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Foreword

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
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Introduction

The objective of this document is to provide the coal preparation industry with an accurate, safe, rapid
and site-based method for determining the density partitioning performances of density separators
and, to utilize statistical and mathematical procedures to avoid personal biases in fitting partition
curves to the observed data. To meet the second objective, this document includes formulae which can
be incorporated in a user spreadsheet.
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INTERNATIONAL STANDARD ISO 5146:2023(E)

Coal and coke — Coal preparation plant — Density tracer
testing for measuring performances of coal density
separators

1 Scope

This document specifies the requirements for testing the performances of coal density separators using
density tracers and provides a method for the presentation of test results.

This document is partly based on AS 5213.
This document is applicable to dense medium cyclones (DMCs) and dense medium baths, as follows:
a) for asingle separator;

b) for a group of separators where the feed is distributed between‘them at a point downstream of
density tracer insertion;

c) for density tracers of any size; but rarely used for particles with maximum dimensjon less than
Z2lmm.

This document also provides guidance for testing the performances of other types of density separators
with ¢lensity tracers.

2 Normative references

The fpllowing documents are referred:te’in the text in such a way that some or all of their content
constjtutes requirements of this docurnent. For dated references, only the edition cited applies. For
undafed references, the latest edition-of the referenced document (including any amendmg¢nts) applies.

AS 2418, Coal and coke — Glogsary of terms

3 Terms and definitions
For the purposes ofthis document, the terms and definitions given in AS 2418 and the folldTwing apply.

ISO apd IEC majntain terminology databases for use in standardization at the following addresses:

et

$0 @nline browsing platform: available at https://www.iso.org/obp

— |E€Etectropediaavaitabte at ittpsT//www.etectropedia.org/

31

cut-off time

time which follows the time of last density tracer (3.3) insertion (3.5) by 5 min plus the greater of floats
transit time or sinks transit time

Note 1 to entry: Floats transit time is the average time in minutes since insertion into a separator feed for particles
collected from, or detected in, a separator floats stream. Sinks transit time is the average time in minutes since
insertion into a separator feed for particles collected from, or detected in, a separator sinks stream.

3.2

density separator

device for the cleaning of coal, in which particles are separated into two or more streams according to
their densities

©1S0 2023 - All rights reserved 1
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3.3
density trac

er

non-porous particle of defined shape and density that is not easily broken or abraded

Note 1 to entry: Types include radio frequency identified (RFID) density tracers and non-RFID recoverable
density tracers.

3.4

average probable deviation
écart probable moyen

E

pm
half of the difference between the densities corresponding to the 75 % and 25 % partition coeffi
as obtained from the partition curve

3.5
insertion
placement o
preparation

4 Testm

4.1 Genel
The test met
a)

generati

1) retr

q

[ a density tracer (3.3) into a separator feed stream, typically by dropping into
bcreen oversize launder

ethod

al
hod specified in 4.2 to 4.5 covers the following:
bn and capture of density tracer test data utilizing-either:

eved, re-usable non-RFID density tracers; or,

2) autdmatically detected RFID density tracers;

cients

feed

tition

served

b) use of thipse data to estimate density partition coefficients;

c) presentdtion of those data and results in tabular and graphical forms;

d) fitting ohe of two alternative mathématical forms for the partition curve to the density par
coefficiepts;

e) determination, from the partition curves, of key partitioning criteria.

4.2 Appagatus

4.2.1 Density tracers

For the purppses of this document, density tracers shall have the following properties:

a) shape and dimensions: any that can be fully described in the density tracer test report;
EXAMPLE Cubic, with edge length 13 mm.

b) tolerance on dimensions: 100 % within £10 % of nominal;

c) nominal densities: any;

d) tolerances on density, for cubic tracers of 8 mm edge length and larger:
1) for nominal relative density (RD) values up to 1,60: 99 % within +0,006 RD of the nominal

value;
2 © IS0 2023 - All rights re
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2) for nominal RD values greater than 1,60: 99 % within 0,011 RD of the nominal value.

e) density designation:

1) non-RFID density tracers: by engraving or colour-coding;

2) RFID density tracers: electronically written to an internal memory chip.
NOTE See Annex A for details of suitable density tracers.

4.2.2 Density tracer retrieval or detection equipment

If a tgst1s to be conducted using non-RFID density tracers, apparatus 1or use as alds [0oL.r
be sujtable for the circumstances (see Annex B).

