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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-¢ n\/nrnmnnf:\ly inliaison with IQ(\' also take Pnrf inthe work 1SO collaborates r‘ln:nl\ll with-the, International

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Intermational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 2.

The main task of technical committees is to prepare International Standards. Draft Internationpl Standards
adopfed by the technical committees are circulated to the member bodies fer{voting. Publigation as an
Interpational Standard requires approval by at least 75 % of the member bodies-casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rightg. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 16797 was prepared by Technical Committee ISO/TC 85, Nuclear energy, Subcommittee §C 5, Nuclear
fuel technology.
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tion

Any material submitted to the action of water is subject to alteration. Numerous leach tests have been
developed to measure this alteration. One of these, the Soxhlet test, is routinely used to assess the chemical
durability of nuclear glasses, and is now widely applied to other types of glass, to materials resulting from
vitrification processes, or even to other nonporous solids intended for containment of non-radioactive toxic

wastes. This
in deionized

In a static en
the alteratio
continuously

isashort-term test dn:ignnr‘l to_obtain a r_1I||ir‘|1 assessment of the chemical rlllrnhilify of a material

vater at about 100 °C.

renewed deionized water, or in a complexing medium that consumes elements'from solutio

prevents satyration from occurring.

This approagh has several advantages: shorter test duration, higher element concentrations in solution

boiler (well 5

conditions.

V/ironment without water renewal, the concentration of dissolved material in solution increaseg, and
N rate subsequently diminishes. Conversely, the maximum alteration rate -s\ observed in

n and

n the

bove the detection limits), assessment of the potential durability of.the material under exfreme
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Nuclear energy — Soxhlet-mode chemical durability test —
Application to vitrified matrixes for high-level radioactive waste

1 Scope

This

mate
point
alterd

The {est described in this International Standard is intended to measure the_ nijtial dissolution r.

appli
phen
medi
serio

The
mate

(e.q.
This

sevelfal tests, modelling and validation, as describedfor example, in Standard ENV 12920.

This
nonp
surfal

(approximately 100 °C) by analysis of th€ leaching solution and by measurement of the specimen

2 7

For the purposes of this-dgcument, the following terms and definitions apply.

2.1

alterqtion

supe

2.2

nternational Standard describes the Soxhlet-mode parameter test to assess the chemica
fials by measuring the initial dissolution rate in pure water. The measurement is perfarmed
of water, at which the dissolution rate is considerably higher than at room temperature. In mg
tion phenomena are therefore significantly accelerated.

cable only to nonporous materials (or materials with small, closed porosity)-for which the prim
bmenon is a surface reaction mechanism (diffusion mechanisms are.involved in the dissolut
h). The test results can therefore be compared only with findings_obtained for nonporou
IS errors of interpretation are to be avoided.

fials of the same type (e.g. oxides), provided their initiakdissolution is governed by the sam¢
surface reactions).

barameter test cannot be used to assess the longsterm behaviour of a material, which gene

test is applicable to any glass, vitrified material (i.e. material resulting from a vitrification

ce area. It determines the initial dissolution rate of the material in deionized water at the

erms and definitions

ficial chemical modification of a material due to surrounding agents

alterability

durability of
at the boiling
st cases, the

hte; it is thus
ary alteration
on of porous
5 materials if

esulting “initial dissolution rate in pure boiling water at atmospheric pressure” can be used to compare

e mechanism

rally requires

process) or

brous oxide material with a morphology-that allows the preparation of monolithic test coupgns of known

boiling point
mass loss.

susceptibility to alteration

NOTE Alterability depends on the material itself and on its environment.

2.3

durability
ability of a material to exist for a long period of time while retaining its original qualities and properties

2.4

chemical durability
ability to withstand chemical attack

NOTE This characteristic may be an inherent material property if the environment is duly specified and established (e.g.

chem

© IS0

ical durability in pure water at 100 °C).

