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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

lodine sorbents are extensively used in nuclear facilities to remove radioiodine from gases and air in
off-gas cleaning systems and ventilation installations. The sorbents are very important for protection
of the members of the public and environment from iodine radionuclides radiation.

In the normal operation of nuclear installations, the main hazard comes from radioactive isotopes of
iodine; as examples, for reactors 1311 and a minor extent 133], for fuel processing facilities 1291, etc.
lodine is one of the main contributors of the radiation impact on the environment. Under abnormal and
accident conditions, some other isotopes 132], 134] and 135I have also some significant effects on the

total

23]

The
sim
cond
Radi

and
high

The
purp
remd
nucld
have
char
the i

Two

|
1

]

This
char
effici

The
a crit

document the sorption capacity index.

operational conditions.

radinad Lelaczeoad
TOUTITC OO STy TOTO OO ST

=TT

volatile radioiodine forms can occur in the gaseous radioactive wastes as elementa
est organic compound methyl iodide, and some others such as hydrogen iodide und
itions.

bactive iodine can create a serious danger to the members of the public and workers
hccident conditions at nuclear facilities as far as the exposure in these conditions co
er than the exposure due to the natural background radiation.

heed to prevent widespread dispersal of gaseous radioiodiné_from nuclear facilitie
ose of iodine sorbents. It is universally recognized that radiedctive methyl iodide is the
vable radioiodine form. The removal of radioactive iodin€e from gaseous radioactiy
ar facilities is almost always performed with the help, of impregnated activated ch
become often accepted as the preferred iodine soibents used in these facilities. I
coals require a high efficiency especially from hufid gases containing iodine in ordg
pdine gaseous compounds.

Lypes of tests are considered[2]4]: laboratory’and in situ tests.

Laboratory tests are done to establish the'performance characteristics of the charcoal {
etention systems under specified opeérating conditions.

n situ tests are done to obtain a.measure of the performance of retention systems under

document concerns ofily the laboratory tests. Laboratory tests of representative
foal (e.g. new charcoal)aged charcoal from iodine absorbers, etc.) are performed to es
ency for a given test’agent under specified conditions.

quality of sorbents and its potential application at nuclear facilities can be estimated
erion thatéfines specifically the sorption capacity of the sorbent. Such criterion is
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blished test

This document provides a method to determine the quantitative quality of a sorbent and also to
compare the performance of different iodine sorbents at the specified conditions. It is useful for users
of iodine sorbents (filter or sorbent manufacturers as well as operators).
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INTERNATIONAL STANDARD ISO 18417:2017(E)

Iodine charcoal sorbents for nuclear facilities — Method
for defining sorption capacity index

1 Scope

The scope of this document covers

— odine sorbents for nuclear power plants, nuclear facilities, research and other nuclear freactors,
— iodine sorbents for laboratories, including nuclear medicine, and
— iodine sorbents for sampling equipment on sample lines.

This|document applies to iodine sorbents manufacturers and operators in order to measufe the actual
perfgrmance of these sorbents and their sorption capacity for radioiodine.

This| document applies to granulated and crushed iodine sorbenits based on activatpd charcoal
(herg¢inafter referred to as “sorbents”) used for trapping gaseousradioiodine and its compgounds. This
docujment establishes the method and conditions for defining.serption capacity index in a laboratory.

2 Normative references

Therk are no normative references in this document.

3 Terms and definitions
For the purposes of this document, thefollowing terms and definitions apply.
ISO gnd IEC maintain terminological.databases for use in standardization at the following dddresses:

— IEC Electropedia: available at http://www.electropedia.org/

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

3.1
gasepus radioactive wastes
wastles that contain radioactive material in gas form for which no further use is foreseen and have
radignuclides. at concentrations or activities greater than clearance levels as established by a
regulatory.body

3.2
discharge
planned and controlled release of (gas or liquid) radioactive material to the environment

3.3

mass transfer zone

defined zone (range) of sorbent volume in which the phenomena of substance mass transfer from gas to
solid phases takes place

3.4
iodine sorbent
sorbent intended for trapping radioiodine in gaseous radioactive wastes

© IS0 2017 - All rights reserved 1
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3.5
free volume
void between grains or crushed grains of the sorbent inside the whole volume containing the sorbent

Note 1 to entry: The free volume can be expressed as in Formula (1):

Ve =X Vsorb 1)
where
Ver free volume;
X fraction free volume in sorbent volume;
Vsorb sprbent volume.
3.6
contact time
gas flow trapsit time through sorbent layer
Note 1 to entfy: Contact time 7 is expressed using Formula (2):
%
T=—1 (2)
QCO

where

Qcol the volumetric gas flow rate in the inlet sectionalcolumn.