If a tgst is to be conducted using RFID density tracers, radio equipment shall be présent
of data from each density tracer in the floats and sinks streams from the density sepd
Annek B).

4.3

4.3.1| Density tracer selection

Density tracer selection shall be as follows.

a)
b)

)

d)

4.3.2| Insertion of density tracers

The fpllowing procedure shall be used for the insertion of density tracers.

a)

b)

d)

Procedure

Decide on one or more nominal sizes.

Fpr each nominal size, decide the nominal densities (guidance is provided in Annex C)
Fpr each nominal size, decide the number-of density tracers to be used at each non
being:

1) no less than 30;
2
A

equal to the number selected at every other nominal density.

ssemble those density trdcers.

ecide on_the insertion point and required test duration and calculate the requ
between‘density tracer insertions as the test duration in seconds divided by the tot
densitystracers selected.

btrieval shall

for retrieval
rator(s) (see

linal density,

red interval
al number of

OTE Annex B provides further information on test durations.

Ensure that retrieval personnel or detection equipment are in place and activated.
Record the time at which the first density tracer was inserted.

At approximately the calculated intervals, insert or drop the density tracers into the

feed stream

of the density separator(s) to be tested (see Figure 1), either manually or using a mechanical

dispenser. The density order of density tracer insertions shall be either:

1) pseudo-random, by mixing the selected density tracers prior to one-by one selection and

insertion; or

© IS0 2023 - All rights reserved
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2) following a protocol whereby one density tracer of every selected size and density is inserted,
one-by-1, followed by a second density tracer of every selected size and density, etc.

e) Record the time at which the last density tracer was inserted.

Unplanned interruptions to plant feed of up to 10 min duration can be tolerated, but tracer insertion
shall be stopped, restarted when feed is resumed and documented.

Figure 1 shows typical locations for the insertion of density tracers and for the retrieval or detection of
density tracers.
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1 real-time display of partition curve 7  DMC module
2 typically, density tracers would be added here 8 non-radio density tracers would be retrieved here
3 medium 9  sinks drain and rinse screen
4  de-sliming screen 10 floats drain and rinse screen
5 sump or wing tank 11 detectors for radio density tracers
6 pump

NOTE1  Thisis asimplified typical flowsheet showing points of addition and retrieval of density tracers.
NOTE 2 In this case, the separator is a dense medium cyclone.

NOTE 3 For RFID density tracers, alternative locations for detectors are at the drain-and-rinse screens.

Figure 1 — Example of a simplified density separator flowsheet

4 © IS0 2023 - All rights reserved
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4.3.3 Density tracer retrieval or detection and data capture

4.3.3.1 Non-RFID density tracers

The procedure shall be as follows.

a)

b)

In some circuits, screens cannot be readily accessed for density tracer retrieval, an
retrigval points should be sought. For example, primary density separator sinks may be fg
a secondary density separator without passing a drain-and-rinse screen. In that case, de
ved from secondary density separator floats and sinks<should be reported as prifary density
separptor sinks.

retrid

Any density tracers retrieved from the screens after the&<cut-off time should not be includ
data.

If the|density tracers are to be retrieved by magnets, they should be ferromagnetic.

4.3.3{2 Automatically detected RFID density tracers

The pirocedure shall be as follows.

a)

b)

If accessto suitable locations for detector placement is limited alternative locations sho
For e

jay dictate thattwo or more detection points are required.
Any

Retrieve density tracers from the material on the floats drain and rinse screen(s) (see Figure 1) by

hand or using a scoop or net or magnets. Place them in one or more containers marked
Figure 1, NOTES 1, 2 and 3).

“Floats” (see

Retrieve density tracers from the mater1al on the sinks drain and rinse screen(s) by hand or usmg

wn

prt the density tracers retrieved from floats before the cut-off time according to th
hd record the number for each density.

o8]

Sprt the density tracers retrieved from sinks before the cut-off time aeCording to th
apd record the number for each density.

Detect and record the densities of RFID density tracers in the floats stream using RF
lacated downstream of the-density separator (see Figure 1). In some cases, circuit ¢
may dictate that two ormore detection points are required.

Detect and record:the densities of RFID density tracers in the sinks stream using RF
lgcated downstfeam of the density separator (see Figure 1). In some cases, circuit ¢

ensity.tracers detected after the cut-off time shall not be included in the test data.

see Figure 1

eir densities

eir densities

1 alternative
d directly to
nsity tracers

bd in the test

[D apparatus
onfiguration

D apparatus
onfiguration

w1th0ut passing a conveyor In that case, den51ty tracers retrieved from both floats and sinks of a
secondary density separator should be reported as primary density separator sinks.

