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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

The froth flotation of coal has a widespread application for the recovery of fine coal particles and their
separation from unwanted mineral matter. The response of coal to the froth flotation process is measured
initially by a laboratory scale test. ISO 8858-1 provides a means of evaluating the general flotation
characteristics of a coal under a set of specified conditions and will not necessarily indicate the full potential
of that coal. It is accepted that variation of the many parameters in the froth flotation process can be used
to effect the beneficiation of the product. This document describes a procedure for the more complete
determination of the flotation characteristics of a coal, using the apparatus and basic procedures described
in ISO 8858-1. The purpose of this extended procedure is to provide information similar to that provided
by the sink/float curve, which is the basis for density separations. The data obtained are expressed as a

yield/ash

urve. The information can be nsed to define the limitations on the rlpnning of fine co

al by froth

flotation.

The proce
coal-prepd
the selecti

ration-plant flotation circuits, although engineering design aspects, such as flotation k
bn of size and type of cell, are not addressed.

The flotatijon response curve (yield/ash) indicates the maximum possible yield atany specified a

The gener
and to ope

The proce]
types, the
results of §

h] shape of the curve indicates the sensitivity of flotation performdnge to the nature
rating conditions.

dure may be modified to test and compare the performance of different frother an

uch tests should clearly indicate any use of non-standardprocedures.

lures specified in this document are of practical significance in the developmentand ev

hssessment of liberation by grinding, and the comparison ¢f alternative feed size rangeg

hluation of
netics and

th content.
bf the coal

l collector
. However,
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International Standard

ISO 8858-2:

2024(en)

Coal — Froth flotation testing —

Part 2:
Sequential evaluation

1 Scop

This docu
coal havin
characteri
process.

-

ment sets out a laboratory sequential procedure for the froth flotation testing.of| fin
g a particle size of less than 0,5 mm. The procedure provides a means of evaluatihg th
stics for coal (expressed as a yield/ash relationship) that can be expected frem'‘the frot|

e coal, e.g.
e flotation
h flotation

This document does not apply to pulp samples that cannot be dewatered without the use of heat dr chemical

additives.

The test is

Chis document does not apply to procedures for the investigation offlotation kinetics.

not intended to provide plant design data.

This docuiment is intended to be read in conjunction with I[SO 8858-1:

2 Normative references

The follow
references
document

ISO 589, H|

ing referenced documents are indispensable, for the application of this document.
only the edition cited applies. For undated references, the latest edition of the
(including any amendments) applies.

1rd coal — Determination of total moisture

ISO 1171, Coal and coke — Determination of ash

[SO 1213-1, Coal and coke — Vocabulafy~— Part 1: Terms relating to coal preparation
[SO 1953, Hard coal — Size analysis-by sieving

ISO 8858-1, Hard coal — Froth flotation testing — Part 1: Laboratory procedure

3 Ternis and definitions

For the pufrposeswofthis document, the terms and definitions given in ISO 1213-1 apply.

ISO and IE

IEC El

Canaintain terminology databases for use in standardization at the following addresses:

For dated
referenced

[SO Online browsing platform: available at https://www.iso.org/obp

ectropedia: available at https://www.electropedia.org/

4 Principle

A sequence of laboratory flotation tests is carried out on a single coal sample, using a procedure based on
that described in ISO 8858-1. Variations on that procedure are made to generate a number of products, by
refloating concentrates and tailings a number of times. The masses and ash mass fractions of the various
products are used to construct a yield/ash curve showing the flotation response.

© IS0 2024 - All rights reserved
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5 Sample

The history and method of sampling and preparation of samples can affect the flotation characteristics of
the coal considerably. The history of the sample should be recorded, and care should be taken to ensure
that samples for comparison purposes are sampled and prepared in a similar manner and, where applicable,
in accordance with the sampling and preparation procedures specified in ISO 13909-2, ISO 13909-4 and
ISO 18283.

A size analysis of the sample shall be carried out in accordance with ISO 1953.

6 Apparatus

The apparptus shall be as specified in [SO 8858-T.

7 Flotation conditions

7.1 Collector dosage

To establigh well-defined flotation response curves, it is necessary to extend thé range of condition

in ISO 88

correspon
this exten
specified i

8-1. Different coals will require different conditions to display the-attainable range of
ding product ash levels. To obtain a preliminary guide to the appropriate flotation con|
led test, it is recommended that a sample of the coal be first tested according to the
h 1SO 8858-1.

s specified
yields and
ditions for
procedure

NOTE t is suggested that the collector increments referred to in'8.3 be selected on the basis of the rfesult of the
ISO 8858-1|test in Table 1.
Table<k
ISO 8858-1 yield ISO 8858-1 suggested collector dosage
% (fraction of dosage used in ISO 8858-1)
<40 AsinISO 8858-1 =1 ml/kg
>40<60 25 % = 0,25 ml/kg
> 60 <80 10 % = 0,10 ml/kg
>80 2,5 % = 0,025 ml/kg
The final fjesult is largely independent of the selected increment size. Experienced operators may prefer to

use other flosage rates.

