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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.
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Introduction

Uranium dioxide (UO7) powder is the source material for the manufacture of nuclear fu
and is produced for use in nuclear reactors by a variety of processes. Specifications for

el as pellets,
U0 powder

used in the production of sintered pellets as a nuclear fuel are given in standards such as ASTM C753(3]

or specifications supplied by the user. These specifications can include requirements for
bulk) density, tap density, or both.

apparent (or

This document specifies a method for determination of the apparent density and tap density of free-
flowmg UO; powder, and can be used for a Varlety of powder types. The method can also be applied to

for thpse powders

It hag been assumed in the preparation of this document that the execution of itsprovis
interpretation of the results obtained are entrusted to appropriately qualified and.experie
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Uranium dioxide powder — Determination of apparent
density and tap density
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This document specifies a method of determining the apparent density and tap density of free-flowing
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mm- dioxide (1J02) nowder which will be used for nelleting and sintering of 110-
6 ZT T 5 S 2

hr fuel.

method can be used for different UO; powder types including grains, granules, sph
of particles. The method can also be applied to other fuel powders as PuOg; ThO
res as UO2-PuOy and UO2-Gd»0s3.

Hocument is based on the principle of using a flowmeter funnel (See 4.1). Other 1
atus, such as a Scott volumeter, can also be used.
ormative references

are no normative references in this document.

erms and definitions
e purposes of this document, the followingterms and definitions apply.

1d [EC maintain terminological databases for use in standardization at the following

C Electropedia: available at http://www.electropedia.org/

rent density
bulk density
ass per unit volime of a powder obtained by free pouring under specified conditiong

ensity
ass per-unit volume of a powder in a container that has been tapped under specified

4 F

pellets as a

bres or other
and powder

neasurement

addresses:

conditions

4.1

Apparent density

A portion of sample is allowed to fall through a funnel of standard dimensions into a tared density cup
filled up to a mark which defines a distinct volume. The cup and contents are weighed to determine
the mass of the material in the known volume. The apparent density is calculated from the mass and
volume of the powder.

4.2

Tap density

A calibrated density cup containing a weighed portion of sample is tapped by means of a special
apparatus. The tapping conditions are fixed. The tap density is determined from the mass and volume
of the powder after the treatment.

© IS0 2019 - All rights reserved
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5 Apparatus

5.1 Powder flowmeter funnel, having an orifice diameter, d, of 2,5 mm, 5,0 mm, 10 mm or 15 mm,
depending on the powder type, having a conical angle of 60° and some means of closing the orifice (see

Figure 1).

Dimensions in millimetres

[¥a}
o
O
?\‘.
m
218 >
220
255

Key

0,2 0,2 052 0,2
=2,5"02,55,0°02,10,0" %201 15,07

a  These dimensions\axe mandatory.

Figure 1 — Powder flowmeter funnel (according to Reference [1])

5.2 Density cup, a graduated cylindrical cup having a capacity of 10 cm3, 25 cm3, 50 cm3 or 100 cm3,
depending on the powder type.

5.3 Tapping device, consisting, for example, of a baseplate which is tapped by a motor with worm drive
and a cam shaft speed of (250 + 15) min-1 and enabling a tapping stroke travel of about 2 mm to 3 mm.

5.4 Adjustable counter, which can be preset to deliver a number of taps between 1 and 9 999.

2 © IS0 2019 - All rights reserved
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5.5 Stand, to support the powder flowmeter concentric with the density cup so that the bottom of the
powder flowmeter orifice is 50 mm above the mark of the density cup when the apparatus is assembled
as shown in Figure 2.

I
I
I
I
I
I
L
L

Figure 2 — Stand with powder flowmeter funnel and density cup (without tappinig device)

5.6 [Balance, having a capacity which.s-suitable for the chosen density cup and a sensitiyvity of 0,01 g
or better.

6 Sampling and samples

A representative laboratory’test portion shall be taken from the UO; powder production batch to be
characterized.

Measfires shall be_urdertaken, if necessary, to prevent separation of the powder particlg fractions or
any change of properties during the transport of the powder.

The t¢st porfion size shall be sufficient to exceed the volume of the graduated density cup (approximately
twicelthé'volume of the density cup).