4.4 Data processing

4.4.1 Data acceptability

4.4.1.1 Selection of tracer densities

To be acceptable, the selected density tracer densities shall include the following eight RDs from Table 1:

a)

the four RDs which are closest to the d;

© IS0 2023 - All rights reserved
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b) atleast one RD in the range 0,05 to 0,10 lower than the dg (unless the ds is less than 1,31 RD);
c) atleastone RD in the range 0,05 to 0,10 higher than the dc;
d) atleast one RD in the range 0,10 to 0,20 lower than the dg, (unless the ds is less than 1,36 RD);
e) atleastoneRD in the range 0,10 to 0,20 higher than the d,.

See Annex A for more information.

Table 1 — Typical densities and density tolerances of density tracers for coal operations (8 mm
and larger)

Nominal density | Tolerance 99 % | Nominal density | Tolerance 99 % | Nominal density | Tolerance 99 %
RD units RD units RD units RD units RD units RDP’units
1,26 0,006 1,44 +0,006 1,62 0,011
1,27 0,006 1,45 +0,006 1,64 +0,011
1,28 +0,006 1,46 +0,006 1,66 +0,011
1,29 +0,006 1,47 +0,006 1,68 +0,011
1,30 +0,006 1,48 +0,006 1,70 +0,011
1,31 0,006 1,49 +0,006 1,72 0,011
1,32 0,006 1,50 +0,006 1,74 +0,011
1,33 +0,006 1,51 +0,006 1,76 +0,011]
1,34 +0,006 1,52 +0,006 1,78 +0,011
1,35 0,006 1,53 0,006 1,80 0,011
1,36 0,006 1,54 20,006 1,82 0,011
1,37 0,006 1,55 +0,006 1,84 +0,011
1,38 +0,006 1,56 +0,006 1,86 +0,011
1,39 +0,006 1,57 +0,006 1,88 +0,011
1,40 0,006 1,58 +0,006 1,90 0,011
1,41 0,006 1,59 +0,006 1,95 0,011
1,42 0,006 1,60 +0,006 2,00 +0,011
1,43 +0,006 2,10 +0,011
For density tfracers smallerthian 8 mm, cubes wider 99 % density tolerances may be accepted, but|those
tolerances slall be determinéd and recorded on the density separator performance report.
4.4.1.2 Collection/detection rate
To comply with this document, the collection or detection rate for density tracers over all derfsities
employed shhll-Be notless than 70 %

NOTE1 Tracer losses or non-detections influence the fitted curve parameters. For collection/detection rates
of 90 % or more, the data acceptability provisions are intended to achieve more than 95 % confidence that, by
ignoring those losses or non-detections, the fitted values of:

a) dsywill be changed by less than 0,01 RD; and
b)  E,, will be changed by less than 25 %.

NOTE 2  For collection/detection rates less than 90 % that confidence level (95 %) is likely to be
disproportionately reduced.

NOTE3  The 25 % confidence level for E;, can also be reduced if E, falls below about 50 % of the interval
between adjacent tracer densities [e.g. below 0,005 (50 % of 0,010 RD)].

6 © IS0 2023 - All rights reserved
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4.4.2 Calculation of partition coefficients

For each density tracer density employed in the test, calculate the observed partition coefficient, as a
percentage:

N
P, = 100x———— D
(Ns + Nf )
where
P, isthe observed partition coefficient to sinks;

N, is the number of density tracers collected from or detected in sinks;

S

M; is the number of density tracers collected from or detected in floats.

NOTE|1  The numerical factor 100 is used to convert the dimensionless partition toéfficient to[a percentage,
%.

Alternatively, partition coefficients may be expressed in terms of percent to floats. This requires a
number of changes in the procedures for calculating partition coefficients and for fitting [the partition
curvds; these are detailed in Annex F.

The cponventional procedure for configuring partition curves‘with the abscissa in terms pf percent to
sinks|detailed in 4.4 to 4.5 shall be used. In case the relevant formulae on Clause 4 are phot used, the
formylae in Annex F shall be used to configure partition curves in terms of percent to floafs.

