given
in annex C.

8 The range of sieves used will depend on the type of coal
and the purpose of the test. For example, a complete size
analysis may be required for a run-of-mme coal or, in the

ISO 1953:1994(E)

6.2.2 Sample of maximum particle size between
4 mm and 45 mm

Weigh the sample to the nearest 0,1 %. Position the
largest aperture size sieve in the set (4.1.1) over an
empty receiver (4.1.2). Move the sieve horizontally to
and fro, with the displacement not exceeding
100 mm in either direction, so as to cause the pieces
of coal to tumbie or roii on the sieve.

NOTE 12 When using square-hole sieves, the sides of
ra t

he direction of the sieving

sumplest cage; HRers :
may be reqdiired. If the results are to be presented graphn—
cally, the rapge of sieves should comprise at least five dif-

ferent aperttre sizes.

9 During dieving it may be convenient either to weigh
separately dach container with its size fraction and to sub-
tract the miass of the empty container or to weigh one

container with the fraction corresponding to the largest ap-
erture size fnd to add successively all the other fractions,
noting the gumulative mass after each addition. The first

ever, if a detailed analysis of the individual size
fractions is flequired, it is essential to use the first technique.
10 A preliminary sieving on the smallest aperture size
sieve is redommended when the sample contains a large
proportion df very fine material.

6.2 Dry sieving

6.2.1 Sample of maximum particle-size greater
than 45 mm

Weigh the| sample to the nearest0,1 %. Position the
45 mm apprture size sieve4.1.1) over an empty re-
ceiver (4.1.2) so that the Sfree fall of coal passing
through thie sieve into-the receiver does not exceed
160 mm. Place the{coal on the sieve and move the
coal by hapd untikno more passes through the sieve.
Hand place thefparticles which still remain on the
sieve.

Continue the sieving motion until €ight movements in
each direction (a total of sixteen* movements) have
taken place after the last {undersize [piece passes
through the sieve. Avoidrany impact when stopping

PP

the motion

Place the coal remaining on the sieve|in a weighed
receiver and reweigh to obtain the mags of the size
fraction.

Resieve.the undersize by repeating the above process
for each’sieve down to and including the 4 mm aper-
tureZsize sieve. If analysis of the undefsize from the
4“nm aperture size sieve is required, proceed as de-
scribed in 6.2.3.

6.2.3 Sample of maximum particle size less than
4 mm

6.2.3.1 Weigh the sample to the negrest 0,1 %. If
the sample contains a large proportior|] of fine dust,
remove the dust by proceeding as descrjbed in 6.2.3.2
to 6.2.3.6 and then continue as descrilyed in 6.2.3.7.
Otherwise, proceed as described in 6.2{3.7.

6.2.3.2 Place the smallest aperture sige sieve in the
set (4.1.1) on a receiver (4.1.2), brush the sample onto
the sieve, fit the lid (4.2.1) and sieve cgntinuously for
5 min, as described in 6.2.3.3, to remqve the under-
size. If the sample is large, sieve il as separate

NOTE 11 “Hand placing” refers to the operation defined
in 1ISO 1213-2:1992, 3.73.

Resieve the oversize from the 45 mm aperture size
sieve, in the same fashion, on the larger aperture size
sieves in the set (4.1.1), starting with the largest ap-
erture size and working down to the smallest. Collect
each size fraction in a weighed empty receiver and
reweigh to obtain the mass of each individual fraction.

Sieve the undersize from the 45 mm aperture size
sieve as described in 6.2.2.

portions so that not more than /5 % of the area of the
sieve is covered at the end of each sieving operation.

6.2.3.3 Hold the receiver, fitted with the sieve and
its lid, in the left hand so that the surface of the sieve
is inclined downwards towards the left at an angle of
about 30° to the horizontal. Tap the higher side of the
sieve frame six to eight times with the hardwood
block (4.2.3). While maintaining the inclination of the
sieve, shake the assembly to and fro several times,
also rotating it in the plane of the sieving surface
through an angle of approximately 60°.
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NOTE 13 During the shaking operation the assembly
should be held Ioosely between the hands, the movement
of the arms being from the eibow joints. it wili then be
possible to rotate the sieve with the fingertips whilst it is

being shaken.

Continue the operations of tapping and shaking alter-
nately for 5 min.

6.2.3.4 At the end of the 5 min sieving period allow
the suspended dust to settle for 2 min, carefully re-
move the lid and lift the sieve from the receiver. Invert

© SO

size fraction. Add the undersize obtained from the in-
itial separation to that from the final sieving before
weighing.

