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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

ISO/IEC Di

[SO draws
patent(s).

rights in r¢
patent(s) ¢
this may n
WWW.iS0.0

Fectives, Part 2 (see www.iso.org/directives).

attention to the possibility that the implementation of this document may invelve'th
SO takes no position concerning the evidence, validity or applicability of.any”claiy

fhich may be required to implement this document. However, implementers are cau
bt represent the latest information, which may be obtained from the patent database {
g /patents. ISO shall not be held responsible for identifying any or,all.such patent righ

Any trade
constitute

For an exp
related to
Organizati

This docur
radiologica

with the Eiropean Committee for Standardization (EEN) Technical Committee CEN/TC 430, Nuc

nuclear tec
between I

This second edition cancels and replaces ‘the first edition (ISO 22765:2016), which has been

revised.
The main ¢
— in Clay
in Clay

— in(Clay

Alist of all
Any feedb{

name used in this document is information given for the convenience of users an
an endorsement.

anation of the voluntary nature of standards, the meaning of ISO specific terms and e
conformity assessment, as well as information about ISO's adherence to the W
bn (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/fore

e use of (a)
ned patent

pspect thereof. As of the date of publication of this document, ISO had not(received nfotice of (a)

fioned that
wvailable at
S.

d does not

Xpressions
prld Trade
word.html.

hent was prepared by Technical Committee ISO/TC 85, Nuclear energy, nuclear techng
[ protection, Subcommittee SC 5, Nuclear installations, processes and technologies, in co

hnologies, and radiological protection, in@ccordance with the Agreement on technical c
0 and CEN (Vienna Agreement).

hanges are as follows:

se 1, additional comments about equipment and preparation;

se 4, addition pf.fequired steps according to analyses to be carried out;
ses 7 and 8 update of the parameters used for polishing.

parts in-the ISO 22765 series can be found on the ISO website.

hak-or questions on this document should be directed to the user’s national standaf

logies, and
laboration
ear energy,
poperation

technically

ds body. A

complete |

.- £41 1 1. 1 £ I N : L 1 A RSN |
SUITE UT LITTST DUUICS UAdIT DT TOUIIU dU W W W.ISU.UT 5/ TTICIITUTT 5.ITCIIT.

© IS0 2025 - All rights reserved
iv


https://www.iso.org/directives-and-policies.html
https://www.iso.org/patents
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=e5a74e5a01b7ecaab673fc6bd8b1eb1e

International Standard

ISO 22765:

2025(en)

Nuclear fuel technology — Sintered (U,Pu)0O, pellets —
Guidance for ceramographic preparation for microstructure
examination

1 Scope

This docuthent is applied to fuel fabrication. It describes the ceramographic procedure used

sintered (U
The exami
a) before
b) aftert

They allow

obsery

measuy

The mean g
with stand
developme

The pluto
image ana
autoradiog
additional
of this stan

2 Norm

There are po normative references in this document.

3 Term

No terms ajnd definitions are listed in this document.

ISO and IE

rement of the grain size, porosity and plutonium homogerneity distribution.

,Pu)O, pellets for qualitative and quantitative examination of the (U,Pu)O, pelletrmier
hations are performed
any treatment or any etching, and

nermal treatment or after chemical or ion etching.

ation of any cracks, intra- and intergranular pores or inclusions, and

rain diameter is measured by one of the classic methods: counting (intercept method), d
ard grids or typical images, etc.[2]. The measurement of individual grain sizes requir
nt of the microstructure over the entire specimen.

hium cluster and pore distribution and' localization are generally analysed by
ysis systems. The plutonium distribution is usually revealed by chemical etching ¢
raphy. A scanning electron microscope (SEM) or a microprobe can also be used. In t
preparation can be needed depending on the equipment used. This preparation is noti
dard.

ative references

s and definitions

to prepare
pstructure.

omparison
es uniform

automatic
r by alpha
his case an
h the scope

2]

[ maintain terminology databases for use in standardization at the following addresse

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

IEC Electropedia: available at https://www.electropedia.org/

4 Principle

The ceramographic preparation of (U,Pu)O, pellets involves two steps:

— polishing, after embedding or not the specimen;

— thermal treatment or chemical etching or ion etching to reveal the specimen microstructure.