NOTE[2  Refer to ISO 923 for more information on partitien coefficients.
4.4.3| Confidence intervals for partition points

4.4.3{1 Tracer densities
The 95 % confidence intervals for the RFID density tracers described in Table 1 shall be taken as:
a)
b)

I+

0,005 RD for nominal RDs1,30 to 1,60;

1+

0,010 RD for other ngminal densities.
4.4.3]2 Partition coéfficients

4.4.312.1 General

For eqch setected RD, the lower and upper 95 % binomial confidence limits and the overd|ll confidence

interyal shall be calculated using Formulae (2) to (4) which are based on the invers¢ cumulative

i ibution function for nrobabilitv _»n
dlStrlb r J7 FBETA.INV

4.4.3.2.2 Lower confidence limit, L

L¢y, =100X pgra.Inv(00,25 N (Nf +1)) (2)

with the proviso that if the number collected or detected in sinks is zero, the lower confidence level
shall be zero.

©1S0 2023 - All rights reserved 7
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4.4.3.2.3 Upper confidence limit, L,

Ley =100X pggTA.INV(00,975(N +1) Ny )

(3)

with the proviso that if the number collected or detected in floats is zero, the upper confidence level

shall be 100.

4.4.3.2.4 Overall confidence interval, I,

Ico =Ley — Lew, (4)
NOTE1 Se¢ Reference [2] for more information on confidence limits. Employing a spreadsheet function, and
for partition doefficients to sinks, examples of confidence limits for cases where 27 density tracers of grie RD are
collected or de¢tected are given in Table 2.

Table 2 — Examples of confidence limits
N N Partition coefficient 95 % confidence limits
s f estimate Lower Upper Overall
0 27 0,0 0 12,8 12,4
15 12 55,6 35,3 74,5 39,7
27 0 100,0 87,3 100 12,7
NOTE 2  Aslan example for clarity, for the point represented in the.seécond line of the table:
a) the uppef part of the confidence interval will extend from 55,6 % to sinks upward to 74,5 % to sinks;
b) thelower part of the confidence interval will extend from 55,6 % to sinks downward to 35,3 % to sinks.
4.4.4 Twolforms of the partition curve
To facilitate pbjective comparisons of partitioning performances, partition curves shall be constrfained
within partifion coefficient limits of 00100 and fitted using a computer-aided technique to [avoid
personal biages.
One of two mathematical forms for the partition curve to sinks shall be employed.
a) A 4-pardmeter form of the)logistic function, which incorporates a constant, the natural logafithm
of 3 (or 1,098 6), and.is'khown as the Modified Whiten curvel2l.
Ty—T,
P, =T, + g0 (5)
In(3)
1+exp| ——x(X-d)
pm
where
d is the relative density of density tracers associated with one partition coefficient;
P is the estimate of the partition coefficient to sinks (in the range 0 to 100) for density tracers
of relative density d;
T, is the asymptote at =« RD (an indicator of bypass of low-RD particles to sinks);
T, is the asymptote at + e RD (100 - T, is an indicator of the bypass of high-RD particles to floats);
X is a parameter relating to the separation density of the partition curve; in cases where T is 0

and Ty is 100, X becomes equal to dx,.

© IS0 2023 - All rights reserved
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E,, isonehalfofthe difference between the densities corresponding to the 75 % and 25 % partition
coefficients as obtained from the partition curve.

The literature to date appears not to recognize that dx, should not appear in Formula (5). The new term
X should be used. For known or fitted values of T, Ty, Xand E,,;,, d5, can be calculated using Formula (6).

E T, —50
dsy =X ———xIn| -1 (6)
In(3)" | 50-T,

NOTE1 Asan aid to computer implementation, linear versions of some formulae are presented in Annex G.

b)

: n curve, but
includes terms to cater for the rotational asymmetry exhibited by many sets of partitioning data.
Spme terms in the two forms are identical or closely related but, for clarity and ‘foif consistency
with Reference [3], the two formulae use different symbol sets.

A-D
B=D+——"— (7)

B

144

C
here A, B, C, D, G are parameters which, in concert, fully défine the partition curveg asymptotes
hd the curve shape.

L =

NOTE|2 Ifadatasethasbeen fitted using the 5-parameter logistic curve, the familiar partitionirlg parameters,
Ty, T1|dso and Ej, can be calculated as given in Formulae (8) to (11):

Th=A 8)
T| =D )
1
1 B
A-D \¢
dk,=C -1 10
b0 (SO—D) ( )
1 1
a \B 1 B
c A-D G_1 B A-D 3
75D 25-D
Epm = 2 (11)

NOTE|3 £Sée Annex E for information on the interpretation of partition curves.

