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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. Each 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, governmental 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.
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Introduction

The results of float and sink testing, presented in tabular and graphical form, are the basis for the
provision of washability data.

The results of float and sink data from coal seam samples provide an estimation of the future quality
and yield of washed coal from the area of the coal lease where the samples were taken.

The results of float and sink data from coal seams and preparation plants are also used when designing
a new plant and /or redesigning an existing plant, and also in predicting, controlling and assessing the
performance of an existing plantin total or in part.

Where tests|other than those for routine control purposes are carried out, it is essential that|there
is precise instruction regarding size ranges and relative density fractions to establish ghe Scqpe of
information pnd accuracy required.

The following annexes provide new additional information in this revision as follows:
Annex A Drpp shatter - A pre-treatment of samples for float and sink testing;

Annex B W4t tumbling - A pre-treatment of samples for float and sink and testing;
Annex C Sample masses for float and sink testing;

Annex D Validation of data from float and sink analysis;

Annex E Intprpretation of data from float and sink analysis;

Annex F Gulde to the safe use of organic solutions.
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Coal — Determination and presentation of float and sink
characteristics — General directions for apparatus and
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Hocument specifies general directions for the apparatus and procedures, using rel
ation methods, for determining the float and sink characteristics of samples from)co
d, products and rejects from coal preparation plants.

ormative references

bllowing documents are referred to in the text in such a way thiatSome or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document(jneluding any amendmg

P13-1, Coal and coke — Vocabulary — Part 1: Terms relatiag to coal preparation

P13-2, Solid mineral fuels — Vocabulary — Part 2: Terms relating to sampling, testing a
D53, Hard coal — Size analysis by sieving

B909-1, Hard coal and coke — Mechanical samipling — Part 1: General introduction
B909-2, Hard coal and coke — Mechanical sampling — Part 2: Coal — Sampling from m(
B909-3, Hard coal and coke — Mechanical sampling — Part 3: Coal — Sampling from st
8909-4, Hard coal and coke — Mechanical sampling — Part 4: Coal — Preparation of te

8283, Coal and coke — Manual sampling

erms and symbols

htive density
hl seams and

their content
applies. For
ents) applies.

nd analysis

ving streams

ationary lots

st samples

For the purposes of this document, the terms and definitions given in ISO 1213-1 and ISO 1213-2 apply.
ISO apd IEC maintain terminological databases for use in standardization at the following pddresses:
— 1$0 Online browsing platform: available at https://www.iso.org/obp

— [EGElectropediaavailableathttp: /fwwwelectropediaorg/

4 Sampling

4.1 General

Samples for float and sink testing are mainly sourced from three major areas:

a) coal seams from underground and open cut mines;

b) coal preparation plants;

c) bore core.

©1S0 2022 - All rights reserved 1
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4.2 Sampl

€ mass

Sampling shall be carried out in accordance with ISO 13909-1, ISO 13909-2, ISO 13909-3 or ISO 18283.

The following standard sampling guides should also be considered:

a)

core samples of various diameters;

b)

parts of the plant such as cyclones.

ISO 14180: Typical samples are bulk raw coal samples, channel samples, rotary drilled cuttings and

[SO 4077: Typical samples are raw feed, clean coal and reject from the plant in total or from various

The minimu
plant requir
be aimed foj
Table 1 gene
practicable i

The mass of
quantities in
from a plant

out testing on a coal seam raw coal bulk sample at the larger sizes in Table-1, the sample may h

be the order
appropriate

For cores, pa
For this reas

crushed ply ¢r section prior to float and sink testing should beravoided. If these requirements cani

met, this fact

In coal prep
fractions. Cq
the recomm
requirement
ISO 4077 for

This docume
this clause, [
carefully as,

Samples wit
and organic
Consequentl
float and sin

It is assumed

T T3S Of Sample fronr coat seants {raw coat)and toat samptes fromra coat prepa
bd for float and sink testing are outlined in Table 1. The number of discrete partic
in any size fraction of the sample should not be less than 2 000. The masses giy

h the case of bore cores or some coal preparation plant products.

he coal seam bulk sample or large plant sample should be enough toscontain the min
each fraction as listed in Table 1. Where taking a coal seam bulk safiple or a large s
it is better to over-sample than to have insufficient material. However, in order to

of 10 tonnes, or even greater. For example, in a newly openéd mine, a trial shaft or
ocation, the mass of bulk sample taken should not be lesstlfan 10 tonnes.

ticularly small diameter cores the masses recommended in Table 1 are not often obt
on, core plies or sections should be selected as lavge as possible, and subdivision

shall be noted in the test report.

aration plants, some coals may give dow yields in the intermediate relative dg
nsequently, there may be insufficient ‘material for analytical requirements. In add
ended mass of the sample may have to be substantially increased to meet the foll
5: not less than 20 g and not lessithan 10 particles in each relative density fraction. Re
further guidance in this area,

nt strongly recommends that the sampling and preparation protocols and advice gij
articularly those relating to the mass of sample for float and sink analysis, are fol
f not, the resultantresults of any float and sink analysis can be compromised.

n different particle sizes contain particles with different proportions of mineral m
matters, which produces different washability (different float and sink distriby
V, it is critical that a representative sample of the relevant size distribution is provid
K testing.

that square-mesh particle sizes are used; if wedge-wire or round-hole sizes are use

ation
les to

ren in
Fally ensures that the number of particles is adequate. However, these masses‘may mot be

imum
hmple
carry
hve to
other

hined.
bf the
hot be

bnsity
lition,
wing
fer to

yen in
owed

htters
tion).
ed for

1, this

fact should |

e reported. When a bulk sample is being taken, it is better to over-sample than ta

have

insufficient material.

For testing on the top-sizes shown in Table 1, the bulk sample mass may be up to 20 t, and for other
sizes the mass is reduced according to the decrease in nominal top-size.

NOTE

The importance of enough sample mass and a method for the determination of the required mass

of a bulk sample is given in Annex C. For further information on sample masses for float and sink testing and
examples of calculations to determine masses needed at various size distributions, see Annex C. Refer to ISO 4077

for further gui

idance in this area.
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Table 1 — Minimum mass for a given size fraction

the size distribution and the ash mags:fraction of the raw coal coming from a working
ary during a shift, as well as fromday to day. It is essential that the duration of sam

Ay~

. . Sample massaP
Size fraction
kg
mm Raw coal Clean coal Reject
-125+ 63 2150 1810 2680
-63 + 31,5 300 250 370
-50 + 31,5 230 190 280
-31,5+16 40 34 50
-16+8 5.2 4.4 6.5
-8+4 2,0 2,0 2,0
-4 +2 2,0 2,0 2,0
-2+1 2,0 2,0 2,0
-1+0,5 2,0 2,0 2,0
-0,5+0,25 1,0 1,0 1,0

NOTE The basis for calculating the number of particles was as follows:

A Rosin and Rammler (Weibull function) size distribution was applied. to the default sample
parameters of X (size constant) = 30 mm, and n (slope) = 0,60. The number of particles within ea
fraction was calculated by fractionating each individual size fraction.by mass into 1 mm (or smalle
fractions. The volume of each particle in each sub-fraction wascalculated using the particle RD
above, and a shape factor of 1,25. Thus, if the size sub-fraction was'- 60,5 + 60 mm, the particle in t
fraction was assumed to have the following dimensions: 60 mmX*'60 mm x 75 mm.

a2  For control samples from a preparation plant as an @xample, where successive test results
averaged, the mass shown in Table 1 may be reduced byxapproximately one-half.

b The sample masses in Table 1 are calculated from the required number of particles and havj
calculated based on the following assumed particle’elative densities (RD): Raw Coal 1,60, Clean co
Reject 2,00 (see Annex C for calculation examplesto determine bulk sample masses).

ch size
r) sub-
stated
he sub-

can be

e been
hl 1,35,

using

h to cover such variations.

tal sample mass, m,, in kgrequired for a float and sink test is given by Formula (1):

o= %100

Ws

. Iisthewecommended mass of coarsest size fraction (from Table 1), kg;

s 1 the mass fraction of the coarsest size fraction in the sample, %.

4.3

Coal preparation plant products

face or mine

pling be long

)

Since the relative densities of some components, such as reject and middlings, are greater than that
of clean coal, the minimum masses of samples containing these components should be increased
proportionately. This ensures that these samples contain approximately the same number of particles
as the corresponding clean coal sample, and consequently a similar degree of accuracy will be obtained
in the test.

Samples should be taken as soon as practicable after the material leaves the cleaning unit, in order to
minimize breakage. Testing should then commence as soon as possible.