2004 — All rights reserved


https://standardsiso.com/api/?name=802c69c34f962e42009a7355a5321e63

ISO 16797:2004(E)

25
leaching

extraction of one or more elements from solid elements by a solvent

NOTE By extension, the term commonly designates any operation in which a specimen is exposed to the action of a

solvent.

2.6
dissolution

dispersal of a substance into a solution

2.7
corrosion
gradual dest

2.8
source term
flow of chem

2.9
long-term b
evolution of t

NOTE The in
term) over a s

2.10
scenario

a time horizg
material, spe

3 Princip

The test tem
the altitude o
laboratory at
on the test rg

The atmosp
comparison
temperature.

uction or slow degradation of a substance or surface by a chemical effect

cal species transferred from a given surface under the conditions specified by the test scend

ehaviour
he “source term” and the material properties over time, up.to-the end of the relevant scenarig

vestigation of long-term behaviour covers the progress ofithe’alteration and the release of elements (g
pecified time interval.

cified for the purpose of assessing(its:long-term behaviour

le

perature is the boiling:peint of water, which depends on the atmospheric pressure and therefg
f the laboratory infwhich the test is performed. The difference in the boiling temperature betw
sea level and adaboratory at an altitude of 1 000 m is about 5 °C; this may have a significant
sults (by a faGter of almost 2 for a reaction mechanism activation energy of 60 kJ - mole ™).

neric pressure of the laboratory shall be recorded, and shall be taken into account ir
vith4he results obtained by other laboratories: the data may be used to calculate the actual b

i

(o]

ource

n and a list of factors (including risk-factors) affecting the conditions of disposal or utilization of a

re on
ben a
ffect

any
oiling

The water flow rate on the test coupon is determined by the heating power supplied to the water by the boiler
and by the efficiency of the reflux condenser.

4 Reagents

4.1 Water

Alteration tests shall be conducted using high-purity water in equilibrium with air [at least 2 h to ensure
stabilization of carbon dioxide (CO,) concentration].

4.2 Concentrated nitric acid (HNOy), to acidify the solution before analysis.

© 1SO 2004 — All rights reserved
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5 Apparatus

5.1

Soxhlet device

The Soxhlet alteration device (see Figure 1) comprises the following:

a) a

b) a

stainless-steel distillation flask with a volume of at least 500 ml;

suitable regulated heater with controlled thermal power dissipation;

c) an overflow-type sample boat (see Figure 1); in some cases it may be preferable to provide for upward flow

nw o 010

The fi

b)

<)

e O o n - o0 -

A wa
a) td

b) tc
th

5.2
testin

5.3

5.4

The afteration Soiuton 10 ensure adequale renewal, the suriace area Or the saimplie Doat Slig
% of the total specimen surface area, and shall allow optimum solution flow conditions-af
bupon with at least 5 mm clearance between the coupon and the sides of the boat of. the s
plution;

stainless-steel condenser;

water coil to return the solution to the sample boat.

bllowing requirements shall be met.

he flow of the alteration solution into the sample boat, controlled-by the setting of the flask he
bnstant (4= 10 % of the specified flow rate) and shall ensure @t [gast two renewals per hour o
pat volume.

he length of the water coil and the sample-boat desigh shall ensure that, when they are ex
eam from the boiling solution, the temperature of the solution in the boat is maintained with
biling point.

rovision shall be made for measurement of the temperature in the sample boat, to ensure tf
- 1 °C of the boiling point of water.

5hing procedure shall be strictly implemented on both new and previously used devices:
prevent contamination between tests or when a new device is used for the first time;

recover all the elements, that were dissolved during the test and precipitated or adsorbed g
e dissolution shall be exhaustively quantified.

Precision balanCe, to measure the solution mass (= 0,25 %) and to weigh specimens bef
g (£ 0,1 mg maximum).