NOTEY% frr any simutationrexercise ubiug Formula r| 7\|, dSO calrbeincreased b_y trreT cabiug theparameter C to
C + 8C; but the value of E,,, will also change, and that can be considered undesirable. Such undesired change in

E, can be mitigated if the value of B is simultaneously multiplied by (1 + 6C x 0,769).

4.4.5 Fitting the partition curves

Using the selected formula form, and initial values for the parameters to be fitted (see Table 3), calculate
the partition coefficient for each of the density tracer densities employed.

For each predicted partition coefficient, calculate the weighted residual error ¢, as

P-P
S (o]
Cco

©1S0 2023 - All rights reserved 9


https://standardsiso.com/api/?name=4cc4125d0f4213c251d30569a5fb48c9

ISO 5146:2023(E)

where

PS
curr

Ico isth

ent iteration of the fitting procedure;

e magnitude of the overall confidence interval for that partition coefficient.

is the partition coefficient to sinks calculated using curve parameters being assessed in the

The fitting shall proceed by progressively minimizing the sum of squares of the weighted residual
errors by adjusting those of the partition curve parameters which have not been set, using nonlinear
optimization. Suitable methods are commonly available as add-ons for standard spreadsheet packages.

Fabtes—F bre-acdt whemnfittmet .

Recommended initial values and constraints

coefficient > 5

If P, for tracer
tracers of the |

Mogdified Whiten (4 parameters) 5-parameter logistic (B >0)
Parameter | Initial value Constraints Parameter | Initial value Constraints

min. max. mih. mgx.

T, 0 0 100 A 0 0 100

T, 100 0 100 B 150 10 500

X estimate @ 1,00 4,00 C estimate 2 1,00 4,00

Eom 0,010 0,002 0,300 D 100 0 100

G 1 0,5 10
a  For Xor fof C, a suitable initial estimate would be the RD of the lowest-RD tracers which returned an observed paftition

%.

of the lowest RD is zero, set T, and A to zero and do notallow the fitting procedure to adjust them. If]
ighest RD is 100, set T; and D to 100 and do not allow:the fitting procedure to adjust them.

Po for

4.4.6 Asyr

As an indicafor of the difference between twg partition curves, this document defines a partition

asymmetry f

NOTE2 Be
is always unit

dg
ds

F. =

a

NOTE1l In

4.5 Testr

hmetry factor for 5-parameter logistie

actor, F,.

|

bituations where bypass exceeds 2 % (a greater than 2, or D less than 98), F, is not defined.

—dsg

—dp;

Cause the Modified Whiten curve is symmetrical (rotationally, about the ds), its asymmetry
.

Pport

curve

(13)

factor

An example
a)
b)
‘)
d)
e)
f)

referenc

number

10

ok . LinEi 2T hallinclude:
e to this document, i.e. ISO 5146:2023;

date and time of insertion of the first density tracer (test start time);
date and time of test end (cut-off time);

density tracer shape and size and whether RFID-detected or manually retrieved;

of density tracers of each density;

the overall collection or detection rate;
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g) a

ISO 5146:2023(E)

table showing, for each density tracer density employed,

1) the number retrieved from, or detected in, floats;

2) the number retrieved from, or detected in, sinks;

3) the total number retrieved or detected;

4) the calculated partition coefficient (in this case, to sinks);

h) agraph showing:
1) _calculated partition points;
2) confidence intervals for each partition point for both the tracer density dnd
coefficient; and
3) a density partition curve (Modified Whiten or 5-parameter logistig) \fitted to
points, and not extending beyond the range of tracer RDs;
i) pprtitioning performance parameters determined from both fitted partition curves:
1) bypass to sinks (T;) (in many cases the fitted curve shows zero bypass to sinks);
2) bypass to floats (100 - T,) (in many cases the fitted curve shows zero bypass to fl
3) dsp;
4 Epm;
5) asymmetry factor F, [see Formula (13)].ifthe 5-parameter logistic curve is emplo]
A suiffable means for computer-aided representation of a partition curve is as follows:

— C

|
L o

NOTE

hlculate and plot partition coefficients at RD intervals of 0,01, using no marker.

se a straight line to join every adjacent pair of partition coefficients (this is sometimg
5 a “2-D line”).