In sampling pulp, the mass of the (dried) solids should be in accordance with the requirements of
Table 1. Increments shall be taken at regular time intervals over the total cross-section of the pulp
stream, either manually or by mechanical means, using a sampling device having a capacity equal to at

© IS0 2022 - All rights reserved
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least twice that of the recommended minimum mass of increment. Care should be taken to ensur
none of the sample is lost by splashing.

For 4.3, 4.4 and 4.5, see also ISO 4077 which provides further advice on masses required for
products, control testing and efficiency tests and various combinations of all three items.

4.4 Plant control testing

Routine samples are taken regularly for the purpose of determining the average efficiency of a cle
plant. They may represent daily, weekly or longer periods of running. The mass taken may b

e that

plant

aning
e less

than that given in Table 1, depending on the reason for the test. However, if any dispute arises over the

accuracy of -

4.5 Comprehensive plant efficiency test

A comprehensive cleaning plant efficiency test involves a systematic mass balance, 0f all mat
entering and| leaving the plant. In this case, the mass and moisture fractions of the’raw feed, the
and moistur¢ fractions “as determined” of all cleaned products, discard, etc., and(the volume and
mass fractiops of the effluent will be required. The mass of all materials is\calculated to a un
moisture bagis, and the feed entering and products leaving the plant are balanced against each
The efficiendy of the cleaning plant is assessed from the actual and théeretical yields and ash
fractions. Thie analysis of the raw feed by computation from the masses.and analyses of all the pro
is more reliaple than that obtained by direct examination, and it is theérefore used for the calculat
the theoretidal yields.

When a screén analysis of a plant product is made in connectiofr with a cleaning plant efficiency {
will be found that there is some material below the nominal bottom size being treated in the cle
unit. The maps and particle size range of this undersize-material should be recorded.

4.6 Core yamples

For core samples, guidance is given in Annex/C ahd ISO 14180.

4.7 Preliminary treatment

Many coal samples, such as strip-and’core samples require pre-treatment to better simulate th
distribution pf the raw coal feed:to-a coal preparation plant. This pre-treatment ensures more acq
representatipn of fines mass fraction, which in turn affects washability results.

The pre-treafment process-€an involve any or a combination of the following.

a) Drop shdtter — The picking up and dropping of a sample onto a steel plate under specific condi

erials
mass
solids
iform
other.
mass
ducts
ion of

est, it
aning

e size
urate

tions.

b) Top-sizelreduction — This process requires oversize material to be reduced to pass a nominated
screen, With a minimal amount of fine material being produced. Top-size reduction doer; not

simulate the size distribution of coal preparation plant feed, because the coal particles are not

selectively broken.
c) Various methods can be utilized to perform this procedure, including the following:

1) Jaw crusher — The sample is choke-fed to the crusher with the aim of producing the nomi
size;

nated

2) Hand knapping — The sample is broken using hand-held implements. Done carefully, this

procedure can yield the least amount of fine material.

d) Hammermill type crushers shall not be used for size reduction, because of the excess amount of

fine material produced apart for final crushing to minus 212 pm for analysis.

e) Dry tumbling — The sample is tumbled end over end in a drum under specified conditions.

4 © IS0 2022 - All rights re
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f)  Wettumbling — The sample is tumbled end over end after the addition of water and under specified
conditions.

NOTE See Annexes A and B for more information on drop shatter and wet tumbling.

4.8 Size analysis

The sample should be spread out on an impervious base, preferably under shelter, and allowed to
dry sufficiently for screening purposes. After the sample has been dried, the sample should then be
screened using a suitable range of apertures (typical sizes are given in Table 2). Oversize material may
be broken by hand or machine-crushed according to the nominal top-size required. If applicable, the

l b b £l 1 . . 1 . 1 b |
relevqmmcpdar COT tITe CT USIICT CITCUIt Idy DT sIuiaced.

The quantity of material passing the 63 mm screen is usually more than the amountirequired and it
can bg divided before proceeding to the next size of screen. Further division may be necespary at lower
sizes.

Wet sicreening should be used, to ensure that fine particles adhering to larger particles are included in
the pfoper size fraction.

NOTE Pulp and reject samples are screened promptly to avoid excessiye'shale breakdown.

Table 2 — Size analysis

Size fraction . Material Material
Mass fraction
(square hole) retained passing
mm % % %
+125,0 Nil Nil 100,0
-125,0 +63,0 11,9 11,9 88,1
-63,0 +31,5 12,1 24,0 76,0
-31,5 +16,0 12,8 36,8 63,2
-10,0 +8,0 15,7 52,5 47,5
-8,0 +4,0 12,5 65,0 35,0
-4,0 +2,0 10,2 75,2 24,8
-2,0 +1,0 7,5 82,7 17,3
-1,0 +0,5 5,6 88,3 11,7
0,5 11,7 100,0 Nil
Total 100,0

4.9 |Pilottesting

Pilot testing is frequently carried out on a representative sample_in order to determine how the bulk
material will behave. This knowledge enables the operator to plan the actual test in such a way that
unnecessary operations are avoided, so that the test is carried out more expeditiously and with less
effort. The pilot test, or previous experience, may indicate that it is advantageous to commence the
separation at either the highest or the lowest relative density.

A sample that will give a high yield at either of these densities should be separated at that density, so
that the bulk of the sample can be removed in one operation.

In cases where there is only a small yield at one or two consecutive relative density fractions, it is
better to combine these fractions before going through a full treatment process. Within these limits it
is possible to vary the procedure without affecting the outcome of the test; in many cases its accuracy
will be improved, and the time and labour involved will be reduced.

© IS0 2022 - All rights reserved 5
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5 Separation media

5.1 General

The medium which is to be used for the separation is generally a mixture of organic liquids as described
in Table 3. Aqueous solutions of inorganic salts (see Table 4), or solids in aqueous suspensions (see
Table 5) are acceptable but shall be validated prior to use.

The most suitable type of medium is determined by the type of testing required, particle size of the

sample and r

elative densities required.

Where test
contaminant]

5.2 Organ

5.2.1 Geng

WARNING -
toxic and pr

| PR | H pa | ade. 4o 1 1 111 4= RPN o H
dIT LUIIUULITU 11 TAPUSTU SITUALIVUILS,  SAIIIPITS - SHTUUIU DT pruttliTu TTUIID dll

s and wind loss.
ic solutions

pral

- Particular attention is drawn to the fact that organic liquids.and their vapouy
esent a danger to health. The user of such liquids shall conform to the relevant s

data sheet,

n
Where relatlre densities of 1,6 and less are required, a mixture of.perchloroethylene and white
shall be used.

Where relat
tetrabromidjg

Organic liqulids shall be used sparingly, and liquid -teécovery shall be undertaken, particulai

drainage, aft]

Organic liqu
ease of use 4
unnecessary

To acceleratg
containing T
white spirit.

d be aware of any statutory regulations.

ve densities in the range of 1,6 to 2,9 are needed, tetrabromoethane (TBE), acef
e or bromoform may be mixed with perchloroethylene.

er removal of the sample from the sepagation tank.

ds are hazardous but are preferreld to alternative media because of their low visg
nd the fact that they are inert towards shales. Prolonged washing and drying tim
for the products of the separation owing to the generally high volatility of these liqu

t drying and to minimize contamination, float and sink fractions separated by miy
BE, shall be rinsed with’a more rapidly evaporating compatible organic liquid, sy

orne

s are

afety

spirit

ylene

ly by

osity,

LS are

ds.

tures

ch as

NOTE The physical propertties of the organic liquids used in float and sink testing are shown in Table 3.
Table 3 — Physical properties of organic liquids
L AN Relative |Distillation range| Viscosity at Vapour
Organicliquid . o . o pressure at
density or boiling point 20°C 20 °C Flammable
at20°C °Cat 100 kPa mPa.s kPa
White spirit 0,77 30,0 to 200,0 — — Yes
Bromoform (tribromomethane) 2,89 149,5 2,152 (15°C) 0,70 No
Tetrabromoethane (TBE, 2,96 239,0 12,00 0,01 No
acetylene tetrabromide)
Perchloroethylene 1,61 121 0,89 1,83 No
NOTE Refer to the vendor's Safety Data Sheet for current information regarding physical properties.

5.2.2 Limitations on accuracy

Organic liquids may react with the coal and despite thorough drying after float and sink testing,
some component of organic liquids could remain. This retention may influence subsequent analyses

6
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and tests, for example, chlorine, trace elements, fly-ash precipitability, moisture-holding capacity and
caking properties such as fluidity.

Absorption of organic liquid into the coal may also affect the apparent relative density of the particle,

which

5.3

5.3.1

can lead to inaccuracies in the separation.
Inorganic solutions

General

A water-soluble salt (e.g. caesium or potassium formate) shall be used as a dense medium for float sink

testin
separ

5.3.2

5.3.2
The f

The nmpajor differences compared to using organic liquids are the preparation of the dense 1

g because of the lower density of potassium formate, its application is restricted-td
ation or its use in a blend with caesium formate.