Additional guidance on uranium dioxide sample collection can be found in ASTM C753[2].

7 Procedure

7.1 Safety precautions

Standard precautions, including appropriate containment and personal protective equipment (PPE),
shall be observed when handling samples.

© IS0 2019 - All rights reserved 3


https://standardsiso.com/api/?name=47e575874f227239cfce3910e70b8641

IS0 9161:2019(E)

7.2 Calibration

Periodic calibration checks of the balance shall be performed using an appropriate control plan, which
requires the user to define the frequency of calibration checks and appropriate acceptance criteria. A
calibration programme for laboratory equipment as described in ISO/IEC 17025 is recommended.

7.3 Determination of the apparent density

7.3.1 Weigh the empty density cup (cylindrical container) and note its mass (m1).

7.3.2 Adjugtthe - - - ately—w : ; —with the
bottom of the funnel orifice at a height of about 25 mm above the brim of the density cup or efjpbout

50 mm abovg¢ the mark. Close the orifice of the funnel.

7.3.3 Fill the funnel with the test sample of U0, powder.

7.3.4 Opern the orifice of the funnel so that the powder flows steadily into the density cup.

Fill the densjty cup up to the mark which defines the volume (V7). Level the\surface of the powfler at
this mark by] carefully inclining the density cup and moving it back intodvertical position. Precayitions
shall be takep to ensure that actions taken to level the surface of the pewder do not cause packing|of the
powder, leadiing to an erroneous result.

Alternatively, fill the density cup which volume is measured up to the upper brim of the density cup.
Use a spatulg to remove powder which is over the brim of the(density cup, to make the powder suyrface
level at the open end of the density cup.

7.3.5 Pour|the rest of the powder back into the sampling flask.

7.3.6 Determine the mass of the filled density cup in connection with the measurement ¢f the
density (my)

7.4 Determination of tapped density

7.4.1 Put the filled density cup”(from determination of the apparent density, see 7.3) onfo the
tapping devife.

7.4.2 Adjupt the counter to a suitable number of taps to obtain a constant powder volume (200 taps
to 2 400 taps). Theamplitude shall be about 2 mm to 3 mm. Record the number of taps and the
tapping timd.

For new prog¢ésses, the appropriate number of taps required to obtain a constant powder volumg shall
be determined. An example of how to do this is found in ASTM C1770Iel.

7.4.3 Determine the volume of the UO; powder in the cylindrical container after tapping by means of
the graduations and record this value (V7).

7.4.4 Weigh the filled density cup and note its mass (m3).

7.5 Number of determinations

Repeat 7.3 and 7.4 with new powder test portions so that a total of three single determinations are
made from each powder.

4 © IS0 2019 - All rights reserved
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7.6 Quality control

A measurement control program with appropriate quality control material(s) should be established to
demonstrate satisfactory method performance. It is recommended to follow guidance in ISO/IEC 17025
for assuring the quality of results.

8 Expression of results

8.1

wher¢

3

3

Method of calculation

1 isthe mass, in grams, of the empty density cup (see 7.3.1);

2 isthe mass, in grams, of the filled density cup (see 7.3.6);

i is the volume, in cubic centimetres, of the U0 powder before tapping.

The tap density of the UO, powder, py, in grams per cubi€centimetre, is given by Formula
_mz—mmy
A v,
wher¢

I is the volume, in cubic centimetres, of the U0 powder after tapping;

m3 is the mass, in grams, pf the filled density cup after tapping.

The final values for the apparént and the tap density are obtained by calculating the m¢
three[determinations.

8.2

Precision

The rglative standard deviation for the determination depends mainly on the height of th
and cpn be under optimal conditions between 0,6 % to 1,5 % for the apparent density
2,0 % forthe tap density.

9

e, is given by

)

2):
(2)

ban values of

e density cup
hnd 0,5 % to

Test report

The test report shall include the following information:

a)
b)
‘)
d)
e)
f)

the reference to this document (i.e. ISO 9161:2019);

all details necessary for the identification of the test sample;

the orifice diameter of the powder flowmeter funnel and the volume of the density cup used;

the number of taps and tapping time;
the results obtained, including estimated uncertainty;

all operations not specified in this document;

© IS0 2019 - All rights reserved
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