See Annex D for a test veport template.

the partition

the partition

pats);

red.

s referred to

© IS0 2023 - All rights reserved

11


https://standardsiso.com/api/?name=4cc4125d0f4213c251d30569a5fb48c9

ISO 5146:2023(E)

Plant DENSITY SEPARATOR PERFORMANCE REPORT Date
XYZ based on a density tracer test 1-Jan-18
Number of tracers used at every RD? (must be 30 or more) 30
Collection/detection rate? (must be 70 % or more) 92,7
Did the density tracer RDs include:
the 4 closest to the fitted cutpoint? yes
one each between 0,05 and 0,10 below and above the cut-point? yes (not below if cut-point <1,36)
one each between 0,10 and 0,20 below and above the cut-point? yes (not below if cut-point <1,31)
Did the test meet these 5 requirements of ISO 51467 yes
Audit ID Module ID Feed blend Start End Density tracer results
180101/2B 2 33%B1/67%F3 11:15am | 12:04pm frtorsTrTi St 08
Tracer type, shapd and key di ions mm For additional classes use additional sheets O
RFID cubic 13njm edges RD Collected/detected in J
Separator details | (including class, manufacturer, model, key dimensions, condition) Floats Sinks Total f\gks
1,30 29 0 29 0
1,35 29 0 29 0
1,40 29 1 30 3
1,44 26 1 27 4
1,48 20 7 27 26
1,49 18 10 28 36
1,50 17 12 29 41
Operating conditigns and observations 1,51 13 17 30 57
1,52 4 23 27 85
1,53 0 28 28 100
154 0 27 27 100
1456 0 27 27 100
1,58 0 27 27 100
1,64 0 26 26 100
1,70 0 27 27 100
Other comments 1,80 0 27 27 100

Density tracer partition curve

100 ; >9 l l l
75 N\
'
%)
<
£
» 50 \ 9
o
o
B \
)
25 S
0 &~ e -
1,30 1,35 1,40 1,45 1,50 1,55 1,60 1,65 1,70
RD bars indicate 95 % confidenceintervals
PARTITION CURVE PARAMETERS Bypass to sinks Bypass to floats dso Epm Asymmetry factor
(dog - dso)/ (dso - do2)
5-parameter logistic 0 % 0 % 1,504 0,015 0,549
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NOTE 1 In this case, the 5-parameter logistic curve has been fitted. If the Modified Whiten curve were used
the curve and its parameters would be different.

NOTE 2 The example in Figure 2 includes the minimum required data, as well as:

a) optional identifiers for plant, circuit and feed coal,

b) optional colour zones as an aid to checking for acceptable selection of tracer RDs (see 4.4.1.1); the
range for each colour zone can be calculated only after the d, has been determined (see 4.4.4),

c) afitted partition curve with its key performance parameters.

Figure 2 — Example of a density tracer test report

©1S0 2023 - All rights reserved 13
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Annex A
(informative)

Density tracer properties

A.1 Non-RFID density tracers

Typically, noh-RFID density tracers are cubic plastic particles that incorporate powdered filler'stp give

appropriate

densities. They may embody properties designed as aids to identify or retriéve/d¢nsity

tracers from|floats and sinks streams. For example, they can be brightly coloured for manualcollection,
ferromagnetjc for collection by magnets, or luminescent under X-rays for collection by-X-ray s¢rting

machines.

Density trac
and sinks st

brs with an edge length of 8 mm and larger are sometimes manually:-retrieved from ffloats
reams. For dense medium cyclones (DMCs), 32 mm cubes are comimonly used. Th¢y are

distinctively|and brightly coloured to facilitate retrieval, and the RD is indicated by engraving on each

density tracqr (see Figure A.1). Available RDs and RD tolerances are showh in Table 1 (see 4.4.1.1)

RD intervals|of 0,01 RD units between adjacent density tracer densities are recommended if the|ds is

expected to e below 1,6 RD.

For smaller density tracers (down to about 2 mm), engravingis.hot appropriate and RD may be indicated

by colour coding (see Figure A.2).

Figure A.1 -

— 32unm non-RFID cubic density tracers for manual retrieval, engraved to show RD

14
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A2

Nomi
the s4

e » |

Figure A.2 — Non-RFID cubic density tracers in small sizes, colour-eoded for

RFID density tracers

RD

hal RD is recorded in a memory chip within the density tracer (see Figure A.3). RD tolerances are

me as those for 32 mm non-RFID density tracers.
Q 4
>

igure A.3 — RFID,cubic density tracers in sizes with edge lengths of 32 mm and

| 13 mm

© IS0 2023 - All rights reserved
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Annex B
(informative)

Test duration and aids for density tracer retrieval or detection

B.1 Test duration

The common

duration of a density tracer test is approximately one hour.