1 General

Formate solutions

oat sink procedure for water soluble salt solutions shall be the sanie as that outline

low density

] in Clause 6.
tedia, sample

rinsirjg and recovery of dilute media.
NOTE The physical properties of the inorganic solutions used\in‘'float and sink testing are shoyn in Table 4.
Table 4 — Physical properties‘of inorganic solutions
. Relative Distillation range or Viscosity at Vapour pressure
ormate density at boiling point 20 °C at 20°C Flammable
sojution p
20°C (°C at 100 kPa) mPa.s kPa
Caes]um for- 2,20 137 2,30 0,63 No
mate
Potassium for- 1,57 142 13,2 0,62 No
mate
NOTE| Refer to the vendor's Safety-Data Sheet for current information regarding physical properties.
5.3.2)2 Limitations of-accuracy
The ulse of an inorganic’solution such as caesium formate shall be thoroughly validated beflore its use to
ensuile washability results are accurate and any subsequent laboratory testing of float sink fractions is
not cgmpromised.
Partigular attention shall be given to the following concerns, which can limit the use of caegium formate.
a) Chaesium formate may contaminate coal particles even after rinsing. This can affeck subsequent

properties to be tested, in particular ash.

b)
‘)

Some coal or mineral matter particles can disintegrate in a water-based solution.

Density stability — Formate solutions with densities above RD 1,70 absorb moisture from the

air resulting in a decrease in the density. Solutions with densities below RD 1,70 lose moisture
resulting in a gradual increase in density.

5.3.2.

3 Preparation of solutions

Caesium formate is readily soluble in water and therefore the solution can be diluted with potable tap
water to give densities in the normal working range of float and sink testing.

© IS0 2022 - All rights reserved
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5.3.2.4 Sample rinsing

Particles shall be rinsed with water while vacuum filtering to remove caesium formate. The dilute
rinsings may then be processed to recover the caesium formate.

5.3.2.5 Re

covery of media

If required, the recovery of caesium formate from dilute washings can be achieved by either distillation
(e.g. using an immersion heater), vacuum evaporation or reverse osmosis.

5.4 Aqueous suspensions

5.4.1 Geng

An insoluble
give a relativ

Zirconium di

bral

material with a high relative density and correct particle size distribution shall be u
ely stable suspension of low viscosity.

oxide is an example of an aqueous suspension that is suitable.

5.4.2 Zirconium dioxide

5.4.2.1 Ge

The float an
The major di
the dense m
and has a pa

NOTE Th

5.4.2.2 Liy

The use of a
use to ensur
fractions is n

Particular af

dioxide.

a) Zirconiu
subsequ

b) Some co

¢) Zirconiu

neral

I sink procedure for aqueous suspensions shall be the same as that outlined in Cla|
fferences compared to using organic liquids or inébganic solutions are the preparat
bdia, sample rinsing and recovery of dilute media. Zirconium dioxide is chemically]
‘ticle density of 5,75 allowing a range of aquepils suspensions to be prepared.

e physical properties of the aqueous suspengions used in float and sink testing are shown in T

hitations on accuracy

h aqueous suspension such aszirconium dioxide shall be thoroughly validated befa
e washability results are aceurate and any subsequent laboratory testing of float an
ot compromised.

tention shall be giver/ to the following concerns, which may limit the use of zircg

Im dioxide may-contaminate particles even after rinsing. This contamination could
bnt properties to be tested, in particular the ash in the sample.

h]l or mineral matter particles may disintegrate in a water-based solution.

-dioxide suspensions are opaque. Therefore, the time required for the comp

sed to

l1se 6.
ion of
inert

re its
] sink

nium

affect

|letion

of the separation of floats from sinks cannot be judged by visual observation and has to be pre-
determined by experiments combined with theoretical calculations.

d)

suspensions are the least stable.

Zirconiu

m dioxide is not a suitable media for separation of fine particles (< 1 mm).

The stability of the aqueous suspension should be known and monitored. Note that lower density
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Table 5 — Physical properties of aqueous suspensions

A Relative Distillation range or | Viscosity at Vapour pressure
queous density at boiling point 20°C at20°C Flammable
suspension 20 °C
°Cat 100 kPa mPa.s kPa
Zirconium 1,30 to 2,20 — 11,2 — No
dioxide
NOTE Refer to the vendor's Safety Data Sheet for current information regarding physical properties.

5.4.2.3 Preparation of suspension

A ve
using|a suitable additive, such as a polyelectrolyte. The preparation procedure shall bé as

a) Prepare a water solution containing the stabilization agent.

b) Add sufficient zirconium dioxide powder to the agitated solution prepared in step 4
shispensions with a relative density of 2,00 to 2,20.

c) Ppssthe suspension prepared in Step (b) twice through a colloid fill.

d) Measure the density of the stock suspension and store in a sealéd container to avoid thg
of water.

NOTE Zirconium dioxide suspension can be diluted with peotable tap water to give densities

workihg range of float and sink testing.

5.4.2
Parti
NOTE

decre
incregses as the viscosity increases, as thesuspension can fail to drain completely.

fine zirconium dioxide powder shall be prepared with water and electrostatica

4 Sample rinsing

les shall be washed by spraying with water on a vibrating sieve or screen.

ses because of the higher specific surface area. Further, the amount of suspension retained o

The amount of suspension retained on the surface of the particles increases as thg

ly stabilized
follows.

) to produce

evaporation

in the normal

particle size
h the particles

5.4.2)5 Recovery of media

Dilut¢ suspension mediashall be recovered by concentration using one of the following options.

a) Recovering zirconium dioxide particles from a dilute suspension by reducing its pH tp 6 or less to
allow fast settling; or

b) Using a cetamic membrane to re-concentrate diluted suspensions; or

c) Leavingdilute suspensions in a container for a long period of time to allow slow settling.
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Table 6 — Other examples of solids? for aqueous suspensions®

lati Nominal
Material Re qt“{,e top-size Comments
density
pum
Finely ground shale 2,4t02,6 250 Discard from a coal
preparation plant
Brickwork shales
Froth flotation tailings 2,4t02,6 250
Barytes 3,7to 4,1 63 Commercial barium
bu‘lfdl,t
Mpagnetite 5,0 38 As used in coal
preparation plants
Fgrrosilicon 6,0 38 Ground or atomized
An alloy containing
85 % ironand 15 %
silicon
a | All of these solids can be used separately or in mixtures. Bentonite can betused to stabilize a
sufpension.
b | For separations with relative densities above 1,5, ground shale or froth-flotation tailings will
refjuire an addition of higher relative density materials to avoid viscosity problems.
¢ | Aqueous suspensions require continuous mixing to keep the\solids from settling and to
kelep the mixture homogeneous, which in turn can affect the gravimetric separation of the coal
palrticles.

Aqueous sug
Provided th
Aqueous sus

6 Apparg

6.1 Gener

pensions are non-toxic and non-volatile, andttherefore fume extraction is not req
it products are washed free of medium, 116 adverse effects on product quality
bensions are not recommended for testing particles below 4 mm.

jtus

al

lired.
DCCur.

The testing apparatus shall be unaffected by the test media, robust, suitable for the purpose, convé¢nient

and safe to u
samples bein

Figure 1 and

g processed (i.e{coarse coal or fine coal).

Figure 2 show-common arrangements for a coarse float and sink cabinet and a typica

and sink tan

Mechanical h

k arrangement. Figures 3, 4 and 5 show typical float and sink laboratory equipment.

andling is recommended where large quantities are to be treated.

se. A variety of appatatus is used, depending primarily on the particle size distributfion of

[l float

10
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Key

1 irterior
2 shelf

3 slats

4 flpor

5  exterior

s 1 e 1 s 8 s W s I s 1 s Y e I e

Figure 1 — Float and sink cabinet
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N,
D
D

O

1 |
7
Key
1  drying hdod 5 duct
2 rope pullgys 6 fan
3  plan view 7  elevation view
4  inline fan

Figure 2 —Example of float and sink tank arrangement

6.2 Coarsp coal apparnatus

S

Equipment for coarseflpat and sink test work typically consists of the items listed in 6.2.1 to 6.2.1

12 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=bed965c2e0dfaf003f3055d58d24205f

ISO 7936:2022(E)

6.2.1 Rectangular or cylindrical tank, with an inner mesh basket is shown in Figure 3. This
arrangement provides a convenient means of recovering floats and sinks separately.

