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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
electrotechnical standardization.

The proced

on the ISO lis

Any trade ng
constitute ar

For an expl3
expressions

the World T

www.iso.or

rawn to the possibility that some of the elements of this document may;be the subj

4. ISO shall not be held responsible for identifying any or all such patent rights. Det
ights identified during the development of the document will be in the Introduction a

t of patent declarations received (see www.iso.org/patents).

me used in this document is information given for the conveniéence of users and do
endorsement.

ination of the voluntary nature of standards, the meaning of ISO specific term
related to conformity assessment, as well as infermation about ISO’s adherern
rade Organization (WTO) principles in the Technical Barriers to Trade (TBT
iso/foreword.html.

This docume
Subcommittg

This third ed
revised.

The main ch

the d

Any feedbacl
complete list

nt was prepared by Technical CommitteeSO/TC 102, Iron ore and direct reduceq
be SC 3, Physical testing.

ition cancels and replaces the second edition (ISO 4698:2007), which has been techn

inges are as follows:
ry medium displacementvolumetric method has been included in Annex B.

c or questions on thi9’document should be directed to the user’s national standards b
ing of these bodi€s can be found at www.iso.org/members.html.

e are
br the
ith the

ect of
hils of
ind /or

S not

s and
ce to
see

)

| iron,

ically

hdy. A

© IS0 2022 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=30c97b022386f201562cc7c846c419e2

ISO 4698:2022(E)

Introduction

This document concerns one of a number of physical test methods that have been developed to
measure various physical parameters and to evaluate the behaviour of iron ores, including reducibility,
disintegration, crushing strength, apparent density, etc. This method was developed to provide a
uniform procedure, validated by collaborative testing, to facilitate comparisons of tests made in
different laboratories.

The results of this test should be considered in conjunction with other tests used to evaluate the quality
of iron ores as feedstocks for blast furnace processes.

This document may be used to provide test results as part of a production quality contro] system, as a
basis|of a contract, or as part of a research project.

© IS0 2022 - All rights reserved v
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INTE

RNATIONAL STANDARD ISO 4698:2022(E)

Iron ore pellets for blast furnace feedstocks —
Determination of the free-swelling index

CAUTION — This document can involve hazardous materials, operations and equipment. This
document does not purport to address all of the safety issues associated with its use. It is the
responsibility of the user of this document to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior to its use.
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h ore pellets, when reduced in an unconstrained bed under conditions resembling tho|
reduction zone of a blast furnace. It specifies the determination of the free-swelling

locument is applicable to hot-bonded pellets.

ormative references

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

)82, [ron ores — Sampling and sample prepargtion procedures

| 323, Iron ore and direct reduced iron — Yocabulary
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e purposes of this document,the terms and definitions given in ISO 11323 and the fol
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rolume of pellets in the test portion is measured at room temperature, using
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1d IEC maintain terminélogy databases for use in standardization at the following addresses:

h volumetric

atys. 'T'hn test pr\vhr\n 1S lcnfhnrma"w ror‘nr‘nﬂ nnﬂnv nnr‘r\ncfr‘a]nnﬂ conditions in

fixed bed at

dpparsa

900 °C, using a reducing gas consisting of CO and N,, for 60 min. The volume of the reduced pellets is
measured at room temperature. The swelling index is calculated as the difference between the volume
of the pellets after and before reduction, expressed as a percentage.

5 S

5.1

ampling, sample preparation and preparation of test portions

Sampling and sample preparation

Sampling of a lot and preparation of a test sample shall be in accordance with ISO 3082.

The size range for pellets shall be -12,5 mm + 10,0 mm.

A test sample of at least 1 kg, on a dry basis, of whole-sized pellets shall be obtained.

© IS0 2022 - All rights reserved
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Oven-dry the test sample to constant mass at 105 °C + 5 °C and cool it to room temperature before
preparation of the test portions.

NOTE Constant mass is achieved when the difference in mass between two subsequent measurements
becomes less than 0,05 % of the initial mass of the test sample.

5.2 Preparation of test portions

At least four test portions, each one made up of 18 whole pellets, shall be obtained from the test sample
by random selection.

6 Apparjtus

The usual laloratory apparatus and, in particular, the following shall be used.

6.1 Ordinary laboratory equipment, such as an oven, hand tools, a time-control'deVice and $afety
equipment.

Figure 1 shows an example of the test apparatus.