7.2 Frof

Frother ad
at 0,05 ml
solution) g

her dosage

of 4-niethyl-2-pentanol (formerly called methyl isobutyl carbinol MIBC) (50 ml of 0,1
er kilogram of dry solids in the initial sample.

dition at each stage may be made at approximately half the dosage specified in ISO $858-1, i.e.

0 aqueous

Frother d

Sages are not critical beyond the itiat separation. Operator judgment may be USed T

an adequate froth.

7.3 Solids content

maintain

The solids content for the first flotation stage shall be as specified in ISO 8858-1. For all subsequent stages,
the mass of solids shall be that which results from the previous flotation stage.

7.4 Air flow rate

The air flow rate shall be as specified in ISO 8858-1.

© IS0 2024 - All rights reserved
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7.5 Test temperature

The test temperature shall be as specified in ISO 8858-1 and shall be reported with the test results.

8 Procedure

8.1

Initial procedure

The moisture content, size analysis and other parameters specified in ISO 8858-1 shall be determined.

8.2

Initial separation

The initial
exceptions

a) nocol
b) no cor
¢) nofro
Both conc{

NOTE
floating pat

To ensure
of wash w.

8.3 Sub

After perf¢orming an initial flotation, the resultant tailings shall be successively refloated, generally

the proced
may not h
reflotatior
less than 5

Each concg
times as n
by the pre
mass (app

sequent separations

separation shall be carried out generally following the principles given in ISO 8858+
that:

ector shall be used;

ditioning time is required; and

ther shall be used.

bntrate and tailings shall be retained as pulps for subsequent reflotation.

Experience has shown that omission of frother and collector permits selective recovery of loy
ticles and better definition of the low-yield end of the curve.

that the cell volume for subsequent tests is not exceeded, care should be taken to use 4
hter in collecting the two products.

ure given in ISO 8858-1, with incremeéntal collector addition to recover any floatable pa

of the successive tailings fraction has resulted in nil or negligible concentrate mass (a
% of the initial feed sample mass).

ntrate fraction, resulting from these successive tailings flotations, shall then be refloatq
bcessary, until further<flotation does not result in additional removal of mineral matter
sence of solids in thejtailings), or the concentrate sample to be floated shall have nil op
foximately less than 5 % of the initial feed sample mass).

After co
mineral m
subjected

Essentiall
of individ

NOTE 1

letion of thése flotations, each concentrate shall be repeatedly refloated until all
tter is remioved. Each tailings fraction resulting from refloating of the concentrates sh
o furthertlotations until nil or negligible concentrate is produced.

,thetinitial feed massis fractionated by successive re-flotations without subsequent reco

Usually, two or three stages will suffice.

NOTE 2
feed mass.

8.4 Analysis of concentrate and tailings

1 with the

w-ash rapid

minimum

F following

ticles that

hve been collected with the concentrate. This process shall be continued until it is estiinated that
bproxately

bd as many

(asjudged
negligible

entrained
all then be

mbination

It will be rare for any branch of the process sequence to require more than four flotation operations.

For some coals, further testing can be required to achieve separations yielding down to 2 % of the initial

All products may be filtered. All products shall be air-dried, their mass determined and analysed for
moisture and ash as specified in ISO 589 and ISO 1171 respectively and reported on a dry basis.

© IS0 2024 - All rights reserved
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Drying in an air oven at 40 °C may be carried out, provided that equilibration with ambient conditions is
achieved before the mass is determined.

9 (Calculation of results

The mass of reconstituted feed (my), in grams, shall be calculated on a dry basis from the following Formula (1):

N M
mg =Y (mc), + Y (m); 0
i=1 j=1
where
N is the total number of concentrates;

(m¢); | isthe mass of concentrate i, in grams;
M is the total number of tailings;
(mr);| isthe mass of tailingj, in grams.

The mass fraction distribution (D), expressed as a percent for a product is given by the following Formulae:
mass fraction distribution for concentrate i expressed as a percent;

D;=100(m);/mg (2)

mass fraction distribution for tailings j, expressed as a pexcent,
D; = 1000(my);/my (3)
The distribution for all products (concentrate andctailings) and the ash mass fractions of each pr¢duct shall
be determjined and the results listed in a singletable in ascending order of ash mass fractions. Pfogressive

cumulative distribution (i.e. yield) and correspending cumulative ash mass fractions shall then be|calculated
according fo the following Formulae:

Cumulative percentage yield (Y, ,)Hitthe first n products,

N
Y cum, :z Dk 4)
k=1

where D, ik the distributien to the kth product in the ordered list

Cumulative mass fragtion of ash (A, ,) expressed as a percent of the first n products,

& (i< Ar)
Acum,n= Z - (5)

AV4
k=1 1 CUIIL, T

where A, is the ash mass fraction expressed as a percent, on a dry basis of the kth product in the ordered list
To determine a quantitative performance measure, organic efficiency and ash error may be used in
accordance with ISO 7936.