6.2.3.10 After weighing, return each individual size
fraction to the corresponding sieve, repeat the sieving
cycle described in 6.2.3.7 and 6.2.3.8 and then re-
weigh each size fraction as described in 6.2.3.9. Con-
tinue this process until the difference between the
two weighings for any size fraction, after consecutive
sieving cycles, does not exceed 0,2 % of the total
mass of coal being sieved.

the sieve over
with the hardwood block and carefully brush the up—
permost surfage of the inverted sieve with the flat
brush {4.2.2). Turn the sieve the right way up and add

any loose partjcles dislodged during brushing to the
oversize on the tray.

6.2.3.5 Invert| the receiver over a second tray
(4.1.4), tap the| receiver with the hardwood block and
brush out any gdherent dust.

6.2.3.6 If fing
place the sieve

dust is still visible in the oversize, re-
on the receiver, transfer the oversize

from the first [tray to the sieve, replace the lid and

resieve as deg
Separate the
the sieve as dg
material which|

cribed in 6.2.3.3 for a further 5 min.

gieve and the receiver and again clean

scribed in 6.2.3.4. Add the dust to the
passed through the sieve during the

first 5 min peripd.

NOTE 14 In most cases the sample will now be-sif=
ficiently free frogn dust to allow a complete size analysis to
be carried out rapidly.

6.2.3.7 Assemble the appropriate sieves 4.1.1) in a
nest, in descepding order of apertufe)size, and fit a
receiver (4.1.2). Place the sample)or the oversize
from the procgss described in.6:2.3.2 to 6.2.3.6, on
the top sieve. |Shake the nest\of sieves for a period
of 5 min.

6.2.3.8 At th¢ end-of the 5 min period clean each
sieve in turn, tartmg with the smallest aperture size
sieve, by invertin
side of the frame with the hardwood block (4.2.3) and
carefully brushing the uppermost surface of the in-
verted sieve with the flat brush (4.2.2). Turn the sieve
the right way up and add any loose particles dislodged
during the brushing to the oversize on the tray. Return
the sieve to the nest and transfer the material on the
tray back to the sieve.

6.2.3.9 Repeat the process described in 6.2.3.7 and
6.2.3.8 twice, but after the final cleaning of the sieves
transfer the material from the trays to the watch- or
clock-glasses (4.1.5) and determine the mass of each

6.3 Wet sieving

6.3.1 Support the largest aperture’ size sigve in the
set (4.1. 1) over a receiver (4.1.2), transferi it about
30 g of the sample and thoroughly wash this portion
with a jet of water. Inspect the portion for|the pres-
ence of aggregated particles and, if thesg are de-
tected, spray vigorously to effect their breadown but
take care not ta overspray, thus causing the disinte-
gration of shale. Add the remainder of the sample to
the sieve inuapproximately 30 g increments| washing
the undersize in each portion through into the re-
ceiverCheck whether all the fines have been washed
through the sieve by collecting some of the |washings
inva second receiver and examining them flosely. If
any solids are present, add them to the firgt receiver
and continue the washings until all the fjnes have
been washed through.

6.3.2 Place the sieve and its contents on a tray
(4.1.4) and dry as described in 5.2. When dny, tap the
sieve two or three times and transfer any material
which collects on the tray to the next sieye (with a
smaller aperture size) in the set. Brush ouf both the
top and bottom of the first sieve, collecting|the over-
size on a tared watch- or clock-glass (4.1.5)| Reweigh
the watch- or clock-glass to obtain the mass of the
size fraction.

6.3.3 Support the next sieve in the set ovgr another
receiver and pour the contents of the first receiver
- Wash any solids remaining in the first receiver
onto the sieve, using a jet of water. Continue washing
the material on the sieve until all the fines appear to
have been washed through. Check whether this is so,
as described in 6.3.1, then proceed as described in
6.3.2.

Repeat this process with each of the remaining sieves
in turn.

Should the quantity of water in the washings become
excessive, allow the solids to settle and decant a
portion of the water. Examine the decanted water to


https://standardsiso.com/api/?name=687a78efad7526182bf3aa64e57fd8f3

© ISO

ensure that it contains no solid material before dis-
carding it.