2 © IS0 2022 - All rights reserved
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Refduction tube Furnace
1 reduction-tube wall 8 electrically heated furnace
2 tegt portion holder 9  thermocouple for temperature regulaftion of furnace
3 gaginlet Gas-supply system
4 lid 10 gas cylinder
5 gagoutlet 11 gas flow meter
6 thgrmocouple for measuring thé reduction temperaturel2 mixing vessel
7 tedtportion
Figure 1 — Example of test apparatus (schematic diagram)
6.2 [Reduction tube, made of non-scaling, heat-resistant metal to withstand tempergtures higher
than P0OC and resistant to deformation. The internal diameter shall be 75 mm * 1 mm.

6.3 Test portion holder, a wire basket made of non-scaling, heat-resistant metal to withstand
temperatures higher than 900 °C. It shall comprise three levels, each made to receive six pellets, for a
total of 18 pellets. Alternatively, the test portion holder may be made by welding a tube to the centre of
three perforated plates, mutually parallel and equally spaced. The tube shall be top-opened and bottom-
closed to allow the thermocouple insertion up to the middle of the test portion. The set shall be made of
non-scaling, heat-resistant metal to withstand temperatures higher than 900 °C. The perforated plate
shall be 4 mm thick, with its diameter 1 mm less than the tube internal diameter, the holes in the plate
shall be 2 mm to 3 mm in diameter, at a pitch centre distance of 4 mm to 5 mm.

Figure 2 shows an example of a reduction tube with the test portion holder.

©1S0 2022 - All rights reserved 3
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Dimensions in millimetres

Key

reduction-tubé-wall opening for thermocouple insertion

testportion
Design of perforated plate when a wire basket is used
as the test portion holder.

4 lid b Design of perforated plate when a test portion holder
with three levels is used.

SN | B @)Y

test portiomhotder

opening for gas inlet

5 opening for gas outlet

NOTE Dimensions not specified in the apparatus clause are shown for information only.

Figure 2 — Example of a reduction tube with test portion holder (schematic diagram)

4 © IS0 2022 - All rights reserved
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6.4 Furnace, having a heating capacity and temperature control able to maintain the entire test
portion, as well as the gas entering the bed, at 900 °C £+ 10 °C.

6.5 Gas-supply system, capable of supplying the gases and regulating gas flow rates.

6.6 Volumetric apparatus, capable of measuring the volume of the test portion to an accuracy of
0,2 ml.

Annex B shows examples of volumetric apparatus.

7 Testconditions

7.1 |General

Volunpes and flow rates of gases are measured at a reference temperature of-0-°C and aft a reference
atmogpheric pressure of 101,325 kPa.

7.2 |Reducing gas

7.2.1] Composition

The reducing gas shall consist of:

CO 130,0% = 0,5 % (volume fraction)

N, (70,0 % £ 0,5 % (volume fraction)

7.2.2| Purity

Impurities in the reducing gas shall net'exceed:
H, 10,2 % (volume fraction)

CO, (0,2 % (volume fraction)

0, [0,1% (volume fraction)

H,0 (0,2 % (volumefraction)

7.2.3| Flow'rate

The flow rate of the reducing gas, during the entire reducing period, shall be maintained af
15 I/min+ 1 1/min.

7.3 Heating and cooling gas

Nitrogen (N,) shall be used as the heating and cooling gas. Impurities shall not exceed 0,1 % (volume
fraction).

The flow rate of N, shall be maintained at 10 1/min until the test portion reaches 900 °C, and at 15 1/min
during the temperature-equilibration period. During cooling, it shall be maintained at 5 1/min.

7.4 Temperature of the test portion

The temperature of the entire test portion shall be maintained at 900 °C + 10 °C during the entire
reducing period and, as such, the reducing gas shall be preheated before entering the test portion.

© IS0 2022 - All rights reserved 5
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8 Procedure

8.1 Number of determinations for the test

Carry out the test as many times as required by the procedure in Annex A.

8.2 Reduction

Determine the volume of the test portion (V})) to an accuracy of 0,2 ml, in accordance with one of the
methods specified in Annex B.

Place six pellets on each of the three levels of the test portion holder (6.3) and place it in the redyction

tube (6.2). C
centre of the

Connect the

Pass a flow
the temperat
reaching 90(

ose the top of the reduction tube. Connect the thermocouple, ensuring that its tip)is
test portion. Close the top of the reduction tube and insert it in the furnace.

bas-supply system (6.5).

f N, through the test portion at a rate of at least 5 I/min and commence heating.
ure of the test portion approaches 900 °C, increase the flow to 15-/min * 1 I/min.
°C £ 10 °C, maintain the test portion under these conditions for‘l5 min.