10 Test report

The test report shall contain the following information:

a) areference to this document, i.e. ISO 8858-2:2024;

© IS0 2024 - All rights reserved
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b) compl
¢) histor
d)
e) partic
f)
g)

sampl
h)
i) ashm
j) theyig
k) thete
1) airflo
NOTE 1

A recommlended form for the presentation of results, together with a‘graphical representation,

ISO 8858-2:2024(en)

ete identification of the sample;

y of the sample;

date on which the test was carried out;

le size analysis of the sample, carried out in accordance with ISO 1953;

mass of each feed, concentrate and tailings, expressed on a dry basis;

the difference between the initial feed mass and the reconstituted feed mass (where the initial dried

e mass is able to be determined);

mass fraction distribution;

Annex B.

ld/ash relationship in tabular and graphical forms;
t temperature and other properties as required;
v rate.

A worked example of the calculation of results is given in Annex A.

hss fraction, expressed as a percent, of each feed, concentrate and tailings on a dry basi

‘vz

is given in

© IS0 2024 - All rights reserved
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Annex A
(informative)

Worked example of calculation of results

A.1 Scope

This Annex-sets out a worked nynmp]p of the calculation of the results of the testing in accordance with

Clause 9.1

A.2 Proicedure

The seque
the mass

ash curve
increasing
coal. A“C”
portion of
indicating
ash curve
A sample

sequentiall

According
20 ml of 0,

For the ex

he process sequence for this example is given in Figure A.1.

htial procedure effectively divides the original sample into fractions of vatying ash. Af
bf each fraction is determined and its mass fraction of ash is determined. A cumula
is generated from these data by mathematically recombining the 'various fractions i
ash. Figure A.1 shows a sequential flotation procedure conductéd-on a sample of min
prefix is used to denote a concentrate, and the “T” prefix is usedto denote a tailing. The
the label refers to the order in which the flotations aré«onducted, with rectang
an intermediate stream and ovals indicating an actual fraction. Table A.1 indicates hg
s generated from the experimental data.

bf approximately 400 g, initial air-dry mass, is subjected to repeated flotation accorq
procedure. (A preliminary test, following the procedure given in ISO 8858-1, gave a yiel
y (see 7.1), a collector increment of 0,1 ml is used in all but the initial stage. Frother, at :
1 % aqueous solution, is added at each stagedn accordance with 7.2.

hmple, a minimum yield limit of 5 % ofithe initial feed mass is specified for the concg
e number of flotation tests required:

Hure adopted for this example is‘as follows.
separation (see 8.1)

lector, no frother, and.nio conditioning time allowed. Concentrate (C1) is set aside. Ta
fained in the cell.

1 flotation (see8.2)

s conditioned with 0,1 ml of collector and then add frother in this and all subsequ
htrate (€2) is set aside. Tailings (T2) are retained in cell. Neither product is judged to b
nimumimits.

fer drying,
tive yield/

11111 order of

s 0,5 mm
numerical
1lar boxes
w a yield/

ling to the
d of 73 %.)
i dosage of

ntrates to

lings (T1)

bnt stages.
e less than

flotation

Concentrate (C3) is set aside. Neither product is judged to be less than the minimum limits. Tailings (T3)
are retained in cell.

Fourth flotation

Concentrate (C4) is set aside. Tailings (T4) are retained in cell. Neither product is judged to be less than
the minimum limits.

restrict th
The proce
a) [Initial
No co
arere
b) Secon
Pulp i
Conce
the m
c¢) Third
d)
e)

Fifth flotation

Concentrate (C5) is set aside (judged to be less than the minimum limits). Tailings (T5) are removed
from the cell and retained.

© IS0 2024 - All rights reserved
6


https://standardsiso.com/api/?name=fd1cbe2bef894e4f290d5f6210760b6b

f)

g)

h)

k)

D)

p)
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Sixth flotation

Concentrate (C5) from the fifth flotation was reintroduced to the cell and refloated. Each product was
judged to be less than the minimum limits and they are therefore removed from the cell and retained as
concentrate (C6) and tailings (T6), respectively.

Seventh flotation

Concentrate (C4) from the fourth flotation is reintroduced to the cell and refloated. Each product is
judged to be less than the minimum limits and they are therefore removed from the cell and retained as
concentrate (C7) and tailings (T7), respectively.