6.2.2
Sinks

to drain. Baskets should be fitted with suitable liftin
contalin all particles within the basket. \

6.2.3| Mesh scoop of suitable aperture. A‘\Q
Float$ are skimmed off the surface of the\ﬂilqu using a mesh scoop of suitable aperture]
Figurp 4.

Figure 3 — Coarse coal float and sink ap?\ us

Inner mesh basket. QQ

are recovered by raising the inner basket which is g supported above the tank td

N

o\"

© IS0 2022 - All rights reserved
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Figure 4 — Float and sink- meshed scoops

6.2.4 Stirlling rods, such as those shown in Figure 5, are used to agitate the contents of the separation
tank. They shall be made from materials impervidus to the dense media.

Figure 5 — Float and sink stirring apparatus

6.2.5 Hydrometers.

Maintaining the required relative densities of the media is a critical aspect of the test and requires
monitoring and control throughout the whole float and sink operation. Methods for calibration of
hydrometers are described in Annex G. An example of appropriate storage of hydrometers is shown in

14 © IS0 2022 - All rights reserved
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Figure 6. Recommendations on the types of hydrometers suitable for this purpose and requirements
for use are as follows:

a) types M100 or M50 having scale subdivisions of less than or equal to 0,002;

b) under normal working conditions, there is no need to apply temperature, meniscus or surface
tension corrections;

c) readings on the hydrometer stem shall correspond to the bottom of the meniscus.

6.2.6

6.2.7

Figure 6 — Hydrometer storage

Sample containers, such as plastic buckets may be used to store samples prior to

Drying trays, shall be made fromkmaterials impervious to the dense media use

also Qe suitable for drying at temperatures above ambient.

6.2.8

6.2.9

To mil

6.2.1
>100
<100

Sample labels, may be aconvenient means of identifying the various float and sin

Lids for media containers.

lnimize evaporatioh,all media containers shall be fitted with lids when not in use.

) Balance;which shall be capable of measuring to the following sensitivity:
g to the-neéarest 0,1 %.

gto'the nearest 0,1 g.

testing.

. They shall

k fractions.

6.2.11 Air-swept drying cabinet. If appropriate, this may be heated. The cabinet shall have facilities

for th

e safe venting of vapours.

6.2.12 Filtration apparatus. Filtration of particles after float and sink test work is recommended to
remove excess medium from the samples prior to drying. This may include both gravity and vacuum
equipment.

© IS0 2022 - All rights reserved
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6.3 Fine coal apparatus

6.3.1 Glass separating flask.

The separating vessel is normally made from glass so that the separation can be confirmed visually. A
tap at the bottom of the vessel is used to separate the float and sink material. The size of the bore shall
be sufficient for the top-size of the coal being tested so that blockages are avoided.

The apparatus shown in Figure 7 has been found to be useful in separating fine particles of varying
density and offers the following advantages:

a)  Limited praporationforthe durationofthe separation-
b) Ready mleans of recovering floats and sinks fractions.
c) Small voJume of liquid medium needed.

d) Visual cgnfirmation of the separation process.

Figure 7 —=Fine coal separating apparatus

For additional apparatus for fine float and sink, see also 6.2.5 to 6.2.12.

6.3.2 Test[sieves, in accordance with the requirements of ISO 1953.

7 Float and sinktesting procedures

7.1 Genenal

The float and sink procedures described in this clause are suitable for organic solutions (see Annex F)
or aqueous solutions and suspensions. However, if aqueous liquids are used, special attention shall be
given to the rinsing of particles and recovery and re-use of media.

Float and sink testing can be affected by particle degradation and hence, at all stages of the test, sample
handling techniques that minimize breakage should be adopted.

7.2 Relative densities of test media
Comprehensive tests can include any number of relative densities in the range from 1,25 to 2,40.

Numerous relative densities within this range are often considered necessary for accurate interpolation
of data, for example, for raw coal samples where cumulative ash is increasing rapidly in relation to
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cumulative yield, or for plant performance test samples at relative densities close to the plant separating
density.

Formula (2) shall be used for determining the volumes of liquids required in formulating a mixture at
the desired relative density:

Vi (Pe—pPp)

t (Pt —Pp

Vhp="7" (2)
(pm - pp )

where
[ Is the volume of the liquid having higher relative density,
"N is the volume of mixture desired;
p is the desired relative density of the mixture;

ol is the relative density of lower relative density liquid;
pl,  isthe relative density of higher relative density liquid.

As an|example, in order to make up 30 L of medium at RD 1,70, usizg a mixture of bromoform (RD 2,89)
and perchloroethylene (RD 1,61):
_ £ (Pt —Pp)

(Pm=pPp)
~30(1,70-1,61)
" (2,89-1,61)

<<
=]

V

mn

=211

Consgquently, 2,11 I of bromoform.and 27,89 1 of perchloroethylene will be required to make up 30 1 of
medi@im at 1,70.

ixed and vary
ensive testing

ance is under

have to be
made before

actual relatlve densities prescrlbed for Washablllty analy51s This will facilitate blending of washability
analyses for reserve calculations and ensure that all of the data can be used.

7.3 Testing of coarse size fractions

7.3.1 General
A typical distinction for the transition between coarse and fine float and sink procedures is 0,5 mm.

Because of the porous nature of the coal matter, which will be most impacted by the absorption of the
dense medium, it is preferable that the test commences at the lowest relative density and proceeds in
increasing relative density order.
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7.3.2 Procedure

The procedure for treatment of coarse size fractions shall be as follows:

a)

b)
‘)

d)

f)

g)

h)

j)

k)

D

18

Ensure the separation tank is partly filled with clean medium. The tank shall be filled to
approximately 85 % full by adding appropriate liquids.

Stir the tank contents thoroughly.

Conduct the hydrometer reading by taking an aliquot of the medium from the separation tank,
placing this aliquot into a measuring cylinder or beaker, then carefully place the calibrated
hydrometer into the medium to read the relative density.

Adjust the relative density in the separation tank to + 0,002 of the required relative densjty by
adding appropriate liquids.

Repeat steps b) to d) throughout test at regular intervals.

NOTE 1 | Variation in the relative density of the liquids result from changes in liquid tempefature,
evaporatjon and contamination. The necessary frequency of density checking will' be a function |of the
circumstances under which the test is conducted.

Place a c]ean, dry inner basket into the separation tank.

Slowly place an increment of the sample being tested into the’séparating liquid. The mass of
this increment shall be such that only a thin layer is formed omnthe surface of the medium |n the
separatipn vessel.

Care should be taken not to overload the tank, as this canvinterfere with the separation of material.
The laydr of floats should not be thicker than the greater of 10 mm or the maximum p4grticle
diameter of the size fraction being tested.

Stir the gurface layer occasionally using a suitable implement to promote unhindered separatfion of
sinks material. Allow time for the liquid to.become quiescent, and for floats and sinks to separate
complet¢ly.

NOTE 2 | The time needed for complete*separation varies with particle size, viscosity of liquid apd the
differentjal in relative density between/individual particles and the separating medium. Typically, +11,2 mm
particles separate within one minute; whereas 0,5 mm particles can take as much as 30 min.

When the floats and sinks-have separated completely, remove the floats using a suitable |mesh
scoop, tgking care not toZdisturb the sinks, and deposit them on a draining platform or in¢lined
tray.

NOTE 3 | The float particles are generally considered to be in the top 25 % of the liquid depth.

Subject o adequate sinks capacity remaining in the separating vessel, repeat the above stepg until
all of thd test sample is treated at this one relative density.

Accumulated sinks should not occupy any more than 25 % of the liquid depth. If sinks reach this
level, the test should be interrupted and sinks removed according to step k), before recommencing
atstep g);

When all the sample has been processed (or at an earlier stage if sinks capacity is reached), agitate
the sinks to release any floats that might have become entrapped during the test. Allow sinks to re-
settle and recover any floats.

NOTE4  Agitation can be achieved by partially raising the inner basket two or three times in quick
succession and plunging it firmly downwards without splashing the medium. Alternately, stirring of the
sinks can be used if practical.

Remove the inner basket and support it over the tank, allowing the sinks to substantially drain.
Then transfer the sinks for drying.
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m) On recovery of the floats and sinks material from the separation tank, label the floats and sinks
fractions as appropriate (see NOTE 5), and record the relative density at which the separation was
conducted.

N

OTE 5

As an example, products from a separation at 1,40 relative density will be labelled “F 1,40” and

“S 1,40”; if the sample being tested is a product from a previous float and sink operation, labelling takes the
following form:

For sinks 1,40 re-separated at 1,50: “S 1,40 - F 1,50” and “S 1,50".

Materials used for labelling should not be rendered illegible by the action of the medium being used.