DANGER —
toxicand t

ventilation hood. Precautions should be taken for the safety of.the operator.

Introduce t
reduction, tu

Some pellets
a shorter red

Replace the 1
(6.4) while

8.3 Volun

Remove the
volume of th

9 Expres

9.1 Calcul

The free-swy

Carbon monoxide and the reducing gas, which contdains carbon monoxide

in the

When
After

, are

refore hazardous. Testing shall be carried out in adwell-ventilated area or under a

reducing gas at a flow rate of 15 I/min * 1 1/min to replace the N,. After 60 n
rn off the power.

show a higher degree of swelling within a;shorter reduction time than 60 min. Ther
uction time may be used as an alternatiyve when appropriate, e.g. 40 min.

hin of

efore,

educing gas with N, at a flow rate of 51/min. Remove the reduction tube from the furnace

aintaining the flow of N, until thetest portion reaches room temperature (below 50

e determination

test portion from the reduction tube and immediately determine and register the
e test portion (V;), applying the same method used for the determination of V.

sion of results

ationefthe free-swelling index (Vp)

°C).

total

lling'index, Vg, expressed as a percentage, is calculated from Formula (1):

Vis =

where

v, -V,

0 %100

0

V, is the volume, in millilitres, of the test portion before reduction;

V; is the volume, in millilitres, of the test portion after reduction.

Record the result to one decimal place.

© IS0 2022 - All rights re
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9.2 Repeatability and acceptance of test results

Follow the procedure in Annex A by using the repeatability value, r = 3,0 (%, absolute). The results shall
be reported to one decimal place.

10 Test report

The test report shall include the following information:

a)
b)

11 Verification

areference to this document, i.e. ISO 4698:2022;

the name and address of the test laboratory;

the date of the test;

the date of the test report;

the signature of the person responsible for the test;

details of any operation and any test conditions not specified“in this document or|regarded as
optional, as well as any incident which can have had an infldénce on the results;

the free-swelling index, Vg;
the time of reduction, if it is not 60 min;

the type of volumetric method employed.

Regular checking of the apparatus is esséntial to ensure test result reliability. The frequency of checking

is a mjatter for each laboratory to determine.

The cpnditions of the followingzitems shall be checked:

reéduction tube;
t¢mperature controland measurement devices;

hs flow meters;

ag

urity of\gases;

go)

—

ecording system;

-+

TIE-COTtI Ol UeVITE;

volumetric apparatus.

It is recommended that internal reference material be prepared and used periodically to check test
repeatability.

Appropriate records of verification activities shall be maintained.

©1S0 2022 - All rights reserved 7
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Annex A
(normative)

Flowsheet of the procedure for the acceptance of test results

Start with independent duplicate results

@ YES o X = (X1 + X2)/2

@ X Ui+ /3

I One more determination |

Y —
@ B X = (Xy + Xy + Xs + Xa) /4

No

x£meédian (X1, X2, X3, X3)

NOTE r: dee 9.2.

Higure’A.1 — Flowsheet of the procedure for the acceptance of test results

8 © IS0 2022 - All rights reserved
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Annex B
(normative)

Methods for determination of the volume of the test portion

B.1 General

This dnnex specifies five methods for the determination of the volume of the test portien|df hot-bonded
pelletls.

As the¢ use of mercury (Hg) should be avoided because of environmental concerns;methodfs using Hg to
determine the volume of the test portion are not recommended. The applicatién of volumetric methods
withdut Hg, such as the ones described in B.3, B.5 and B.6, are preferable.

B.2 |Mercury volumetric method

B.2.1[ Principle

Determination of the volume of the test portion from thevolume change of mercury when the test
portion is immersed in mercury.

B.2.2 Apparatus

An example of the mercury volumetric apparatus is shown in Figure B.1.

©1S0 2022 - All rights reserved 9
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Key
measuring tube graduated in 1/10 ml
test portipn holder
test portipn
devices tq retain test portion holder within the-sample holder

1

2

3

4

5 o-rings
6  clamp for|test portion holder and measuring tube
7  containerywith mercury

8 movable plunger

9  handle and gear box for moeving plunger

10 stopper

Figure B.1 — Example of the mercury volumetric apparatus

B.2.3 Preparation of the sample

Oven-dry the test portion to constant mass at 105 °C £ 5 °C and cool it to room temperature.