Eighth flotation

Conceptrate (C3) from the third flotation is reintroduced to the cell and refloated. Concentifate (C8) is
judged to be less than the minimum limits and retained. Tailings (T8) are retained in the-cell

Ninth [flotation

Each product is judged to be less than the minimum limits. Removed and retained as concentrate (C9)
and tailings (T9), respectively.

Tenth|flotation

Conceptrate (C2) from the second flotation is reintroduced to the,cell’and refloated. Concengrate (C10)
is judged to be less than the minimum limits and retained. Tailings (T10) are retained in the ¢ell.

Eleventh flotation

Conceptrate (C11) is judged to be less than the minimumdimits and retained. Tailings (T11) atte retained
in the|cell.

Twelfth flotation

Each product is judged to be less than the mintimum limits. Removed and set aside as concenfrate (C12)
and talilings (T12) respectively.

Thirtdenth flotation

Conceptrate (C1) from the firstflotation is reintroduced to the cell and refloated. Concentrate (C13) is
judged to be less than the mininidm limits and saved. Tailings (T13) are retained in the cell.

Fourtg¢enth flotation

Conceptrate (C14) isjudged to be less than the minimum limits and saved. Tailings (T14) are fetained in
the cell.

Fifteenth flotation

Conceptrate (C15) is judged to be less than the minimum limits and retained. Tailings (T15) atte retained
in thecell.

Sixteenth flotation

Each product is judged to be less than the minimum limits. Removed from the cell and set aside as
concentrate (C16) and tailings (T16), respectively. Separation is now considered to be effectively
complete.

A.3 Testresults

The results of the test are given in Table A.1.

© IS0 2024 - All rights reserved
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Table A.1 — Results of froth flotation test example

Product Mass (d) Ash (d)
g %
C6 12,0 24,37
C7 33,4 12,80
C8 16,4 793
C9 60,7 8,22
C10 23,8 3,98
C11 83,8 4,10
C12 9,7 7,76
Cl14 28,3 3,12
C15 46,1 3,05
C16 11,0 7,03
T5 274 82,28
T6 2,7 61,87
T7 1,7 43,88
T9 1,3 46408
T12 1,5 49,15
T16 2,0 63,02

A.4 Cal¢ulations

The yield/psh relationship is calculated as follows:

a) Mass
mR =

where

N

(m¢);

freconstituted feed, my

N M
'Z(mc )i +Z(mT)j
=1 j=1

= total number of conceéntrates
=11

= mass of con¢entrate i

For edample, for eoncentrate C13 (i = 13), (m¢);= 14,0 g

M

(mr);

= totalPnumber of tailings

=6

= mass of tailing j

For example, for tailing T5 (j = 5), (mr);= 274 g

Thus

mg

=3758¢g

The difference between mpy and the initial feed mass is considered acceptable.

b) Mass fraction distribution, D, expressed as a percent

Distribution to concentrate i is given by

© IS0 2024 - All rights reserved
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D; =100(mc); / mg

For example, distribution (of reconstituted feed) to concentrate C13 is given by

D =100(14,0)/375,8 = 3,7 %

Simila

rly, the distribution of feed to tailings product T5 is given by

D =100 (27,4)/375,8=7,3 %

(A.2)

The distribution of feed to all products is listed in Figure B.1, in which the products have been arranged

in the

progr
to the

For ex

Y cum,

and th

Acum,

required ascending order of percentage of ash (see Clause 9). Also given In kFigure |
pssive cumulative distribution and ash percentage values, Y, , and A, ,, calculated
Formulae given in Clause 9.

ample, the third (n = 3) value in the cumulative yield column is given by Formula (A.3):

N
h = 2 Dk
k=1
=3,7+12,3+ 7,5 (n =3 terms)

=23,5%
e corresponding value in the cumulative ash column is given by the Formula (A.4):

_ & (DX Ax)
k=1 Yeumn
=[(3,7%2,98) + (12,3%3,05) + (7,5x3,12)] /2355
= (11,03+37,52 + 23,40)/23,5
=3,06%

g

© IS0 2024 - All rights reserved
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a

FEED.
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a @ T13 T14 T15 T16
D @
T1 @ T10 T11 T12
@G> @ @D
2 -3y .| 18 T9
©
T3 <D T7
<>
T4 @ T6
<>
TS

Figure A.1 — Process sequence for worked example

© IS0 2024 - All rights reserved
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Annex B
(informative)

Presentation of results

B.1 Tabulated data
A suggested format for the presentation of results is given in Figure B.1

B.2 Graphical presentation

Itis highlylrecommended that, in addition to the tabular format shown in Figure B.1, théfesults be|presented
graphically, as shown in Figure B.2, where cumulative yield is plotted against cumudative ash on r¢ctangular
coordinatg¢s. A smooth curve drawn through the data points facilitates interpolation, but extrapdlation into
the low-ash region is not possible.

© IS0 2024 - All rights reserved
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