The upper linit is optional and may be selected to achieve particular objectives.

The lower lin
testusingat

a) manual1
b) RFID def
B.2 Retri

Density trac
screens. Use
handled scoq

Excessive log

a) useofsn

b) deep beds of floats or sinks on screens.from which tracers are retrieved (the use of larger ti

will help
c) insuffici
d) excessiv

e) retentio
informat

hit is dictated by the frequency at which density tracers can be retrievedior detected
ptal of 360 density tracers:

etrieval: approximately 18 min (1 density tracer inserted every 3.5);

ection: approximately 6 min (1 density tracer inserted every second).

eval of re-usable density tracers

ers may be retrieved by hand from the discharge lips of the relevant drain-and
of retrieval aids may be considered. Such aids“imay be in the form of light-weight,
ps or nets (see Figure B.1) or magnet assempli€s.

ses of non-RFID density tracers can be caused by:

nall density tracers;

overcome this problem);
bnt personnel;
bly short time intervalbetween insertions of density tracers;

1 in the density”separator of density tracers and coal (see Reference [6] for
ion).

Fora

trinse
long-

acers

more

a) Example of a light-weight weight scoop for manual retrieval of density tracers

16
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B.3

Typichlly, RFID density tracer detectors are installed under conveyors (see Figure B.2), do
the lopding points of floats oysinks from the density separator(s) being tested. A plant wh

prima3

Alter
separ]

RFID
detec

A test

Figure B.1 — Examples of aids for manual retrieval of density tracers

Detection of RFID density-tracers

ry and secondary floats,as well as sinks, usually requires three detectors.

hative locations inelude the discharge regions of drain-and-rinse screens. In these
ate detector isTequired for every screen treating floats or sinks from the density seg

fions and\the developing partition curve in real time (see Figure B.3).

may. be conducted by a single operator.

Exces

sive non-detections of RFID density tracers can be caused by:

a) communication failures between density tracers and detectors;

c) Example of use of a light-weight net formanual retrieval of density tracdrs

wnstream of

ch generates

situations, a
arator(s).

systems camincorporate a control centre, which can tune and activate the detector$ and display

b) retention in the density separator of density tracers and coal (see Reference [6] for more
information).

© IS0 2023 - All rights reserved
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Figure B.3 — Control station for collation of detections and real-time display of the partition

B.4 Checklist

Prior to a density tracer test, ensure the following are available:

a)
b)
‘)
d)
e)

18

curve

a prepargd list.ofirequired density tracers, and those actual density tracers;

sufficierT: personnel who have been trained in their allotted tasks;

free, non-hazardous access to, and adequate lighting at, all points where personnel will work;
a camera (if required as an aid for capture of data for manually retrieved re-usable density tracers);

an action plan for the event of loss of feed during a density tracer test; this shall include instructions
to:

1) immediately interrupt the insertion of density tracers and record the time;
2) wait for the re-introduction of feed and record that time;
3) wait a further period considered sufficient for plant stabilization;

4) recommence density tracer insertion and record that time.
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Annex C
(informative)

Selection of density tracers

General

This 4
to ger

C.2

C.2.1

For dense medium cyclones (DMCs), there is usually little difference in partitioning b

parti
may k

The g
a)

—

t

b) s

C.2.2

Densé
near-
feed.
bath |

C.2.3

To co
availd
consuy

Rleference [6] for more information).

innex provides guidance in selecting the sizes, densities and numbers of density trag
erate a useful partition curve.

Density tracer size or sizes

Dense medium cyclones

les larger than about 5 mm. Therefore, density tracers of any size from 5 mm to 60
e used to approximate the performances of density traceps-over that entire range.

reatest particle-size-related differences in performance relate to the special situatio

btention of near-density particles (more prevalent for larger particles including 1
acers);

irging discharge, triggered by retention~of near-density coal particles, or floats

Dense medium baths

medium baths sometimes have size-related issues caused by damage to “skirts’
Hensity material or by capture of low-density particles by sinks lifters due to plun
Nevertheless, density tracers of a single size usually give adequate definition of de
partitioning of all feed particles larger than approximately 15 mm.