Note 2 to entfy: The contact time defined here does not consider the geometric volume of the sample, but onjly its
free volume.

3.7
bulk density

Psorb
ratio betwepn granulated or crushéd)grains sorbent mass (definite granulation) and the total volume
containing the sorbent

3.8
sorption capacity index
§
criterion inflicatingthe degree of reduction of gaseous radioiodine in the gas flowing through the
sorbent under specified test conditions

Note 1 to entfy:-The index is valid only for a specific chemical form of the radioactive gas. In this documert, the
index has beemrtatcutated for radivactive mrethytodide The imdex tam atso be tatculated withrothrer gaseous
species, such as radioactive iodine, but the results cannot be compared with the ones obtained with radioactive
methyl iodide.

4 Principles of the method
The main rationale for the method defined in this document are the following:

— radioactive methyl iodide (CH3131I) is the most difficult form of radioiodine to trap in nuclear
facilities discharges;

— the distribution of radioactive methyl iodide along sorbent layer is exponential;

— there is an active mass transfer zone in the sorbent layer;

2 © IS0 2017 - All rights reserved
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— the amount of sorbed radioactive methyl iodide depends on the contact time between the gas and
sorbent.

The sorption capacity index indicates the degree by which radioactive methyl iodide concentration in
gas phase is reduced during the contact of the gas flow with the sorbent.

The principle of the method is the following:
— indoor laboratory air is used as carrier gas;

— airis transferred in the test plant by means of extraction device (fan, vacuum pump, etc.);

— order to remove indoor laboratory air pollutants, aerosols and humidity, air Ilow pajlses through
n aerosol filter, an air conditioning system used for humidity (e.g. zeolite or dehumidifier) and
olatile compounds removal (e.g. activated charcoal);

— the humidity level shall be maintained to a specified value and be controlled..One exainple for this
umidity control is to split the total air flow and pass one of the flows throngh a second air condition
gystem (e.g. humidifier);

— the air temperature and air flow are regulated and measured befer@introduction in the sample to
tlest (e.g. the air temperature is control by heat insulation of the-Sectional column or tq place it in a
yessel with controlled temperature);

— tadioactive methyl iodide is injected into the carrier gas‘from a generator and then it iis trapped in
the sectional columns containing the sorbent to be tested;

— Dbefore discharging the test gas, the air is passéd through a protection column fpr radiation
rotection issues and for control of the penetratien radioiodine and to ensure a low leyel of iodine
ctive species in discharged air;

— ¢ach section test column is monitored for radioiodine content via gamma monitors|(0,364 MeV
or 1311);

— the sorption capacity index is calculated using the formula given in Clause 9.

Figure 1 presents the principle ef an example scheme of the test plant used for the method presented in
this glocument.

© IS0 2017 - All rights reserved 3
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Figurje 1 — Schematic of principle equipment and a process diagram of the test plant

5 Preparation of the test

5.1 General

Based on the typical arrangement proposed in Clause 4, the test involves the following stages.

5.2 Removal of air impurity and humidity into the installation

Removing air pollutant and controlling humidity and temperature are important for the tests because
these parameters can have a significant impact on the results. In order to clean the installation before
a new test, the indoor air is passed through an aerosol filter, dehumidifier and charcoal filter to remove
particulates, humidity and some volatile compounds. As an example, dehumidifier with zeolite warms
at the temperature 350 °C to 400 °C in vacuum during 6 h and activated carbon to warm at temperature
300 °Cto 350 °C in vacuum during 6 h in order to avoid degradation of the charcoal properties.

4 © IS0 2017 - All rights reserved
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Radioactive methyl iodide used for sorbent testing

If radioiodide is supplied in ready-to-use form of radioactive methyl iodide (CH3131I) received from
producer, a certificate date and activity shall be required. It shall be stored in a dark place at conditions
that slows down the process of its decomposition into the molecular form (I2).