© IS0 2025 - All rights reserved
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The operating procedure comprises the following operations:

Step 1
Step 2
Step 3
Step 4

Step 5

- cutting the specimen;
- resin embedding;

- rough polishing;

- fine polishing;

- a treatment or etching to develop grain boundaries.

The decision to cut the specimen (step 1) mainly depends on the analysis to be performed and on laboratory
products and scrap management. If necessary, cutting the specimen could be replaced by rough polishing.

The resin ¢
this case W
specimen

Rough pol
autoradiog

Mirror fini
with opticd

If a treatm
is required

A treatme
mirror fini
5 Appa

The equip
throughou

5.1 Diamond-impregnated metallography disk cutting machine, with a cooling system or ¥

mbedding operation (step 2) can precede the specimen cutting operation which will
rith a wire saw. Resin embedding may be skipped when a mechanical device is,used
Juring polishing.

shing (step 3) or fine polishing (step 4) can be sufficient for indirect-analyses suc

raphy with film or scintillator.

I microscopes or scanning electron microscope (grain, crack, andiporosity observation,

ent or etching has already been performed on the specimeny‘an additional fine polishi
to obtain a mirror finish.

t or etching (step 5) is required for grain size afhalysis, after a fine polishing res
sh.

ratus

ment should be installed in an enyironment capable of monitoring specimen cq
[ the operating sequence.

matic polishing machine, preferably with a system for exerting constant pressure

h preparation‘equipment, e.g. spoons, spatulas, PVC containers, mould.
vare for €tching.

isohic specimen cleaning tank (optional).

be done in
to hold the

h as alpha

bh requires fine polishing (step 4). This surface aspectis required for‘direct analysis on thie specimen

).
ng (step 4)

ulting in a

ntainment

vire saw.

on the test

5.2 _Auto
specimen.
5.3 Resi
5.4 Laby
5.5 Ultrg
5.6
5.7
5.8

Optical microscope or binocular, capable of at least x10.

Engraving pen.
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6 Reagents and resin

6.1 Resin to be determined by the user, for example:

— liquid epoxy resin mixed with a suitable proportion of activator from the same manufacturer, curing
generally occurs within 24 h at room temperature;

— polyester resin; curing occurs in 1 h.

6.2 Acid

6.3 Dem

aqueous solution for the chemical etching, e.g. chrome oxide and hydrofluoric acid.

ineralised water, according to ISO 3696.

6.4 Ethanol.

7 Oper:

7.1 Speq

The speciy
system, pa
off-axis cut

After cutti
be used.

7.2 Resin embedding

Prior to ro
to be analy

The prepa
poured ins

After the rd

Then, the i
surface.

The mould

7.3 Rou

The resin-

ating procedure

'imen cutting

hen is cut using a diamond-impregnated metallography disk=cutting machine with
rallel to the selected axis (longitudinal or axial). For an on-axis’observation of the sp
ting is necessary to take into account the thickness of thednaterial removed during po

hg, the specimen is cleaned in ethanol or demineralised water. An ultrasonic cleanin

1igh and fine polishing, the cut specimen is‘embedded in resin. Therefore, the specime
sed is put inside a mould with the cut fagé against the mould bottom.

‘ed resin, with potentially a colouring in order to distinguish the specimen Pu cont{
ide the mould.

quired time (e.g. around 30-min to 60 min), the embedding specimen can be removed fromj

Hentification number.ef the specimen sample can be engraved with the engraver pen d

should be cleaned’in order to reuse it.

sh polishing

embedded specimens should be, at first, rough-polished to eliminate any resin tra

| a cooling
ecimen, an
lishing.

b tank may

h fragment

bnt, is then

the mould.

n the resin

ces on the

surface an

 énsure flatness. This may be done using a multi-stage process.

An example of polishing is described below, with:

the surface flush with the resin;

a P400 (35 um) abrasive disk: 30 s to 60 s;
a P800 (22 um) abrasive disk: 30 s to 60 s;
a P1200 (15 um) abrasive disk: 30 s to 60 s;

a P180 (82 um) abrasive disk (for specimens embedded in resin after cutting): time as necessary to reach

Rough polishing is performed on a polishing machine with an individual air pressure-above 100 kPa, and at
a rotation speed of 70 min-1 to 270 min-1.