Whe
deter

Wher
step 3

Immsd
reco

signiIH;cant gain or loss. Annex D shall be used for validation of data if thé variation in mg

than

Extract subsamples for analysis if required, noting any reqliirements for subsequent]

comp,

7.3.3

Unles
be co
thisp
samp
for a

are d

If any
7.4

7.4.1
The n

focess. Temperatures above ambient shall not be used where detrimental effects may

£1 i I | £ 4 L. o 4 +lo lots A | ik 11 4
11Udilts Ul SITIITRS dI'T 1IUL tU DT 1UT DCHQIGLCU dl allullitTl 1TCldllivie ucuou,_y, dalluvv LU

ine the mass using a balance as described in 6.2.10.

e floats or sinks are to be re-separated at other relative densities, re-commence the
) for succeeding relative densities as required.

diately after completion of the test at all required relative densities, check th
bined mass of the air-dried fraction against the starting mass, to_ensure the ab

P %.

psite analysis samples. See 4.2.

Air drying

5 air-drying at elevated temperatures is specifically permissible for the sample, air
hducted at an ambient temperature not exceéding 40 °C. Air-swept drying cabinets w

e, or where the possibility of spontaneous combustion exists. (Refer to ISO 13909-4
buide to drying conditions.) Drying emperatures of 110 °C shall not be exceeded. W
[ied at temperatures above ambient, this shall be recorded.

Testing of fine size-fractions

General

and s
be di
large

nk analysis'are usually comparatively small. Separations can take less than 10 min,
ficult.and may take several hours to reach completion at each relative density, partic
reportions of near-density material are present.

form of oven is used, attention shall be given to continuous, safe exhausting of fumes.

air-dry, and

procedure at

e calculated
sence of any
1SS is greater

ly preparing

drying shall
ill accelerate
result for the
or [SO 18283
here samples

hass of fine~copal samples (typically sizes less than 0,5 mm and greater than 0,038 nm) for float

but can often
ularly where

Because of the porous nature of the coal matter It will be most impacted by the abso

rption of the

dense medium. It is preferable that the test commences at the lowest relative density and proceeds in
increasing relative density order.

7.4.2
The p

Procedure

rocedure for treatment of fine size fractions shall be as follows.

a) Close the drain valve. Pour a sufficient quantity of medium into the separating vessel. The
separation vessel shall be filled to approximately 85 % full.

b) Stir the vessel contents thoroughly.
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f)

g)

h)

j)

Materials us

Where floats
determine th

Where floats
step a). Repe

Conduct the hydrometer reading by taking an aliquot of the medium from the separation vessel,
placing this aliquot into a measuring cylinder or beaker, then reading the relative density using a
calibrated hydrometer.

Adjust the relative density in the separation vessel to+ 0,002 of the required relative density by
adding appropriate liquids.

Repeat steps b) to d) throughout the test at regular intervals (see Note).

NOTE 1

Variation in the relative density of the liquids result from changes in liquid temperature,
evaporation and contamination. The necessary frequency of density checking will be a function of the
circumstances under which the test is conducted.

Carefullj
this incr
separati

Care sh
material

Stir the 4
wetted V

ement shall be such that only a thin layer is formed on the surface of the medium
bn vessel.

uld be taken not to overload the vessel, as this may interfere withythé separat
The layer of floats should not be thicker than about 10 mm.

ample within the separation vessel, using a suitable implement to‘erisure that all san
yith the medium. Allow sufficient time for separation, re-stir, thien allow time for the

to beco:.Le quiescent, and allow time for floats and sinks to separate.

When t
sinks for

Close thg

Discharg
undilute

NOTE 2

On disch
fraction;
conductd

NOTE 3
“S 1,407

take the following form: For.sinks 1,40 re-separated at 1,50: “S 1,40 - F 1,50” and “S 1,50

float and sink separation has been confirmed visually, 6pen the outlet valve to disc
filtration and recovery of associated medium.

 outlet valve and change the filter papers.

e the floats through the outlet valve directlypnto filter papers and recover the asso
d medium.

The floats are typically considered to-be contained within the top 25 % of the medium voly

arge of the floats and sinks material from the separation vessel, label the floats and
as appropriate (see NOTE 3), and record the relative density at which the separatio
pd.

As an example, productsfrom a separation at 1,40 relative density would be labelled “F 1,4
f the sample being tested is a product from a previous float and sink operation, labelling
ed for labelling'should not be rendered illegible by the action of the medium being us¢

or sinks)are not to be re-separated at another relative density, allow to air-dry
e masSwusing a balance as described in 6.2.10.

ar-sinks are to be re-separated at other relative densities, re-commence the proced

I place an increment of the sample being tested into the separating medium. The mpass of

n the

on of

iple is
liquid

harge

riated

me.

sinks
h was

D” and
would

pd.

/ and

ure at

atatsucceeding retative dernsities as Tequired:

Immediately after completion of the test at all required relative densities, check the calculated
recombined mass against the starting mass to ensure the absence of any significant gain or loss in
mass. Annex D shall be used for validation of data if the variation in mass is greater than 2 %.

Extract subsamples for analysis if required, noting any requirements for subsequently preparing
composite analysis samples.

7.4.2.1 Airdrying

The air drying of samples shall be conducted as outlined in 7.3.3.

20
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7.4.2.2 C(Cleaning of liquid media and apparatus

Fine particles may tend to accumulate in the test media, and sludges may deposit in separating
vessels. These shall be removed at regular intervals by drainage and filtration, to prevent masking of
hydrometer scale readings and to avoid contamination of test samples.

7.4.2.3 Sample preparation for analysis after float and sink testing

Where possible, sample preparation of relative density fractions from a float and sink procedure shall
be carried out according to ISO 13909-4 or ISO 18283. However, masses of relative density fractions
from float and sink testing are often smaller than the minimum required for subdivision in accordance

with
samp

Conse
to allpw subsequent testing. Sample preparation instructions showing sub-division req
differjing mass ranges shall be documented.

Table|7 provides an example of sample preparation instructions for 4 mm top-size fraction|

LA-12000-4 1CA 102307 1 » h PR . 4 1 a1l . PRl H
DU 1o JUJ=F Ul ' 1ToU 10400, DUl SUUUIVISIUIL PIIULI tU S4AHIPIT IS 15 ST TTYUIT T4

es for caking tests, physical tests, or product composite testing.

quently, consideration shall be given to preserving as much sample at 4 mm'top-siZ

to generate

e as possible
uirements at

s from a core

proje¢t.
Table 7 — Example of sample preparation instructions
Prepare to
Mass range Procedure Regerve
=0,212 mm
<40 g — All Nil
2404nd<200g RSD2 1/2 12
>200and <400 g RSD 1/4 4
>2400and<1000g RSD 1/8 8

a

NOTE
cores
will b required at 4 mm top-size. Otherwise, errors attributable to sample preparation will be reduced i

fracti

RPD = Rotary Sample Division.

The example sample preparation insttugtions take account of the limited mass that is specifically av

n is prepared for general analysis.

hmples. Samples for reserve are only required to be retained in the circumstance that subsequent analyfsis composites

hilable for bore

[ the entire RD

7.4.2

Wher
relevant ISO coal<analysis standards. Preparation for some tests such as total moistur
ISO 18909-4 or ISO 18283. However, some individual standards, for example Hardgrovs
index

minu

a)
b)
‘)
d)

4  Analysis and testing

stipulate’some preparation to form the test sample. Examples of analysis carrie
b 212tm test sample are as follows:

e chemical analysis and testing are required, these shall be carried out in accordajnce with the

b is found in
grindability
d out on the

[$041722 to determine moisture in the analysis sample;

ISO 1171 to determine the level of ash;
ISO 1928 to determine the calorific value;

[SO 501 to determine the crucible swelling number (CSN).

7.4.2.5 Calculation and expression of results

Calculate the air-dried mass of each density fraction as a mass fraction of the initial mass. Report the
mass fraction to the nearest 0,1 %, fractionally and cumulatively. The loss or gain in mass as a mass
fraction of the air-dried starting mass should be reported to the nearest 0,1 %.
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21


https://standardsiso.com/api/?name=bed965c2e0dfaf003f3055d58d24205f

ISO 7936:2022(E)

If ash or other properties have been determined on each density fraction, include these in a table with
mass fraction percentage. Table 8 below shows an example for reporting results in tabular form.

NOTE For interpretation of results and calculation of washability curves, see Annex E.

Measurement uncertainty may be determined based on individual laboratory sample preparation
and testing practices. A suitable method for determining measurement uncertainty is described in
ISO/IEC Guide 98-3. It is difficult to assess the reproducibility of larger top-size material, due to the
difficulty in procuring representative splits in the quantities that would be needed. ASTM D4371
provides information for one size fraction only (-6,3 mm + 1,18 mm), using starting masses of 4 400 g
to 6 000 g and data are based on testing at two RDs only: 1,40 and 1,65 (see ASTM D4371).