Otherwise, methyl iodide labelled with 131 isotope is produced by its isotopic exchange (e.g. with Nal31]
or K131 without carrier). Its activity shall be defined and specified with a date. For this purpose, 2 cm3
of methyl iodide are injected into the container with Nal31I or K131 and kept at a room temperature
of 20 °C for 48 h. To define the mass activity concentration (Bq/g), three portions of 5 g of activated
carbon impregnated with triethylenediaminne (TEDA) are weighed and placed in weighing bottles, the
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e are taken and placed into weighing bottles with activated carbon. Activities of resulf
easured and correlated with methyl iodide mass that is defined as the volume'of sa
ethyl iodide density at the temperature of its storage.

value of mass activity concentration is calculated. The mass activity goncentratior
/g) is used for calculation of the mass concentration of methyl iodide in the gg
ula 8).

Preparation of sorbent samples

e of granulated/crushed grains sizes and bulk density pg3 j of the sorbent sample are

se data are absent. The methods used to determine grains size and the bulk density|
"ding to a national or international standard.

h filing each section of the column, the filling,shall be made uniformly in each secti
ar mass in each section is obtained, withoutspecific compression or vibration.

ectional column is used to conduct the sorbent test. Examples of such column and of a s

inside the column are shown in Figure 2 andFigure 3.
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Figure 3 — Section of sorbent-containing column

of sections has to be adapted with regard to the uncertainties of the measurement.

uring devices

inties of the following measurement devices shall.be known:
\ture sensors;

e Sensors,

humidity sensors;

activity detectors;

— flow rafe sensors.

Typical uncd

5.6 Cond

Prior to test
conditions f
at gas flow Y

rtainties are given in-9.3:

itions for achieving equilibrium during the test

elocit$.Qco1). This is generally done in 16 h for around 15 cm thickness of sorbent.

5.7 Safe

ronditions for workers and members of the public

ing the sorbént in the sectional column, test conditions shall be maintained such thdt the
br the eqlii]ibrium of water vapours inside the samples are achieved (humidifier condifions

The tests use a radioactive form of iodine. Thus, the tests shall be performed following national
radiation protection regulations (for workers and members of the public) in force in the country. All
the handling with radioactive iodine solutions and iodine vapours shall be performed under protective
glove boxes. The glove box should be in a negative pressure enough to avoid to spread contaminated

flows to the

rooms.

The test installations shall be equipped with specific protection devices allowing to efficiently reduce
the iodine releases towards the environment (e.g. protection columns represented in the equipment 10
of the Figure 1), connected to the air ventilation system of the building. Examples of protection columns
are made with silver impregnated zeolites, silver impregnated aluminium oxide and qualified activated

charcoal.
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Test conditions

In order to ensure accurate and comparable measurement of sorbent performance, the following
conditions shall be met.

The

The

knov

The

hum

The

tou
perfy

following parameters shall be specified with their accuracy:
specified temperature;
specified gas relative humidity;

as flow transit time through the sorbent layer (contact duration);

¢oncentration of CH31311 in gas;

pecified CH3l mass concentration in gas.

hbsolute pressure shall be measured for the test, and the accuracy of thexmeasurenmn
/.

relative humidity and the gas flow of the test bench are set to aeliieve nominally ¢
dity (RH) conditions for the sorbent on the scale 30 % RH to 909% RH.

following parameters are fixed, within range intervals, fortlfe purpose of estimating t
be sorbents under high relative humidity (abnormal)<conditions and comparing 4
rmance index:

q

pecified gas relative humidity: (90,0 + 3) % in order to cover accidental conditions;

q

pecified temperature: (30,0 = 0,5) °C;

ras flow transit time through the sorbent layer (contact duration) — contact time in thq
,20st0 0,40 s;

4

oncentration of CH3131l in gas:\from 103 Bq/m3 (for the efficiency of the test)
oncentration to be defined with'regard to worker safety;

[(
[(

mass concentration of methyl iodide (mostly the stable one) in gas flow: 1 mg/m3 t
adsorption versus température is a linear function for methyl iodide concentration in

ent shall be

ach relative

he potential
he charcoal

e range from

to a higher

b 20 mg/m3
this region).

active mass

erature (e.g.
S.

5 with these

Addifionally, the total tested sorbent layer shall be sufficiently thick for the formation of an
trangfer zone.

Other comparisofis-dt other humidity levels (e.g. 30 % RH, 40 % RH, 70 % RH) or test temp
roon) temperature) shall also be possible, but exclusively with the same specified condition
NOTH The experience at a laboratory scale has shown good repeatability of the result
parallneters.

7 Sorbent testing

Each section of the sectional column (see Figure 3) is weighed, the sections are filled with the sorbent,
after which each section is once again weighed. Based on the difference in weights and bulk density, the
sorbent volume, V;, in each section is determined.