Graduated flasks, pipettes or burettes, for solution volume measurement (accuracy: + 1 ¢

Solution analysis

Il not exceed
pund the test
urface of the

ater, shall be
f the sample-

posed to the
n 1 °C of the

at it is within

n the device;

pre and after

Regardless of the analysis method, the following accuracy may be required:

a) 5

% on major component elements;

b) 10 % to 15 % on other elements.

Such an accuracy may not be reached for elements found in solution at concentrations near the detection limit.
The analytical results shall therefore always be stated together with the corresponding detection limits.

5.5

pH Measurement

The pH shall be measured to within 4= 0,1 unit.

© IS0

2004 — All rights reserved


https://standardsiso.com/api/?name=802c69c34f962e42009a7355a5321e63

ISO 16797:2004(E)

Key

aa b~ WO N PP

conde

Ser

N

water coil

soxhlet sample boat
glass coupon
leachate level

Figure 1 — Schematic diagram of the Soxhlet leaching device
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6 Specimen preparation

Test specimens may be fabricated individually or cut from a larger sample. If a sample is cut into coupons, the
use of adhesives or compounds to maintain the sample shall be avoided; if such use is unavoidable, the coupon
surfaces shall be thoroughly cleaned. If a sample is cut into coupons, the use of water to cool the blade shall be

strictl

y limited.

Cut or individually fabricated specimens shall be such that the surface area of each face can be measured with
maximum precision. A specimen with polished surfaces is therefore preferable to as-cut surfaces, provided the
polished finish does not pollute the surface or affect the reactions. An accurate determination of the specimen
surface area is indispensable in comparing different specimens, since the quantity of dissolved elements must

ben

The
solut

The 3

pollufion. Ultrasonic cleaning for 5 min in absolute ethyl alcohol is advisable.

After

The

heati
(with
in a g
shall

The 3
v

g
~J

The ¢

Whelle possible, the specimen shall be characterized by optical microscopy, or by scani

micrd
phas

If the|
spec
distri
More
ensu
dime
smal
10 %

rmalized with respect {0 the reaclive surface area.

bpecimen dimensions shall be determined to ensure that it is fully immersed at all times in
on contained in the sample boat.

pecimen shall be carefully washed before testing in order to eliminate all adhering particlg

cleaning, the specimen shall be handled only with clips.

Epecimen shall then be maintained for 1 h at 105 °C, and allowed to cool before weighin
hg/cooling/weighing cycle shall be repeated. If the results ofjthe two mass measurements
n 0,1 mg), the specimen may be assumed to be correctly dried, and shall be placed at room
esiccator until it is required for use. If the results of the two mass measurements diverge,

again be dried for 1 h at 105 °C. The cycle shall be repeated until the specimen mass has s

pecimen shall then be characterized as describedhin Clause 7.

pecimen characterization

lemental chemical composition of the'Specimen shall be accurately known.

scopy, to determine the extent of cracking and microcracking, the degree of porosity, th
bs, their concentrations and’ homogeneity.

test coupon is to beused to characterize the durability of the material sample from which it
men shall be representative of the material. In the case of a heterogeneous or multiphase s
pution of the heterogeneity or of the phases in the specimen shall be representative of the ori
pver, with certain multiphase materials, some phases may be represented by large inclusion

nsions.may be assigned so that the largest dimension of any grain or inclusion does not ex
est’dimension of the specimen. Moreover, the surface area of any given grain or inclusion sha

the leaching

s or external

. The same
are identical
temperature
he specimen
bilized.

ing electron
b component

was cut, the
pecimen, the
pjinal sample.
s. In order to

e that the.size of these inclusions does not skew the results obtained for a given specimen, the specimen

Ceed half the
Il not exceed

ofthe total geometric surface area of the specimen.

8 Procedure

8.1

Testing of prepared specimens

The following procedure shall be followed:

a)
b)
<)

Place the specified volume of high-purity water (4.1) in the boiler.

Place the weighed specimen in the sample boat.

required to ensure the desired solution renewal.