B.2.4 Procedure

B.2.4.1 Setthe volumetric apparatus as follows:
— Clamp the empty portion holder in the apparatus.

— Raise the level of the mercury with the plunger driven by the handle, so that the mercury surface is
level with the zero mark of the measuring tube.

— Fix the stopper so that the level of the mercury cannot be raised any more with the handle.

10 © IS0 2022 - All rights reserved
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— Check that the stopper prevents further movement of the plunger when the mercury has reached
the zero mark of the tube.

— Lower the mercury into the container.

B.2.4.2 After the apparatus has been set, carry out the determination as follows:

— Take the test portion consisting of 18 pellets. Remove the test portion holder from the apparatus
and place the test portion in the holder. Clamp the test portion holder in the volumetric apparatus
and raise the mercury level until the fixed stopper prevents further movement of the plunger.

e same value

b test portion

sfer them to

ht there is no
] pour it into

the mercury waste-collection vessel in the laboratory.

B.3 |Oleate-kerosene volumetric method

B.3.1[ Principle

Determination of the volume of the test portion from the difference of the masses obtaingd both in air
and ip water, after forming a thin hydtophobic film on the surface of the pellets with spdium oleate
aquequs solution and stabilizing the filih with kerosene. Calculate the volume relative to the density of
watei.
B.3.2 Testliquids

Prepdre all reagents and‘water freshly as required.
B.3.2l1 Water, distilled or ion-exchange water.

B.3.2|2 Soditun oleate aqueous solution, ¢(C;,H;3CO0Na) = 0,1 mol/]

B.3.2l3+Kerosene, of reagent grade.

B.3.3 Apparatus

B.3.3.1 Container for test liquids (sodium oleate aqueous solution and kerosene), designed to allow
free movement within it of the cage containing the pellets. It shall be made of materials, such as glass,
which do not react with sodium oleate aqueous solution or kerosene.

B.3.3.2 Cage for immersion in test liquids, to hold the pellets during immersion in the reagents. It
shall be made of materials which do not react with sodium oleate aqueous solution or kerosene. It shall
be constructed so that the test portion can be stacked in the cage in two or three layers.

©1S0 2022 - All rights reserved 11
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B.3.3.3 Cage for immersion in water, to hold the pellets during immersion in water. It shall be made
of material to which air bubbles will not adhere.

Figure B.2 shows an example of a cage for immersion in water.

Dimensions in millimetres

045

(]
G
<

o o O o \

Figure B.2 — Example of a cage for immersion in water

B.3.3.4 Absorbent sponges; consisting of two pairs of sponges whose surfaces are covered with
gauze to abs¢rb any reagent-froth on the surface of the pellets.

Figure B.3 sows an example of absorbent sponges.

12 © IS0 2022 - All rights reserved
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7

V A\
1 3 2 1
Key
1 sponge
gauze (fourfold)
pEllets

Figure B.3 —Absorbent sponges

B.3.3|5 Weighing device, capable of weighing the test portion to an accuracy of 0,001 g.

B.3.3|6 Suspensory line, a suitable line, approximately 0,3 mm in diameter, for suspen
in wafer.

B.3.3l7 Beaker, for cafitaining the pellets to be weighed in water, with a suitable capacit

ling the cage

y which does

not c¢ntact the cage. Fhe base-plane area shall be large enough to not significantly chanjge the water

level when weighing-the test portion.

B.3.3|8 Standfor the beaker, either wooden or metal.

Mateffials'that generate static electricity, such as acrylic resin, should not be used.

B.3.3.9 Thermometer, graduated in units of 0,5 °C or less.

B.3.4 Procedure

B.3.4.1 Place the test portion in the cage (B.3.3.2) and immerse the cage with the test portion in the
sodium oleate solution (B.3.2.2) and leave for 30 min. Immediately before raising the cage, repeatedly

shake it to remove air bubbles adhering to the pellets.

Figure B.4 shows a general view of immersion in reagents.

© IS0 2022 - All rights reserved
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Key

1 sodiumo
2 pellets

3 cage

4 Kkerosene

eate solution

Figure B.4 — General view of immersién-in reagents

ove the test portion from the solution and-place the pellets, separated from each

B.3.4.2 Re
in one pair o}isponges (B.3.3.4). Then press the sponges'slightly by hand for 10 s, to absorb the fr

sodium olea

Next, rotate
containers d
test portion.