Sorbent volume in the column, Vo, is calculated using Formula (3):

1% _ Gsorb

sorb
psorb

© IS0 2017 - All rights reserved
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where

Gsorb

psorb

:2017(E)

sorbent mass in the column;

sorbent bulk density.

The sectional column is assembled and hermetically connected to thermostat gas lines. Radioactive
methyl iodide is placed into the generator. The humidifier is filled in with demineralized water or filled
with normal water with a specific demineralization system.

The humidi
conditions f

Approximat
in the sorbe

Q:ﬁ

T

The free vol

Vfr =X
where
y frad

When data
free volume

In the exam
0f93 % to 9

Draw a stra
plenum frac

The uncertg

For the exarn
and to the d

ier temperature and gas flow velocity are set to achieve nominally the specified hunfidity
br sorbent.
e volumetric gas flow rate, Q, is calculated on the basis of the values of fraction free volume
ht volume and chosen contact time, 7, using Formula (4):

(4)
Lme Vi is calculated using the formula:
Vsorb (5)
tion free volume in sorbent volume.
related to free volume is absent, a nomogram (see Figure 4) can be used to determing the
based on experimental values[Z]L3][5];
ble of Figure 4, ¥ is the granule sizeé (mm) and (¥min — ¥max) corresponds to a granules ifange
B8 % of the granules number,
ght line connecting corrésponding values of minimal and maximal granule size through the
tion scale. The point ofiintersection shows the desired value.
inty related to the,free volume shall be established.
hple of Figure/4,the uncertainties are linked on the x fraction free volume on the nomogram
hta used te'establish the nomogram are 8 %.

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=914fc88f35d0149ea47214457f0bfb96

8

ISO 18417:2017(E)

fmax
L 4,0
Ve
//
7 k38
7/
/7 - 3,6
/
//
, - 3,4
/
/ - 3,2
/
//
b - 3,0
- 2,8
- 2,6
- 2,4
Crin 7 - 2%
2,0 2,0
1,8 - 1,8
1,6 - 16
1,4 -
1,2 1
1,0
Figiire 4 — Nomogram for defining the fraction of free volume in the entire volume ¢ontaining
granulated activated non-compressed-charcoal to be used when free volume data are absent
est performance
The test procedure is as follows.
he specified conditions (as identified in Clause 6) are maintained stable during all the test.
H3131] vapourinjection into the gas flow is started, and gas mixing continues for engugh time to
identify a distribution along the sections (typically 3 h for around 15 c¢m thickness, tq be adapted

ependiiig,of the mass transfer zone). After this time, the injection is stopped and so
hen terminated.

rbent test is

hecolumns are removed from the test equipment and disassembled into separate sect|

ions (if any).

1311 activity is measured in each section. 131] activity is measured in terms of gamma radiation

line with 0,364 MeV energy and converted into Becquerel’s. The measurement uncert
be known.

ainties shall

The environment protection column is removed from the plant and 1311 activity is also measured in

the sorbent.

Gas activity concentration is defined as the ratio of the activity measurement for the whole sectional

columns and protection columns divided by the total volume of gas that passed through

the sorbent.

Mass concentration is defined as the ratio of all the activity measurement for sorbents in test and
protection columns divided by the specific activity of CH3131I and the total volume of gas that passed

through the sorbent.

© IS0 2017 - All rights reserved
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9 Determination of the sorption capacity index

9.1 Sorption capacity index determination

The determination procedure is as follows.

Determine the activity of sorbent for each section of column and the activity of th
Determine the activity relative to mass of sorbent for each section column A.

Calculate total sum activity 4, Bq, using Formula (6):

e protection column.

A= Acol + Apr (6)
where
Aol aclivity of sectional column;
Apr  activity of protection column.
If injected agtivity is known, compare it with the total sum activity A. If thedifference is higher thap the
accuracy of[the tests measurement, the results of the test cannot be used and the installation shall be
checked.
Calculate airf flow rate in the inlet of the column containing testedisorbent Qo) (cm3/s) using Formula (7):
—¢.-p0]-Q. T 0
bPo =91 Py ) Cin 12 ¢, - D,
Qcol 0 11+ (7)
(p2_¢2'p2)'T1 P2
where
Py  barometric air pressure, Pa (kPa);
@1 re¢lative humidity of atmospheric air inlet, before conditioning, fraction;
p;) sqturated water vapour pressure at T1, Pa (kPa);
Qin  alr flow rate in the-plant inlet, cm3/s;
T1 atmospheric\air temperature, K;
T,  operating temperature of the column, K;
p, a hsolute pressure-gasflow measuredin-theinputto-the columnwith-tested-sorbentPa{kPa);
@,  measured relative humidity of gas flow passing into the column with tested sorbent, fraction;
pg saturated water steam pressure at the column operating temperature with tested sorbent,
Pa (kPa).
Mass concentration of methyl iodide in gas flow during performance testing sorbent is calculated using
Formula (8):
A
= (8)
IxV
10 © IS0 2017 - All rights reserved
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where