© IS0
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d) The time when the device heating system is started corresponds to the beginning of the test. Record the
starting time and date, as well as the atmospheric pressure.

e) After the specified test duration, record the ending time and date, as well as the atmospheric pressure.

f) Remove the specimen. Separate the condenser from the boiler, plug the neck of the boiler and allow the
device to cool. Dry the specimen at 105 °C until its mass remains constant. Record the mass.

g) Take an aliquot sample of the solution in the sample boat (optional); pour the solution from the sample boat
into the boiler.

h) Measure

i) Acidify the_solution in the baoilerto 1 N ||Qing concentrated nitric acid (A 7) Stir and allow to stand for
then cheg¢k that the boiler contains no solid phases (precipitates). Acidify or dilute the solution, if necées

to ensur

blank test [see item I)] shall be performed to ensure that this procedure is sufficient.

i) Measure|the solution volume in the boiler. If the leaching solution volume loss exceeds,10)% of the

volume,

k) Take an

internal duality-assurance procedure.

[) Check the properties of the Soxhlet device by carrying out a 24 h blank~test, i.e. without a ma
specimen. After the test, measure the solution pH (which should be within 0,5 unit of the initial pH

analyse

determingd during the actual test).

8.2 Measyrements

The followind measurements shall be performed during eachstest:

a) solution pH at the end of the test, after cooling to ropm temperature;

b) analysis

c) analysis

d) specimen mass loss.

and record the solution pH after it has cooled to room temperature; record the temperature.

12 h,

this condition. For each type of material, and for each modification affecting the test.dev

e test shall be repeated.

aliquot of sufficient volume for solution analysis. Perform the analysis/in accordance wit

he solution (the measured “background” concentrations shall)not exceed 10 % of the v

pf the solution in the sample boat (optional);

Df the solution in the boiler after acidification;

sary,
ce, a

initial

h the

terial

) and

alues

8.3 Experimental matrix for determination of the initial alteration rate in pure water at boiling

temperaturie

The alteratio
14 days). At

The 1 day apd 28 day test durations are merely indicative, and may be modified for glass compositio
vitrification pfoductssthat are either very soluble or very durable. The objective is to obtain quantifiable elq

concentratio

the initial maps.after the last test interval.

8.4 Soluti

N rate shall be-measured at four or five intervals ranging from 1 day to 28 days (e.g. 1,3, 7,1
east three of.these intervals shall be specified to obtain the initial alteration rate (refer to Clau

D and
5e 9).
ns or
ment
% of

rl;s in.solution for the first test interval, and to limit the specimen dissolution to no more than 10

on renewal rate in the sample boat

In measuring the “initial dissolution rate of a material in pure boiling water”, it is important to avoid excessively
high concentrations in the sample boat of elements dissolved from the specimen. At high concentrations, the
alteration rate may be observed to diminish between solution renewals as a result of a drop in the dissolution
affinity of the material. It is thus advisable to ensure that this is not a possibility, by dividing the concentrations
measured in the sample boat during the first test by the number of solution renewals. If such a risk exists, the
solution renewal rate in the sample boat shall be increased, or the ratio of the specimen surface area to the

solution volu

me in the sample boat shall be reduced (e.g. by diminishing the specimen surface area).

The solution renewal rate (or leaching-solution flow rate) shall be measured at least whenever the experimental
configuration is modified (test device, environmental conditions, heating system, thermal insulation, etc.).

© 1SO 2004 — All rights reserved
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9 Expression of results

9.1 Specimen mass loss

The normalized mass loss, NML, is the ratio of the specimen mass loss during the test to its initial geometric
surface area; the result is generally expressed in grams per square centimetre or grams per square metre, and
qualifies the overall material durability. However, since an alteration film may develop on the specimen surface,
containing elements that precipitate or elements not involved in the alteration process (residual network), the
normalized mass loss does not correspond to the total altered glass mass.

b ——
NML = 1
wherg
i is the initial specimen mass;
i is the final specimen mass;
A is the initial specimen geometric surface area.