6.3.4 Add a flocculating agent to the final washings
and allow the solids to settle. Decant and discard as
much of the water as possible and filter through a
weighed filter paper (4.3.3) using the Buchner funnel
(4.3.1) into the Buchner flask (4.3.2). Dry the filter pa-
per and its contents to constant mass in the oven
(4.3.4) controlled at a temperature of 105 °C to
110 °C. Subtract the original mass of the filter paper
to obtain the_mass of the fine material

ISO 1953:1994(E)

7.2 Graphical presentation

The presentation of fractional size analyses in graphi-
cal form presents difficulties in interpretation, in that
the size range of each fraction is seldom uniform. If
graphical presentation is required, it is recommended
that the cumulative percentage of material remaining
on each sieve is plotted, as ordinate, against sieve
aperture size, as abscissa.

Linear scales are not usually satisfactory except when

NOTE 15 | When the total mass of the sample is known,
this determfination of the undersize serves as a useful check
on the effitiency of the sieving and should, therefore, be
carried out whenever possible (see also note 4 to 6.1).

7 Expression of results

7.1 Cal¢ulation

Calculate fthe mass of the size fraction retained on
each of the different sieves as a percentage of the
total masq of the test sample.

Record the percentages, to the nearest 0,1 %, both
fractionally and cumulatively. In most cases it will be
most conyenient to commence with the fraction of
largest sige but for a sample for which there is par;
ticular intgrest in the amount passing through, the
sieves, it may be preferred to start with the fraction
of smallegt size. If the analysis has been performed
on a numbper of replicate samples, calculate the mean
percentage of each size fraction.

Adjust thg mass of the smallest-size fraction to take
account of any loss or gain inm.the total mass of the
test sample after sieving. If;-hdwever, in any test the
loss or gdin in mass exceeds 1 % of the total mass
of the tes] sample, rejectthe results of that test.

If, during the course’ of a size analysis, the mass of
undersize fis reduced by sample division, calculate the
mass of gach of the subsequent fractions as a per-
centage o t f
division. An example of the calculation of a size
analysis involving sample division is given in table 1
and the sieving procedure is shown schematically in
figure 1.

If replicate sampling of an isolated consignment has
been carried out, calculate the precision achieved in
accordance with 1ISO 1988:1975, C.4.4.

the size range-islessthan two orders of 10. A log-

arithmic abscissa scale or a Rosin=Rammler type of
plot should be used whenever pgssible. The ordinate
for a Rosin—Rammler plot is |g-(lg 100 [~ Ig R), where
R is the cumulative percentage’ of matgrial remaining
on each sieve, and the abscissa is the logarithm to
base 10 of the sieve aperture size. None of the graphs
should be extrapglated outside the| experimental
range. An example *of a Rosin-Rammler plot, using
the data in table'¥, is given in figure 2.

8 Test report

The test report shall include the following information:
a) the identification and mass of the gample;

b) a reference to this International Standard;

c) details of any sample preparation carried out;

d) details of the test sieves used;

e) whether dry sieving or wet sieving was carried
out;

BN percentage

the percentage mass, or the me

g) if replicate sampling of an isolated consignment
has been carried out, the precision achieved,;

h) any operation not included in this International
Standard, or regarded as optional;

i) the date of test.
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Weigh 63,0 mm sieve ittty
i
]
]
|
Test sample | Weigh I Weigh 8,0 mm sieve
i
]
]
|
45,0 mm sieve ! Weigh 5.6 mm sieve
i
]
[}
Divide E Weigh 4,0 mm sieve
|
1
i
Weigh 31,5 mm sieve E Divide
|
|
i
Weigh 22,4 mm sieve E Weigh 2,8 mm-sieve
i
[}
i
Weigh 16,0 mm sieve | Weigh 2,0 mm sieve
|
|
i
i
Weigh 11,2 mm sieve I \(Weigh 1.4 mm sieve
|
{
T
|
Divide | Weigh 1,0 mm sieve
i
1
[}
-

Weigh undersize

Figure 1(—"Schematic diagram of a sieving procedure
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Figure 2 — Graphical presentation of a size analysis
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Annex A
(informative)

Guide to sampling

NOTES

The samy
ISO 1988,

a) the n
masseg
pling,
ISO 9
sampl|

b) the m

le should be taken in accordance with
subject to the following provisions:

imber of increments and the increment
s, for both manual and mechanical sam-
should comply with the requirements of
111-1.—, Solid mineral fuels — Mechanical
ng from moving streams — Part 1: Coal.

nimum mass of the gross sample should

H6—WhernusmgTmechanicat—sam
breakage of coal whilst collecting the-sa

re is a risk of
ple. Therefore,

samples for size analysis should preferably be taken by

manual sampling. However, if manual sam
cable or unsafe, the method of .mechanica
should be checked for bias (inyaccordance
using size distribution as_the variable.

