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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.

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

The main [task of technical committees is to prepare International Standards. Draft Internati¢nal
Standards|adopted by the technical committees are circulated to the member bodies)’for voting.
Publication as an International Standard requires approval by at least 75 % of the member boflies
casting a vpte.

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

[SO 10121-P was prepared by Technical Committee ISO/TC 142, Cleaning equipment for air and other gdses.

ISO 10121| consists of the following parts, under the general titleTest methods for assessing|the
performange of gas-phase air cleaning media and devices for general Ventilation:

— Part 1:|Gas-phase air cleaning media (GPACM)

— Part 2:|Gas-phase air cleaning devices (GPACD)

iv © ISO 2013 - All rights reserved
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Introduction

Thereisanincreasinguse and need for gas-phase filtration in general filtration applications. This demand
can be expected to increase rapidly due to the increasing pollution problems in the world together with
an increasing awareness that solutions to the problems are available in the form of filtration devices or,
phrased more technically, gas-phase air cleaning devices (GPACD). The performance of devices relies
to a large extent on the performance of a gas-phase air cleaning media (GPACM) incorporated in the
device. Still applications and device performance are often poorly understood by the users and suppliers
of such media and devices. Media tests may also be adequate to offer data for real appllcatlons if actual

. 2 est, provided
that the geometrlcal conflguratlon packmg den51ty and flow condltlons ofthe small scale tegt specimen
are|equal to those used in the real applications. Such tests are however not included-in the scope of

[SO|10121. ISO 10121 attempts to increase understanding and communication by ‘supply
stamdardized interface between media suppliers, device suppliers and end users. At|present
exigt for general ventilation in Japanlll by JIS, automotive filters by ISO[4], in-duct sorptive
phalse air-cleaning devices by ASHRAEIZ] and for adsorptive media by ASHRAEI8] and Al
intdrnational standard for general filtration exists today.

Thip part of ISO 10121 prescribes methods, test equipment, data intetpretation and report
phalse air cleaning devices intended for the removal of gas-phase‘contamination from airj
venfilation applications.

addition, information is given in a number of annexes:
Annex A describes the normative validation procedure'in detail in a tabulated form.

Annex B gives a list of possible test gases, géneration sources and suggests suitab
equipment for common test gases in addition to reference techniques given for the
benchmark setup in Clause 5.5.

Annex C discusses different test stand«designs.

Ag
scie

eneral introduction to molecularfiltration and molecular filtration testing can be fo
ntific literature.

ISO
gas

10121 aims to provide laberatory test methods for media and devices which are used for
phase contaminants frgm-dir in general ventilation. It consists of two parts:

ISO 10121-1 covers-three different media configurations and is targeted toward
standardized interface between media suppliers and producers of air cleaning devices.
be used betwéen media suppliers and end customers with regards to loose fill media pr

devices:and end customers seeking the most cost efficient way to employ gas-phase filtr

ng a more
standards
media gas-
STMI2]. No

ng for gas-
in general

le analysis

simplified

und in the

removal of

5 giving a
[t may also
hperties.

This papt,of" ISO 10121 aims to give a standardized interface between suppliers of afir cleaning

ation.
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Test methods for assessing the performance of gas-phase
air cleaning media and devices for general ventilation —

Part 2:
Gas-phase air cleaning devices (GPACD)

1

Thi
full
dev|
alto
prid
not
To ¢

Inst
exa

scriibbers, absorbers, non-sorptive devices or packed columhs as long as they fit into the test|

can
resi

Scope

5 part of ISO 10121 aims to provide an objective test method to estimate the pérformg
size gas filtration device (GPACD) for general filtration regardless of media ©r,technique

gether. The benefit with this approach is that customers of GPACDs will be able to conc
e/performance and suppliers will have access to a normative and, objective test standaj
require the release of proprietary information or reverse engineering of the product.

nsure objectivity for test equipment suppliers, no specific désign of the test apparatus i
eadrequirements of apparatus properties and validation tests are specified. However, diffe
nples in present use are outlined. This part of ISO 10121 ¢an also be used with technolog

be meaningfully judged by the test method and are jintended for general ventilation applicg
dential and non residential. Nuclear and military@pplications are specifically excluded.

nce of any
used in the

ice. In fact, the goal of this part of ISO 10121 is to avoid relating the test data to internal parameters

entrate on
d that will

5 specified.
rentdesign
ies such as
apparatus,
tions, both

nt and are

S.

rings apply.