Table 8 — Example for presenting float and sink results
Sample
mass Fractional Cumulative
Relative fdensity g
fractipn
Raw coal xs::i(()?ld) Asg; (ad) (ad)fl\ll'l:cstsion AS:} (@d)
% ° %, °
F1,40 1172,4 55,3 8,4 55,3 8,4
S1,40 - F1,50 498,22 23,5 16,7 78,8 10,9
S1,50 - F1,55 78,42 3,7 23,5 82,5 11,4
S$1,55-F1,60 63,63 3,0 26,7 85,5 12,4
$1,60 - F1,65 50,89 2,4 32,6 879 12,5
§1,65 - F1,70 12,71 0,6 34,4 88,5 12,7
S1,70 - F1,75 21,23 1,0 38,5 89,5 13,
S1,75-F1,80 19,07 09 41,0 90,4 13,3
51,80 -F1,90 25,44 1,2 45,4 91,6 13,7
S1,90 - F2,00 29,69 14 51,8 93,0 14,3
S2,00-F2,20 44,51 2,1 59,1 95,1 15,2
S2,20 103,90 4,9 75,5 100,0 18,2
Size fraction =f-4,0 + 2,0 mm
Starting mass (g) =2 127,6
Total mass aftgr float and sink = 2d20;1 g
Sample loss = 0,4 %
8 Testreport
The test repgrishall contain the following information:

a) sample identification details;

b) the size fraction of the sample tested;

c) the sample mass tested (at commencement and the recombined total mass after testing);

d) the density order of the test if descending order has been used;
e) theyield for each density fraction, to the nearest 0,1 %j;

f) the moisture basis of the mass (e.g. air-dried);

g) any other relevant data (e.g. ash %);

h) areference to this document, i.e. ISO 7936:2022;
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i) record in the test report all liquids (medium) used whether organic or inorganic for separation.
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Annex A
(informative)

Drop shatter

A.1 General

As coal is pr
distribution
random. Thi
similar size

of raw coal

size distribu
Annex B) to
and sink tes
accurate sizq
and quality d

The method
handling pro

A.2 Samp

A sample of

Examples of

a) large dia

b) uncrush

c) coal fror

d)

e) undergr
roof, flog

A.3 Prepc

run of mfine sample;

will change as a result of breakage of coal particles. The breakage is considered
b method describes a procedure to simulate the breakage and produce sample’that
Histribution to coal after it has passed through a materials handling system. In th¢
reporting to a coal preparation plant, the size distribution may simulate the plan
Fion, and the resultant sample is able to be treated by the wet-pre-treatment metho
simulate further breakdown of coal during processing and provide the sample foy
ing. This method, in conjunction with the wet-pre-treatment procedure, aims to py
and washability information for coal preparation process design, and prediction of
f products made from the raw coal.

may also be used to estimate changes in size distribution of product coal caus
cesses.

ling

he coal shall be taken in accordance with ISO 13909-2 or ISO 18283.
samples from different locations are-as follows:

meter cores crushed to pass 50 mmn;

bd large diameter cores (lhand broken to fit inside the sample container);

h a channel or strip sample;

bund mine and-open cut samples can also include coal material and non-coal materig
r and interburden).

iration

pcessed through materials handling systems from mining to preparation plants, thle size

to be
has a
b case
t feed
d (see
float
ovide
yields

ed by

1 (e.g.

A test sample of the coal needs to be extracted from the gross sample by the sample reduction methods
described in ISO 13909-4 or ISO 18283. The test sample may be crushed or broken to a pre-determined
top-size before the drop shatter procedure in order to simulate a specific materials handling process.
Alternatively, sample may be used at the received top-size if it can be contained in the sample holder

and can pass

through the opened bottom of the container.

A size distribution of the sample can be determined at this stage and should be referred to as the initial
size distribution.

24
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A.4 Apparatus — Manual
The apparatus is as follows:

a) Atypical apparatus is shown in Figure A.1 and is composed of a steel box (drop shatter box) that is
raised off ground level, with a solid base impact plate of 12 mm thick steel. The box is supported by
steel legs of sufficient strength to withstand the effects of multiple impacts of 50 kg of coal falling
from heights of up to three metres, inside the box;

b) A second box (sample container) is fitted inside the drop shatter box. This sample container is

deSIgned to hold 50 kg of coal sample and has a drop bottom arrangement that is activated when
i ping the coal
system. The
bpse of the container is opened by a trigger device when the container reaches the sperified height;

d) Spmple containers required to collect sample from the drop shatter apparatus;
e) Broom: A suitable broom is required for sweeping coal fines from-the base of the |[drop shatter
apparatus.

A.5 [Apparatus — Automatic

The drop shatter tower and box used in this test can be autemated with examples shown in Figures A.1,
A.2 apd A.3.
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Dimensions in millimetres
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| = o
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1 | 1™, = \ ”
750 x 1390 —H‘] %
g [ E o
E I RE == 8 S
14 PH s S
el 9 15
v
voo0
‘ i | 18
| / 1 10
5 ™ 18 |
g . I 1 1
o) ‘ r/
1200 ‘
16 7 17
Key
1 door 10 .discharge shute
2 rope pulldys 11~plate support legs
3 mesh guafd 12 winch cable
4 winch calle 13 unlocked position
5 adjustabl¢ cut-out light 14 locked position
6 12 mm thjck plate 15 drop doors in open positions
7 winch corftrol 16 frontview
8 adjustablg light striker 17 side view
9 electrical pontrols 18 side view drop box
Figure A.1 — Drop shatter tower
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NOTE Courtesy of Wallerby Mining Products.

Figure A.2 — Example of automatic drop shatter machine

NOTE Courtesy of SGS Australia Pty Ltd.

Figure A.3 — Example (CAD) of automatic drop shatter machine
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A.6 Procedure

Each sample lot shall be processed separately, so that at the end of the procedure all lots of the coal

sample have

been dropped in the apparatus the same number of times.

The procedure shall be as follows:

a) Ensure that the inside of the drop shatter apparatus and sample container is clean and free of
contamination.

b) Ensure that the trigger for the drop-bottom of the sample container is set at the required position,
usually so that the bottom opens when it is 2 000 mm * 5 mm above the impact plate.

c¢) Latchth
d) With the
the cont

e) Closean

e drop-bottom of the sample container shut.

sample container resting on the impact plate (base of apparatus) place a sample lot
hiner to a uniform depth across the area of the box.

 securely latch and lock the door to prevent personal ingress to the apparatus.

f) Using the pulley system (electric or manual), raise the sample container*(and coal sample)

the box

[0 the point where the trigger automatically unlatches the drep*bottom box and th

sample dlischarges from the container and falls onto the impact plate. Mechanically isolat
sample dontainer.

nside

nside
b coal
e the

g) Wait twg minutes after the sample has dropped to allow dust.to settle inside the box and opén the
door to the apparatus.

h) Extract the coal sample, now resting on the impact plate. At this stage, the sample container

suspend
the imp3
a60lsa

i) Repeatt

j)  Repeatt
times;

The nuni
system.

bd approximately 2 metres above the impactplate, allow unrestricted access to the ¢

mple drum/container. Sweep fine coal and dust into the plastic sample container.
he procedure for all sample lots.

he process from items (a) to (j) until the sample has been dropped the specified num

[he number of drops.may be nominated prior to testing.

k) Composite the sample~lots and determine the size distribution according to ISO 1953

nominat

1) Repeatt
times.

The nun

bd screens.

he process'from steps a) to j) until the sample has been dropped the specified num

s still
bal on

ct plate. The coal is to be extracted by scraping it onto the discharge chute that directs it to

pber of

ber of drops is usually.dependent on the nature of the coal and the proposed coal hafdling

using

ber of

ber of drops is usually dependent on the nature of the coal and the proposed coal hafdling

system. The number of drops may be nominated prior to testing. When the drop shatter procedure
has been deemed complete, a final analysis of the sample is performed and may include extra sizes
not included previously.

A.7 Testreport

A testreport shall be prepared. The test report should include the following:

a) sample identification details;

b) total number of drop shatters performed;

c) cumulative percent (air-dry basis) passing each size for each drop shatter;

28
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NOTE|1  An example of a test report is shown in A.8. Graphs drawn from the example-dats:
Figurgs A.4 and A.5.

NOTE[2  For an end point result the initial size distribution is not required.