Use the fresh

B.3.4.3 Planﬁ

this cage co

e adhering to the test portion.

the test portion vertically to aboudty90°, line up another pair of sponges and pre
bwn again for 10 s to ensure thatair bubbles are removed from the whole surface

surface of the gauze.

e the test portion,from which froth has been removed, in the cage (B.3.3.2). Then imj
aining the pellefs)in kerosene for about 10 s (see Figure B.4).

B.3.4.4 Remmove the test portion from the kerosene and put it in a pair of sponges to absoj

kerosene fro

th as deseribed in B.3.4.2.

other,
pth of

ts the
pf the

merse

b the

water

e the test portlon from whlch froth has been removed in the cage for immersion in

age-in the

water to remove air bubbles adherlng to the surface of the test portlon (see Flgure B. )

Record the mass of the test portion and the cage (m;) to three decimal places after immersing them in
water for 1 min.

NOTE

14

Preliminary immersion of the cage in water will help prevent air bubbles from adhering to it.

© IS0 2022 - All rights re
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Key

1  water 5 beaker
2 sinker 6 pellets
3  bplance 7  cage

4  fiphing line 8  stool

Figure B.5 — General view of mass determination in water

B.3.4}6 Remye the test portion from the cage and put it in the pair of sponges to absdrb the water
adheiling te.the surface.

B.3.4\7—=Record the massof the test

Do d o

o tothr e e e T praceoT

B.3.4.8 Suspend the cage from which the test portion was removed and immerse it in water. Obtain
the mass of the cage immersed in water (mj3) to three decimal places.

B.3.4.9 Measure the temperature of water in the container, to obtain the density (p,) of water at that
temperature using relevant tables.

B.3.5 Calculation of volume

© IS0 2022 - All rights reserved 15
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Calculate the volume V of the test portion, in millilitres, to three decimal places using Formula (B.1):
my —(my —m3)

P1

V= (B.1)

m, is the mass, in grams, of the test portion plus the cage in water in B.3.4.5;

m, is the mass, in grams, of the test portion in air in B.3.4.7;

ms is thy

py s the density, in grams per millilitre, of water expressed to four decimal places.

B.4 Mercury immersion method

B.4.1 Priniciple

The volume is determined by immersing the test portion in mercury. The mass of mercury displafced is
measured by a weighing device and equals the mass of the test portion plds the force required to[press
the test portjon below the surface of the mercury.

B.4.2 Apparatus

Figure B.6 sHows an example of the mercury immersion apparatus.

[} o]
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1 3\
f 4
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‘ |
6
/
/
Key
1 reference mark 4  beaker (500 ml)
2 immersion mark 5 mercury (200 ml)
3  basket (0,6 mm sieve) 6  balance

Figure B.6 — Example of the mercury immersion apparatus

B.4.3 Preparation of the test portion
Dry the test portion at 110 °C for 8 h.

16 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=30c97b022386f201562cc7c846c419e2

ISO 4698:2022(E)

B.4.4 Procedure
Add 200 ml of mercury to a 500 ml beaker.
Weigh and record the masses of the test portions to be tested, each consisting of 18 pellets.

Place the beaker on a balance and position the immersion screen in the mercury, adjusting it by
loosening the ring-stand clamp, while moving the screen up or down until it is just covered by mercury.
Mark this position on the ring-stand; the mark serves as the reference setting used in the following
steps.

a) Weigh and record the mass of the mercury and beaker with the screen immersed to the reference
ark, and then tare the balance by calibrating the balance reading to zero. Now remoYe the screen

from the mercury, being careful to remove as little mercury as possible on the screen] (Do not tare

the balance again.)

b) Place the test portion on top of the mercury and lower the screen to the reférence setting, making
spire to immerse the entire test portion. Weigh and record the mass (m,)!

c) Determine the test portion volume by dividing the total mass foufid in step b) by the density of
npercury.

B.4.§ Calculation
Calcujate the volume V of the test portion, in millilitres, using.Formula (B.2):

_m
P2

v (B.2)

where

3

1 is the mass, in grams, of the test partion in mercury;

i)

b is the density of mercury, in grains per millilitre, at the temperature at which the determination
is carried out.

B.5 |Water immersionmethod

B.5.1f Principle

Determination of the volume of the test portion from the mass differences obtained both in air and
watel, after pouring water into the open pores of pellets. Calculation of the volume relative to the
density of water.