© IS0 2025 - All rights reserved
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The specimen is thoroughly cleaned in ethanol or demineralised water between each step and after
completion of the rough polishing operation; rough cleaning could lead to significant scratches at the next

steps. The

cleaning may be done in an ultrasonic tank.

At the end of this step, it is recommended to check the specimen flatness. During the process frequent
measures of the embedded specimen may be used to control flatness.

It is also recommended to ensure the absence of facets, scratches, cracks and chips.

7.4 Fine polishing

An exampl

The polish
size of 1 pi
pressure a

The specir
The cleani
scratches,

The polish

e is described below.

Ng operation 1s performed using woven satin disks alter injecting a diamond paste W
h to 6 pm. Polishing is carried out for about 20 min on a polishing machine with an)ing
bove 100 kPa.

hen is thoroughly cleaned in ethanol or demineralised water and dried,inydir afteq
1g may be done in an ultrasonic tank. The polished surface should be minror finished
Cracks or chips from the preparation that may alter the analysis.

ng quality is checked by observing the specimen under a microscope or a binocular.

The specimens prepared in this way are suitable for examinations suchras

porosi

overal

8 Struc

8.1 Gen

[y measurements, and

ceramographic examinations to reveal cracking.

ture development

bral

To determine the grain size, the structure should first be revealed by thermal treatment or chemi

or ion etcH
alternativd

8.2 Dev¢

After cutti
placed in t
done using

An exampl
a) Rough
Rough poli

speed of 70 min-L t

ing. Chemical etching can alsolbe used to reveal the distribution of plutonium clu
to alpha-autoradiography.

plopment by thermal treatment

Ing, the sample is.fict embedded, but placed into a mechanical device. Then, the hal
he mechanical device is polished. The polishing operation prior to the thermal treatm
a multi-stage,process.

b is described below:

polishing

S

the surface flush with the resin.

a P400 (35 pum) abrasive disk: 30 s to 60 s.
a P800 (22 um) abrasive disk: 30 s to 60 s.
a P1200 (15 pum) abrasive disk: 30 s to 60 s.

© IS0 2025 - All rights reserved
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The specimen is thoroughly cleaned (ultrasonically or not) in ethanol or demineralised water between each
step and after completion of the rough polishing operation; rough cleaning could lead to significant scratches

at the next
b) Finep
See 7.4.

¢) Furna

steps.

olishing

ce sequence

The sample is introduced into the furnace after dismounting from the mechanical device.

Thermal treatment can be carried out under various conditions depending on product manufacturing

conditions
— heatin
fixed t
durati

The condit]
duration o

8.3 Devq

The specimens are immersed for 30 s to 60 s in a reactive mixture, then rinsed in water and drie

Chemical 6
and the du
results obtj
Examples

room-t

d

i
ch
hy
et(

hot etc]

d

q

Ik

anf

scavenging with argon throughout the cycle.

An example is described below:

b rate: regular, between 5,5 h and 6 h;
emperature level: around 1 600 °C (around 100 °C under the sintering temperatute);

bn: around 6 h;

ions are chosen to suit the furnace characteristics, the presencé of other gases, gas fl
[ the cycle.

plopment by chemical etching

tching involves a large number of variables. The‘operator determines the nature of t
ration of the etching operation according to-the specimen composition (Pu content, ef
Qined.

bmperature etching;

tilled water, H,0: 96 ml;

Fomium oxide, solid, Cr,04720'g;

Hrofluoric acid, concentrated, HF, mass fraction of 400 g/kg: 48 ml;
hing time: 25 s to 60 s;

hing: 70 °C;

tilled watet, H,0: 24 ml;

monium bifluoride solution, saturated, NH,-HF,: 1 ml;

bw and the

1 in air.

he reagent
c.) and the

su

furic acid, concentrated, H,SO,, mass fraction of 960 g/kg: 1 ml;

etching time: 1 min to 5 min.

8.4 Development by ion etching

The specimen is set in a chamber of the ion etching device. An example of the device is shown in Figure 1.

After evacuating air by rotary and diffusion pumps, argon gas is introduced into the chamber.

Argon ions are sputtered onto the surface of the specimen by ion gun for about 10 min. The operator
determines the duration of the etching operation according to the specimen composition (Pu content, etc.)

and accord

ing to the results obtained.
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