ling is impracti-
sampling used
with ISO 1988

17 The sampling for size analysis of stationary coal con-

tained in wagons, ships and stockpiles, esq

ecially that hav-

ing a nominal,top size greater than 80 mm, is not
recommended:) Reliable results can only pe obtained by

taking the‘sample during loading or unloag

ing, or building

up or breaking down in the case of stockpilgs, using one of

comply with table A.1. the methods for sampling from a stream of|coal.
Table A.1 — Minimum _mass of gross sample
Minimum mass of gross sample
Nominal top size of coal
Absglute precision + 1 % Absolute precision + 2 %

mm kg kg

125 4 000 1 000

90 1 500 400

63 500 125

45 200 50
31,6 65 15
22,4 25 6

16 8 2
152 3 0,70

8 1 0,25

56 050 0,25

4 0,25 0,25

2,8 0,25 0,25

NOTE — The minimum masses have been calculated on the basis of the precision of the determination of oversize, i.e. the
amount of coal larger than the nominal top size. The precision for other size fractions will usually be better.



https://standardsiso.com/api/?name=687a78efad7526182bf3aa64e57fd8f3

ISO 1953:1994(E)

A.2 Handling and transport of samples

Since the size distribution of coal changes during
conveying, screening and loading, it is important to
take the sample at the point in the operations at
which the size analysis is required. If the result of the
analysis of a sample is to be representative of the size
distribution of the lot, it is essential that breakage
during the handling and transport of the sample be
minimized. Increments shall be placed gently in rigid

© SO

containers and the handling of these containers during
transport shall be as gentle as possible.

Large coal is particularly susceptible to breakage and
the methods employed for transporting and sieving
the sample wili have a marked infiuence on the size
analysis. The bias due to breakage can be reduced by
grading the larger pieces, having a particle size greater
than 45 mm, at or near the point of sampling by the

method described in 6.2.1.

10
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Annex B

ISO 1

(informative)

Use of mechanical sieving

If mechanical sieving is to be used, it is important to
demonstrate that this method is free from bias when

c)

953:1994(E)

The undersides of the sieves should be cleaned

after the initial 5-min period

compared|to the method (manual sieving) described
in this Intgrnational Standard.

The following recommendations apply to mechanical
sieving.

a) A satigfactory sieving action should be achieved
that maintains the particles in movement over the
entire [sieving area with minimum breakage.

b) The sieves should be shaken in nests only for an
initial period of 5 min.

d)

e)

Thereafter, the sieves should be)sh

aken individu-

ally for periods of 2 min, with.the uhdersize being

added to the next smallér-aperture
the set.

size sieve in

Sieving should be.continued until the change in
mass for any, size’ fraction after twmo consecutive
cycles does (not exceed 0,2 % of fhe total mass

of coal b€ing sieved.

1"
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Annex C
(informative)

© SO

Example of removal by wet sieving of fine material from a sample having a
maximum particle size less than 4 mm

C.1 Disperss

in a suitable ve

sure that the s{

NOTE 18 ltis
of wetting agent

Support the s

ssel (for example a beaker) makmg
mple is thoroughly wetted.

usually necessary to use a small amount

hallest aperture size sieve in the set

{(4.1.1) on a slitable receiver (for example, a large

beaker). Pour
and wash any
with clean wa
the sieve with
frame with a
fines have bes
lecting some of
examining then

he dispersed sample onto the sieve
residue in the vessel onto the sieve
er. Thoroughly wash the material on
b jet of water whilst tapping the sieve
iece of wood. Check whether all the
n washed through the sieve by col-
the washings in a second receiver and
h closely. If any solids are present, add

untll all the fmes have been washed througr.

C.2 Carefully place the sieve and its cont
tray (4.1.4) and dry in the oven (4.374) contn
temperature of 50 °C. When dry-invert the g
the tray and clean as descfibed in 6.2.3.8.

contents of the tray .as) described in 6

6.2.3.10, the bottom sieve in the nest bein
which the wet sieving-was carried out.

NOTE 19  Any\material which passes through t

sieve should be added, just prior to weighing, {
material which is recovered as described in C.3.

C.3\ Add a flocculating agent to the wash

washings

Bnts on a
plled at a
ieve over
Sieve the
23.7 to
g that on

he bottom
o the fine

ings con-

tdining the undersize material from the wegt sieving

and allow the solids to settle. Filter, dry and
fine material exactly as described in 6.3.4.

veigh the

12
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