C mass concentration of methyl iodide, kg/m3 (mg/m3);
I mass activity concentration of methyl iodide labeled by isotope of 1311, Bq/g;
V'  total volume of gas passed through column during performance testing sorbent, m3.

Concentration shall be between 1 mg/m3 to 20 mg/m3.

Further to construct plot (In4;) as function along layer of sorbent (L).
[nA A

0 =
L,cm

Figure 5 — Logarithmic activity distribution along sorbent layer

If the¢ experimental line is linear (Figure 5) it means the distribution of radioactive methyl iodide is
circymscribed exponential law and on.thebasis results of measurement can calculate sorptiion capacity
indey, if not the sorption capacity index cannot be calculated.

9.2 | Calculating sorption capacity index

Detefminate volume of saofbent in each section column using Formula (9):
o= di 9

wherte

V;~"volume of sorbent in section, cm3;

gi mass of sorbent in section, g;

p bulk density, g/cm3.
A :
Calculate In——— for the layers of sorbent in column.

m
A—ZAI.

i=1

© IS0 2017 - All rights reserved 11
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Calculate real contact time for each section using Formula (10), where m < n:

n

Z'ZVi

r =il
Qcol

where

Qco1  air flow rate as calculated in Formula (7);

(10)

X fraction free volume in sorbent volume.

Construct plot In

as a linear function of 7t (see Figure 6).

|
[
|
|
|
|
|
|
|

Tm

T

Figure 6 — Logarithmractivity as function contact time

For any contact time, find the valuefogarithm ratio activities using the plot.

The sorptioh capacity index of-the sorbent &, is calculated according to Formula (11) for the co

time 0,2 std 0,4 s:

§:llln <
T

ntact

(11)

m
- ZAI.
i=1

m

For an example using sorption index, see Annex D.

9.3 Uncertainties of measurements

All the uncertainties shall be consistent with the range of parameters to control defined in Clause 6,

and in any case shall be less than the ones described in the Table 1.
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Table 1 — Measurement accuracy requirement for instrumentation

Measuring parameters

Limiting error for the maximum sensor
range

Atmospheric air

— absolute pressure +1,0 kPa
— temperature +1,0 °C
— relative humidity +1,5%
— gas flow speed 5%
Inlet sectional column

— abpsolute pressure +1,0 %
— temperature +0,5 °C
— rglative humidity +3,0 %
— pressure differential in the column 1,0 %
Testsample

— weighting sample +0,01g
Radipmetric unit

— sgmple activity +3,0%
Fraction of free volume £8 Y%

All the uncertainties values in Table 1 are expanded relative uncertainties (denoted U) pf £1 (66 %
confidence interval).

The global uncertainty value is expressed at an enlarged confidence interval of 2 sigma (95 %).

10 Documenting test results

The {

— 1

For {
laboj

est results shall comprise the following elements:

est report (see Annex A);

— i]mnternal test report (see Annex B);

easurement results((see Annex C).

he purpose of selving potential controversial issues, the tested samples may be stored in the
atory for a given period with a specified date for the sample.

© ISO

2017 - All rights reserved
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Annex A
(normative)

Format of test report (for the customer)

Laboratory Date of testing
Title The person who conducted the test
Address Name

Phone (fax) No. Position

E-mail addrgss Signature

Customer:

Title

Address

Phone (fax)
Rated test ¢
Sorbent (saf]
Temperaturj
Relative hui

Gas flow rat

No.

nple) reference

S

ronditions (to be expressed with measurement uncértainties):

K (°C)

hidity

%

c

m3/s (cm3/s)

Column diameter

Sorbent layg

Contact time

Injected act
Conclusion
1 Sorbent sd

2 Comments

r thickness

h

m (mm)
m (mm)
S
vity (if known) Bq
rptioncapacity index (£) S
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(approver name and signature)
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