B.5.2 “Water

Prepare distilled or ion-exchange water freshly as needed.

B.5.3 Apparatus

B.5.3.1 Cage, to hold the test portion during immersion in water. It shall be made of materials to
which air bubbles do not adhere.

Figure B.2 shows an example of a cage for immersion in water.

B.5.3.2 Suspensory line, suitable line, approximately 0,3 mm in diameter, for suspending the cage in
water.
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B.5.3.3 Container for the water, designed so that the water surface shall not change significantly
when the test portion is immersed in water.

B.5.3.4 Stand for a beaker, either wooden or metal.

Materials that generate static electricity, such as acrylic resin, should not be used.

B.5.3.5 Absorbent sponges, consisting of a pair of sponges whose surfaces are covered with gauze.

Figure B.3 shows an example of absorbent sponges.

B.5.3.6 Wdighing device, capable of weighing the test portion to an accuracy of 0,001 g.

B.5.3.7 Th

B.5.4 Proc

Immerse thd
Leave it in W
decimal plac

Remove the t

Carefully pa

brmometer, graduated in units of 0,5 °C or less.

edure

cage (B.5.3.1) containing the test portion in water and shake itto-remove air bu
ater for 20 min and record the combined mass of the test portion and the cage to

s (my).
est portion from the cage.

Ck each pellet from the test portion in the absorbent)sponges (B.5.3.5). Then repe

procedure affter changing the gauze. (Use the fresh surface of the gauze when packing.)

Record the

Re-immerse
three decimd

Measure the
temperature

B.5.5 Calc

Calculate thd

r:ltass of the test portion (m,) immediately after.temoval from the absorbent sponges.

the cage from which the test portion was removed and determine its mass in water (|
1 places.

temperature of water in the beaKer, to obtain the density (p;) of water at th
using relevant tables. Record the.density to four decimal places.

nlation of results

volume V of the testportion, in millilitres, using Formula (B.3):

_—(m1 -m3)

P1

is thr: niass, in grams, of the test portion plus the cage in water;

bbles.
three

ht the

ns) to

P test

(B.3)

P1

is the mass, in grams, of the test portion in air after immersion in water;
is the mass, in grams, of the cage in water;

is the density, in grams per millilitre, of water at the test temperature.

B.6 Dry medium displacement volumetric method

B.6.1 Prin

ciple

Determination of the envelope volume of the test portion from the volume change of sample bed when
the test portion is placed in the dry medium bed having a constant bulk density. Specifically, the volume
of test portion is determined by multiplying the conversion factor (from the height to the volume) and

18
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the change in height of sample bed with a constant cross-sectional before and before and after placing
the test portion.

B.6.2 Materials

B.6.2.1 Dry medium (DM), glass beads with a nominal diameter of 0,6 mm (0,5 mm to 0,7 mm).

B.6.2.2 Reference material (RM), comprising 18 whole particles of well indurated pellets with
a shape, density and surface structure similar to those of the test portion. Acid hot-bonded pellets
containing no water-soluble minerals are recommended.

B.6.3

Apparatus

An expmple of the dry medium displacement volumetric apparatus is shown in Figure B.7. T

shall
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set ar
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st to disperse particles of the reference material or the test portion in the samplg

densify every test.
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‘)
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transparent glass sample chamber with an inner<diameter of 50 mm + 1 mm which is
set;

d

vice for intermittently rotating the sample chamber;
plunger for consolidating the sample bed;

device for pushing the plunger at\a/constant speed determined before the test and st
cpnsolidation force determined before the test to disperse particles of the reference m|
test portion in the sample chamber as evenly as possible and to consolidate the dry n
1n the sample chamber atthe same bulk density every test.
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olume of RM

+0,5 % when the volume of RM is measured at least four consecutive times, and is composed of (1)

horizontally
plunger at a

hnt speed determined before the test and stopping it at a conselidation force determined before

chamber as

y as possible and to consolidate the dry media portion in-thie sample chamber at tle same bulk

horizontally

bpping it at a
aterial or the
edia portion

clear glass sample chamber (inner diameter: 50 mm + 1 mm)
device for rotating the chamber discontinuously

plunger for consolidating the sample bed

device for moving the plunger

consolidated bed of DM or mixture of DM and test portion
height of DM bed

height of bed composed of DM and test portion

A-B, equivalent to the envelope volume of test portion

Figure B.7 — Example of apparatus for the dry medium displacement volumetric method
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