2 |Normative references

The following documents, in whole or ifi-part, are normatively referenced in this docume
ind{spensable for its application. Forxdated references, only the edition cited applies. F¢r undated
refgrences, the latest edition of the referenced document (including any amendments) applig
1S0[29464:2011, Cleaning equipnient for air and other gases — Terminology

EN [15805:2009, Particulate air filters for general ventilation — Standardised dimensions

3 |Terms anddefinitions

For[the purposes-of this document, the terms and definitions given in ISO 29464 and the follow
3.1

absporption

traTsport and dissolution of a sorbate into an absorbent

3.2

adsorbate

molecular compound in gaseous or vapour phase that will be retained by the adsorbent material of the media

3.3

adsorbent
material that collects adsorbates on its surface through physical or chemical processes

3.4

adsorption
process in which the molecules of a gas adhere by physical or chemical processes to the exposed surfaces
of solid substances, both the outer surface and inner pore surface, with which they come into contact

©IS
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3.5

breakthrough
amount of gaseous contaminant in the effluent of a GPACD

Note 1 to entry: See “penetration”.

3.6

breakthrough vs. time curve
plot of contaminant penetration versus time for a particular challenge concentration and airflow

[Source: ISO 29464:2011; 3.2.67]

3.7
bypass
proportion

[Source: IS

3.8
capacity
mg

amount (m
given test

of the challenge air stream that passes around the GPACD without contacting the media

D 29464:2011; 3.2.64]

ass or moles) of a selected sorbate that can be contained in the filter media of a GPAC
onditions, and a specific end point

Note 1 to enftry: Capacity can also be negative during desorption.

3.9

challenge
concentrat
cf. challeng

3.10
challenge
chemical c

3.11
challenge
test contar

[Source: IS

3.12

concentration

e air stream

compound
pbmpound that is being used as the.contaminant of interest for any given test

air stream
hinant(s) of interest dilutédto the specified concentration(s) of the test prior to filtration

D 29464:2011; 3.2.16]

channelin

disproportionate or unéven flow of gas through passages of lower resistance due to inconsistencig
the design for production of a GPACD, particularly in packed granular beds

[Source: ISP 29464:2011; 3.2.17]

ion of the test contaminant(s) of interestin the air stream prior to filtraf

D at

—

on

3.13

chemisorption

chemical adsorption
trapping of gaseous or vapour contaminants on an adsorbent involving chemical reaction on the
adsorbent surface

[Source: ISO 29464:2011; 3.2.19]

3.14

concentration

Cn

quantity of one substance dispersed in a defined amount of another

Note 1 to entry: Indices “n” denote location.

© ISO 2013 - All rights reserved
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[Source: ISO 29464:2011; 3.2.21]

3.15
contaminant
substance (solid, liquid, or gas) that negatively affects the intended use of a fluid

[Source: ISO 29464:2011; 3.2.23]

3.16
decay time

gTeater than
tyc) at the

stream

efficiency vs. time curve
plot of the GPACD removal efficiency against time,over the duration of a challenge test for g particular
challenge concentration and airflow

[Sotirce: ISO 29464:2011; 3.2.31]

3.2
efficiency vs. capacity curve
plot of the GPACD removal efficiency against the integrated capacity over the duration of a challenge test
for g particular challenge concéntration and airflow

[Soyirce: ISO 29464:2011; 312:28]

3.2
face velocity
air flow rate divided by the cross sectional area of the GPACD

3.2
gas
subktance whose vapour pressure is greater than the ambient pressure at ambient temperatjure

[Source: ISU 29464:201T; 3.2.47]

3.23

gas-phase air cleaning device

GPACD

assembly of a fixed size enabling the removal of specific gas- or vapour-phase contaminants

Note 1 to entry: It is normally box shaped or fits into a box of dimensions between 300 x 300 x 300 mm up to
approximately 610 x 610 x 610 mm or 2 x 2 x 2 feet.

[Source: ISO 29464:2011; 3.2.45, modified - NOTE has been modified.]

© IS0 2013 - All rights reserved 3
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3.24

GPACD face area

cross-sectional area of the GPACD also including a header frame if so equipped when viewed from the
direction of air flow using exact dimensions

3.25

gas-phase air cleaning media

GPACM

media or media configuration used for filtering a contaminant

EXAMPLE aporous film or fibrous layer; a bead shaped, granular or pelletized adsorbent (or chemisorbent); a
support strficture of fabric, foam or monoliths containing adsorbent in the form of small sized particles, granfiles,
spheres or jowder; a woven or nonwoven fabric completely made from an adsorbent material

3.26
initial efficiency
efficiencylf an unexposed filter or GPACD calculated as soon after the start of a test asis possible

Note 1 to enftry: For gas-phase, this should be calculated as soon as a steady reading can be obtained.