ISO 7936:2022(E)

final size distribution after the final drop;
total starting sample mass (air-dry basis);

total final sample mass as air-dry basis;

percent gain (or loss) of sample mass—i.e. 100 x (initial mass-final mass) / initial mass;

sample lot masses (air-dry basis);

plot a graph of sample drop number versus mass fraction passing for each size fraction;

diistribution after the first drop shatter, and the final size distribution on the same gi3

Y
100 X1

90
80
70
60

. B

20 X2

after drop shatter,
dfop number

o

wmulative/%, passing
-B1,5 mm
-[L6,0'mm

) or the size
ph.

| are given in

O

—OjyuTrtrir

-4,4 mm

Figure A.4 — Graph showing cumulative passing for each size fraction after each drop shatter
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Figurle A.5 — Rosin Rammler plot of size distrib$ion before and after drop shatter
¥
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o
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A.8 Example of a test report

ISO 7936:2022(E)

Analysis and Testing Report

Coal Mining Company

Sample: 9771
Hole: LDH 123

ReportNo.: XYZ 1234

Date: 01/06/2005
Page: 1

Size analysis: After drop shatter — after 0 drops

1ze fraction

Fractional mass

Cumulative mass

Cumulative mass

(mmsquare aperture) % 0/(_) %_
(Retained) (P3ssing)

+31,5 94,6 94,6 —

-31,5+ 16,0 2,4 97,0 5,4

-16,0 + 8,0 1,2 98,2 3,0

-8,0 +4,0 09 99,1 1,8

-4,0+2,0 0,4 99,5 0,9

-2,0 0,5 100,0 0,5

Bize fraction

Size gnalysis: After drop shatter — after 1 drop

Fractional mass

Cumulative mass

Cumulative mass

(mmsquare aperture) % % %
(Retained) (P3ssing)
+31,5 88,4 88,4 —
-31,5 +16,0 4,6 93,0 11,6
-16,0 +8,0 2,4 95,4 7,0
-8,0 +4,0 2,0 97,4 4,6
-4,0 +2,0 1,0 98,4 2,6
-2,0 1,6 100,0 1,6

© IS0 2022 - All rights reserved
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Analysis and Testing Report

Report No.: XYZ 1234
Date: 01/06/2005
Page: 2

Size fraction

Size analysis: After drop shatter — after 2 drops

Fractional mass

Cumulative mass

Cumulative mass

% %
(mm square aperture) % . .
(Retained) (Passing)

+31;5 836 836

-31,5 416,0 6,6 90,2 16,4

-16,0 18,0 3,2 93,4 9,8

-8,0 44,0 2,7 96,1 6,6

-4,0 42,0 1,5 97,6 39

-2, 2,4 100,0 2,4

Size fraction

Size analysig: After drop shatter — after 3 drops

Fractional mass

Cumulative mass

Cumulative mass

(mm squarelaperture) % % %
(Retained) (Passing)

+31)5 79,6 79,6 —
-31,5 16,0 75 87,1 20,4
-16,0 18,0 4,2 91,3 12,9

-8,0 44,0 3,5 94,8 8,7

-4,0 42,0 19 96,7 5,2

-2, 3,3 100,0 2,4

32
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Analysis and Testing Report

Coal Mining Company

Report No.: XYZ 1234
Date: 01/06/2005
Page: 3

Size analysis: After drop shatter — after 4 drops

Size fraction

Fractional mass

Cumulative mass

Cumulative mass

% %
(mm square aperture) % . .
(Retained) (Passing)

-31,5 +16,0 9,4 84,5 04,9

-16,0 +8,0 50 89,5 15,5

-8,0 +4,0 4,1 93,6 10,5

-4,0 +2,0 2,2 95,8 6,4

-2,0 4,2 100,0 4,2

Size §

(mm

Bize fraction

nalysis: After drop shatter — after 5 drops

Fractional mass

Cumulative.nass

Cumulative mass

[square aperture) % % %
(Retained) (P3ssing)

+31,5 71,8 71,8 —
-31,5 +16,0 10,2 82,0 8,2
-16,0 +8,0 59 879 18,0
-8,0 +4,0 4,6 92,5 12,1
-4,0 +2,0 2,6 95,1 7,5
-2,0 4,9 100,0 49
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Analysis and Testing Report

Coal Mining Company

Report No.: XYZ 1234
Date: 01/06/2005
Page: 4

Size fraction

Size analysis: After drop shatter — after 6 drops

Fractional mass

Cumulative mass

Cumulative mass

% %
(mm square aperture) % . .
(Retained) (Passing)
+31;5 66,3 68,3

-31,5 416,0 11,7 80,0 31,7
-16,0 18,0 6,4 86,4 20,0
-8,0 44,0 51 91,5 13,6

-4,0 42,0 2,8 94,3 8,5

-2, 57 100,0 57

Size fraction

Size analysig: After drop shatter — after 7 drops

Fractional mass

Cumulative mass

Cumulative mass

(mm squarelaperture) % % %
(Retained) (Passing)
+31)5 64,9 64,9 —
-31,5 16,0 12,6 77,5 351
-16,0 18,0 74 84,9 22,5
-8,0 44,0 55 90,4 15,1
-4,0 42,0 3,2 93,6 9,6
-2, 6,4 100,0 6,4
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Analysis and Testing Report
Coal Mining Company

Report No.: XYZ 1234
Date: 01/06/2005
Page: 5

Size fraction

Size analysis: After drop shatter — after 13 drops

Fractional mass Cumulative mass

Cumulative mass

% %
(mm square aperture) % . .
(Retained) (Passing)
-31,5 +16,0 15,2 72,2 13,0
-16,0 +8,0 8,5 80,7 07,8
-8,0 +4,0 6,6 87,3 19,3
-4,0 +2,0 4,0 91,3 12,7
-2,0 8,7 100,0 8,7

Bize fraction

Size ganalysis: After drop shatter — after 19 drops

Fractional mass Cumulative.nass

Cumulative mass

(mmsquare aperture) % % %
(Retained) (P3ssing)
+31,5 51,5 51,5 —
-31,5 +16,0 16,4 679 18,5
-16,0 +8,0 9,5 774 82,1
-8,0 +4,0 7,3 84,7 2,6
-4,0 +2,0 4,4 89,1 15,3
-2,0 10,9 100,0 10,9
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Annex B
(informative)

Wet tumbling

B.1 General

In the drum
time, to simu
cyclone/frot

B.2 Samp

A test sample
described in

B.3 Appa

The apparatis is as follows:

a) A tumblg
a speed

apparatys is shown in Figure B.1.

b) 18 steel

B.4 Procg
The breakdo
a) Place 50

b) Securet

c¢) When tumbling is complete, screen the contents of the drum on a screen deck.

NOTE
drum.

late conditions that would be experienced by coal being pumped through a derse'mg
h flotation process.

ling
e of the coal needs to be extracted from the gross sample by the sample reduction mej

[SO 13909-4.

ratus

r steel drum, having a capacity of 200 1, capable of being turned end-over-end operat
bf 20 r/min. The drum should have provisiorrfor adding and removing the sample. T

fubes each having an edge length of 50 mm.

dure
wn of shales in water is detérmined as follows:
kg of the raw coal into'the drum tumbler and add cubes and 150 I of water.

he lid firmly and totate for the time cycle required.

A suitable screen deck is a 0,50 mm wedge-wire screen arranged as a lid of a clean, empty

d) Air-dry th

umbler method, the sample of coal, water, and steel cubes are rotated for a predeterllnined

dium

thods

ing at
ypical

y 2001

had 0 S0 mm fraction and rotain it far cizao and flaat and cink toctinag:
£ oo cHe R aiet i o SAe a0t a8 ShKttesStH

o
55

e) Recover the - 0,50 mm fraction, either by filtration or by decantation after the addition of a
flocculant;

The use of a flocculant is not recommended if froth flotation studies are to be carried out on the

-0,50m

m material, or if caking tests are required on the sample.

f) Air-dry the residual - 0,50 mm fraction and retain it for size analysis and other testing as required
(e.g. float and sink testing, flotation, filtration and settling rates).
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Dimensions in millimetres

o

800
[Cxcm—-x-1]
)
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[co—o0l
———

o

a) Top view

S
S
(=)
800 1200
b) Side view c) Front view

Figure B.1 — Typical drum tumbler
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Annex C
(informative)

Sample masses for float and sink testing

C.1 General

Particlesin 4
in type of luy
in any stand
a float and 5
material.

coal mass, especially raw coal, may take many different forms. Figure C.1 shows range
hp particles that may be present in raw coal. It is necessary to have at least 2 000, payticles
ard size fraction so that when the sample is separated into relative densijty fracti¢ns in
ink test, the resulting mass distribution can be considered to be rep&?_gtative bf the

Figure C.

b@E)’(ample of raw coal particles

O

For size frac
top-size mat
be accuratel
appropriate

5 mm
| may
more
level
duces

tions where Table C.
brial), it is necess
 and reliably
to accept a

ecommends a very large gross sample mass (e.g. 20 t for 12
to consider the practicality of whether that amount of materia
ed by a well-resourced laboratory. In such circumstances, it is
ler (more practical) sample mass and accept an associated lower

of precision |i

below that r¢
the mean), ig

- Precision in the float and sink result will reduce as sample mass re
able C.1. In general terms, precision (interpreted here as the standard er
ional to 1/vn, where n is the number of particles in the gross sample. For a

ror of
given

material, n is rtional to the sample mass.