From|the normalized mass loss calculated at the final time interval,@ mean rate, vy, is calculated|such that

NML
T A

wherg
At is the duration of the test, in days;

vk is generally expressed in gramscper square centimetre per day or grams per square metre per day.

9.2 |Analysis of leaching solution in the boiler

The pormalized mass loss forlelement 7, NML (z) is the quantity of glass that shall be dissolved|to obtain the
concgntration of element ¢ dctually measured in solution for a given surface. This quantity is used {o assess the
durability of the glass matrix (assuming element ¢ is a mobile element) and the containment properties of the
matefial with respect t6-less mobile elements [by comparing different NML (7) values]. It is given Ry

. eV
NML (7) = b A
wherg
C; is the concentration of element 7 in the solution;
|4 is the volume of solution;
W; is the mass percentage of element ¢ in the glass;
A is the initial specimen geometric surface area.

The result is generally expressed in grams per square centimetre or grams per square metre.
Consider four separate elements in the specimen: a soluble element, A, that is not incorporated in the

dissolution products (referred to here as a “mobile element”); another mobile element, B; a third element, C, that
is partially retained, and an element D that is completely retained in the dissolution products. Hence:

© 1SO 2004 — All rights reserved 7
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NML (A) = NML (B)

NML (B) > NML (C)

NML (C) > NML (D)

and NML (D) =0g-m™2

In this example, NML(A) and NML(B) both express the total specimen alteration.

In order to enpsure that NML(A) and NML(B) are in fact indicative of the initial alteration rate, it is indispen
to check thaf elements A and B are not incorporated in an alteration film or gel layer on the specimen su
or in precipitates that were not dissolved when the solution was acidified.

For a given
corrosion rat

Vo (7)

where dNML

The initial cg
most highly

Ideally, the
conducted o
these points

the first
alteration
material

a)

b) the last ¢

develops

These deviat points should not be used to calculate vg (z) At least three points are required, howevet

correlation ¢
indicated.

’l'ive normalized mass-loss values calculated for a given element from the five Soxhlet

element 4, during the time interval in which ¢; and NML (%) vary in a linearf-manner, the
b of the material at the boiling temperature vy () may be calculated as foltows:

dNML ()
dt

(1) is the variation of NML () during the time d¢.

rrosion rate is calculated by linear regression from.the normalized element mass losses f(
hobile elements, i.e. those with the highest NML () values.

a material sample should be found along a straight line when plotted as a function of time. I
may not actually be aligned for a variety of reasons:

boint may deviate from the straight line if the specimen surface finish inhibits or catalyse
reaction (the process stabilizes only after a few micrometres have been dissolved fror
surface);

ne or more points_may’ be situated beneath the theoretical straight line when an alteratio
on the specimendurface, forming a diffusion barrier.

pefficiention the slope of the straight line connecting at least these three points shall als

sable
face,

initial

r the

tests
fact,

s the
n the

N film

The
0 be

datar

o+

FaYoYaV]

fial in

One or moreladdit

the following

— When three straight-line points are not obtained on the c;

o FaVa¥aVal 1o o
TTICTT ooty tUTCTTTITimTT

cases:

f (t) curve.

— When vy < 0,95 vy, i.e. when the initial rate obtained is less than 95 % of the mean rate calculated from the
mass loss. If vy < 0,95 vy, this means that element ¢ was not correctly determined, that it precipitated and
was not redissolved, or that a more mobile element than element ¢ was not determined in solution. Under

such con

ditions, vq is underestimated.

When the concentration cg; (where 7 is the element used to measure 1) calculated from the Y-intercept of

ci = f (t) exceeds 0,2 times the difference Ac; between the initial and final concentrations of i: i.e.
coi > 0,2 Ac;. This means that the operating conditions do not correspond to the initial rate phase of
material dissolution. In this case, the test shall be repeated with fewer sampling intervals.
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