Cases where bypass is not expected

hsistently generate suitable data for a reliable partition curve, each test would need
ble densities over a wide range (see Figure C.1). Such an approach would be expens
ming;;and the data acceptability provisions of 4.4.1.1 address those problems.

ers required

ehaviour for
mm or more

hs of:

arge density

verload (see

“rafting” of
bing entry of
nse medium

to employ all
ve and time-

Detai

s-of the curve are not known prior to the test. The following can increase confidé

bnce that the

selection requirements of 4.4.1.1 will be met.

a) Conduct a preliminary test using a small number of density tracers over a wide range of densities
and at wide density intervals.
b) Rely on previous test results or on other observations of the circuit, or on rules of thumb, such as:
1) ds, for a dense medium cyclone is typically approximately 0,1 RD units higher than the feed
medium density; that for a dense medium bath is usually within 0,02 RD of the feed medium
density.
2) For a well-operated dense medium cyclone, the entire section of the partition curve where it

rises from 0 % to sinks up to 100 % to sinks can usually be encompassed by a tracer density

range from dg, - 0,06 RD units to ds, + 0,06 RD units.

© IS0 2023 - All rights reserved
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100 ———eeeeececcscocos e

75 .

50

25

0 oo
1,2 1,3 14 15 16 1,7 1,8 19 20 21X

Figure C.1 — Example of tracer density selection covering all densities within a wide range

C.2.4 Casqgs where bypass is expected

If substantigl misplacement by bypass is anticipated (some low-density particles report to sifks or
some high-density particles report to floats), it is desirable that such‘by-pass is defined by selection of
additional trpcer densities at wide intervals over the affected range (see Figure C.2).

Y
100 -e y

75 e

50 -

25 \ W

0
12 1,3 1,4 1,5 1,6 X

Figure C.2 +— Example of a partition curve with good selection of close RDs around d;, and|with
arange of lower RDs to define an anticipated low-density “tail”
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D.1

This gnnex contains a test report template (see Figure D.1).

For djagnostic and record keeping purposes, it is common to record on the density trace
the following information:

a)

b)

A tesf report for a dense medium cyclone module may include ‘the following list of re
parameters to be determined and recorded. This document do€s not require the following
to be recorded on the test report, but it can be useful for troubleshooting and yield optimi:

See Reference [4] for more information.

D.2
The
a)
b)
c)
d)
e)
f)
g)
h)
i)

j)
k)
1)
m)

n)

ISO 5146:2023(E)

Annex D
(informative)

Density tracer test report template

General

class and model of density separator(s), plus measurements and observations d
bndition;

(@)

key operating conditions (some of these may be available from théplant records).

Design variables

dlesign variables are:

(@]

yclone diameter (mm);

—u

mlet diameter (mm);

%)

pigot diameter (mm);

brtex finder diametey(mm);

<

<

prtex finder lefigth (mm);

(@)

bnfiguration(e.g. single unit, 2 units off Y-piece);

o

arreldength (mm);

(@]

bhr€)angle (degrees);

r test report

escribing its

bcommended

information
ration.

brand/manufacturer;

type of entry;

type of lining;

nominal feed rate (wet or dry metric tonnes per hour);

spatial relationship between end of involute and bottom of vortex finder;
degree of wear (e.g. amount of internal roping profile):

1) pump-feed or gravity-feed;

2) magnetite grade.

© IS0 2023 - All rights reserved
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D.3 Control variables

The control variables are:

a)
b)
0)
d)
€)
f)
g)

pressure (gauge);

pressure variation for duration;

feed medium relative density;

feed medium relative density variation for duration;

feed soli

feed soli

dc flox + Loazol o ftonnac nax baoiie).
)

floxazrata + Az pmanter
FrSTrovWraee W et oty et e tonn e s perTott

s flowrate variation for duration;

coal waghability characteristics:

1) yield estimate as a percentage;

2) feed
of DMC feed);
3) feed|blend and variability estimate.

D.4 Operlltion limiting variable

limiting variable is: volumetric medium: coal ratio.

mechanic variables

mechanic variables are:

overflow medium relative density;

underflgw medium relative density;

bf RD measurement;

fe grade;

percentdge of magnetics/in feed medium.

The operati
D.5 Fluid
The  fluid
a)
b)
c¢) method
d) magneti
e)
D.6 Data

Record medi

22

measurement and presentation

i RD when measurements are made.

size distribution (+4 mm and at least 2 fractions between 4 mm a@nd nominal bottom size
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