Assume that Table C.1 provides a resulting precision of 0,a % in terms of mass fraction percent in any
one RD fraction. If in the example above, the gross sample mass was reduced from 20 t to 1,2 t, the
precision would increase (worsen) to (1/v1,2)/(1/v20) x 0,a %, or 4,1 x 0,a %. So, if the initial actual
precision was 0,5 %, then the precision using the reduced sample mass would increase (worsen) to
4,1 x 0,5=2,05%. In many cases, that worsening of precision may be deemed acceptable, but it needs to
be recognized and the results qualified accordingly.

NOTE Where “a” is variable precision.

If the heterogeneity of a critical parameter (e.g. ash % ad) is known, the minimum sample mass may be
calculated for a required level of precision.
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C.2 General mass calculation examples

Invariably, the largest size fraction for float and sink testing determines what the gross sample mass
needs to be. In this case if testing up to 125 mm top-size is required, then a gross sample mass of 21,5 t
may be required to generate sufficient mass in the -125 + 31,5 mm size fraction. Table C.1 shows an
example calculation.

It is particularly critical to note that the minimum mass for float and sink of the +31,5 mm fraction in
this example is 6 450 kg, not 2 150 kg + 300 kg = 2 450 kg.

Table C.1 — Example of mass calculation for -125 + 31,5 mm float and sink

Minimum Minimum gross |Resujting mass in
Fractional . fractional sample mass prior [fraction subject-
Mass fraction .
mass % mass per to sizing and float' |, “ed fo float and
. . % Table 1 and sink testing sink testing
Sizelfraction mm kg kg kg
Raw coal Factored to
(A) relevant size (B) (C) = (B)*100/(A) |[(E) =(D)*(A)/100
fraction
-125} 63 10 33,3 2150 21500 2 150
-63 431,5 20 66,7 300 15500 4300
-31,5|+ 16 14
-16 +|8 16
-8+4 12
-4+ 8
-2 20
RESULTING MINIMUM GROSS SAMPLE MASS 21500
(D) =|[Maximum of Column (C)
RESULTING MINIMUM Float and Sink"\SAMPLE 6 450
MAS$ = Sum of Column (E)

Another example of this calculation is shown in Table C.2 for - 50 + 4 mm material (e.g. PMC process
samples). It is particularly cfitical to note that the minimum mass for float and sink of the +4 mm
fractipn in this example is 380 kg, not 230 kg + 40 kg + 5,2 kg + 2 kg = 277 kg.
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Table C.2 — Example of mass calculation for -50 mm + 4 mm float and sink

. Minimum gross |Resulting mass in
. Minimum frac- . . .
Fractional . . sample mass prior | fraction subject-
Mass fraction | tional mass i
mass o er Table 1 to sizing and float | ed to float and
. . % ? P and sink testing sink testing
Size fraction mm kg kg kg
Raw coal Factored to
(A) relevant size (B) (C) = (B)*100/(A) |[(E)=(A)/100 *(D)
fraction
-50+31,5 10 16,7 230 2300 230
-31,5+16 18 30 40 222 414
-16 +8 18 30 5,2 29 414
-8+4 14 23,3 2 14 322
-4+2 12
-2 10
RESULTING|MINIMUM GROSS SAMPLE MASS 2300
(D) = Maximpm of Column (C)
RESULTING MINIMUM Float and Sink SAMPLE 1380
MASS = Sum/|of Column (E)

A third exanpple for calculating the appropriate mass for float/and sink testing is shown in Tabjle C.3
for - 31,5 mrh + 2 mm material [e.g. Dense media cyclone (DME) process samples]. This example ghows
that the sample mass subjected to float and sink may be substantially reduced if the larger particlgs are
removed from the sample to be tested, and each size fraction is tested separately.

Table C.3 — Example of mass calculation for -31,5 + 2 mm float and sink

MASS = Sum of Column (E)

. Minimum gross |Resulting mass in
. Minimum frac- . . .
Fractional . . sample mass prior | fraction subject-
Mass fraction | tional mass i
mass o er Table 1 to sizing and float | ed to float and
. . % ) P and sink testing sink testipg
Size fractioh mm kg k k
g g
Raw Coal Factored to
(A) relevant size (B) (C) = (B)*100/(A) |(E)=(A)/100 *(D)
fraction
-50+ 31,5 10
-31,5+16 18 29,0 40 222 40
-16 + 8 18 29,0 5,2 29 40
-8+4 14 22,6 2 14 31
-4+2 12 19,4 2 17 27
-2 28
RESULTING MINIMUM GROSS SAMPLE MASS 222
(D) = Maximum of Column (C)
RESULTING MINIMUM Float and Sink SAMPLE 138

C.3 Impact of lower masses

Figure C.2 shows an example where the - 50 mm + 16 mm fraction, sourced from a large diameter (LD)
core, has been subjected to float and sink testing. In this case, the starting mass was around 16 kg. It
is clearly evident that the float and sink result needs to be heavily qualified in this circumstance. One

40
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middling relative density fraction shows no particles at all, while 7 of the 12 relative density fractions
have only 1 to 3 particles.

For a small starting mass of this nature, any misplacement of individual particles during the testing
process results in a significant change to the float and sink mass distribution.

o
: (ke
a) Floats 1,30 b) Sinks 1,30 Floats 1,35 c) Sinks 1,35 Flpats 1,40
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Figure C.2 — Example, PS - 50 mm + 16 mm float and sink distribution from a core sample

C.4 Core samples

Slim core samples (63 mm diameter) will almost always need to be crushed to -8 mm in order to satisfy
the minimum number of particles requirement for float and sink testing. As a guide, if a topsize of
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11,2 mm is chosen, a sample mass of at least 5 kg will be required which is approximately a 1 m section
at a relative density of 1,60.

For larger diameter core samples, the largest particle size that can be legitimately tested under this
Standard will vary depending on the core diameter and length of intersection. Considering a typical
section, say 2 m deep for a 100 mm diameter core, that will yield approximately 25 kg of raw coal
assuming 1,6 relative density, and that will only allow a testing top-size of the order 16 mm to 20 mm if
this standard is to be conformed with.

For a 200 mm diameter core (2 m intersection), any float and sink work undertaken on particles larger
than 25 mm is likely to be misleading. It is therefore necessary to qualify core float and sink results
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Annex D
(normative)

Validation of data

D.1 General

Floatjand sink test results shall be validated by undertaking some basic assessments of.th¢ raw data.

D.2

Ensuti
and record the air temperature and humidity. This is most importantin.more humid re
samp|e masses may drift up and down with humidity.

All ohservations shall be recorded.

D.3

Before commencing the float and sink test

e the sample is fully air-dried; record the total starting sample mass immediately prilor to testing;

gions where

Immediately following the float and sink test and before sample preparation

Afterlthe fractional samples have been air-dried and theif’mass determined, check the recombined mass

againpt the starting mass and re-record the humidity. Normally, the expectation is that the
mass|[will be slightly lower than the starting mass, because of small remnants of sample
dispefsed in the solutions. However, sometimes‘the recombined mass may be higher than
mass/If that occurs:

a)
b)

‘)
d)

If the[recombined.mass is significantly lower than the starting mass:

iy
2)
3)
4)

(=

]:e result, if a minor discrepancy, may be explained by increased humidity; or

t
apsorbed in or adsorbed on-the samples; or

ah inadvertent error was'made regarding recording of the starting mass; or

there is sample contamination.

the resultsifja minor discrepancy, may be explained by decreased humidity; or

the starting sample may not have been fully air-dried prior to commencement; or

elements of the sample may have broken down and dispersed in the float sink
dispersion should however be visually obvious and recorded at the time of conducting

recombined
that remain
the starting

e fractional samples may require further air drying to ensure that negligible solution remains

media. This
the test.

Provided an assessment of starting and recombined mass is undertaken prior to sample preparation, it
provides the laboratory with the opportunity to re-run aspects of the test (at the correct particle size)
if necessary.

Further to mass balance checks, plot the relative density curve, refer to Annex D, and check for any
abnormalities.
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