3.27
molecularf contamination
contaminafion present in gas or vapour phase in an air stream and excludidg compounds in particullate
(solid) phape regardless of their chemical nature

3.28

ppb(v)
parts per Hillion by volume
concentration measure normally used to record ambient levels of outdoor pollution

Note 1 to entry: Units are mm3/m3.

3.29

ppm(v)
parts per million by volume
concentration measure normally used to record pollution levels in, for example, work place safety

Note 1 to entry: Units are cm3/m3 and rlm3.

3.30
penetratign
P
ratio of corftaminant concentration downstream of the filter to the upstream (challenge) concentratfion,
sometimes|expressedias‘a percentage

Note 1 to enftry: Related to efficiency (E) by the expression: E = (1 - P) x 100 %.
[Source: ISP29464:2011; 3.2.51]

3.31

physisorption

physical adsorption

attraction of an adsorbate to the surface, both outer surface and inner pore surface, of an adsorbent by
physical forces (Van der Waals forces)

[Source: ISO 29464:2011; 3.2.52]

4 © IS0 2013 - All rights reserved
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3.32

por

e

minute passageways through which fluid may pass or that expose to the fluid stream the internal
surfaces of an adsorbent media

[Source: ISO 29464:2011; 3.2.55]

3.33

pre
Ap

ssure drop

difference in pressure between two points in an airflow system at specified conditions, especially when

measured across a GPACD

3.3

removal efficiency

E
frac

3.3
ret
my

med

Not

[So

3.3
res
tr

relg
(eg

Not
supj

[Soyirce: ISO 29464:2011; 3,2171]

3.3
rise
tRn
tim

con]:itioned air only, following challenge breakthrough.

tion or percentage of a challenge contaminant that is removed by a GPACD,.ata given tim

D
entivity

isure of the ability of an adsorbent or GPACD to resist desorption'of an adsorbate

e 1 to entry: Computed as the residual capacity (fraction remaifing) after purging the adsorben

rce: ISO 29464:2011; 3.2.61, modified - NOTE has been added]

-

D
dence time

tive time that an increment of fluid (or Contaminant) is within the boundaries of the me
a bed of granules or a non-woven sheet)

b 1 to entry: In typical use and in this part of ISO 10121, this value neglects the fact that the media
bort structures occupy a significant,portion of the volume of the bed [tg = V (total bed volume) /Q (ai

7
time

b between initial injection of contaminant and reaching 95 % of the challenge concentrs

empty duct (tgi=tyo) measured at the downstream sampling location for a specific test (n]
gasland gas-flow

3.3

sorpate

1%

with clean,

dia volume

hind possible
I flow rate)].

tion for an
, challenge

mol

ecular compounds that are retained in the adsorbent of the device

Note 1 to entry: The sorbate will refer to both intended compounds like the selected challenge gas in a test or
pollution in real service but also any other compound present in the air stream e.g. gases and vapours.

3.39
sorption
processinwhich fluid molecules (gas orliquid) are removed by a GPACD media by absorption or adsorption

©IS
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3.40
vapour

substance whose vapour pressure is less than the ambient pressure at ambient temperature, but is
present in the gas phase through evaporation or sublimation

[Source: ISO 29464:2011; 3.2.74]

4 Symbols and abbreviated terms

4.1 Sym

ols

Cu
Cp
Ap

Ej

Ec

EEND

my

MsE]

msy

msp

pu

pD

RHy
RHp

to

LEND

upstream concentration [ppb, ppm] measured at a position X mm before the device
downstream concentration [ppb, ppm] measured at a position Y mm after the ‘device
pressure drop measured over the tested device [Pa]

initial removal efficiency [%] for the device measured at a low (< 1 ppm) challenge conc
tration during the initial efficiency testin 6.3

removal efficiency [%)] for the device measured at the challenge concentration selected
during the capacity testin 6.4

efficiency recorded at stop test time or value agreed between user and supplier [%]

retentivity [g],[mol]; the amount withheld by the device after ventilating with clean air
the same flow selected during the capacity testuntil Cp reaches a specified value close {
Zero.

the integrated amount in moles or grams-of challenge compound accumulated during th
initial efficiency test in Formula (2)

the integrated amount in moleg-ox’gram of challenge compound accumulated during mg
urement at the upstream position in Formula (3)

the integrated amount id moles or grams of challenge compound accumulated during
measurement at the dewnstream position in Formula (3)

the total integratedamount [g], [mol] of challenge compound accumulated during the
whole challengetest

upstreamspressure [Pa] measured at a position X mm before the device

downstream pressure [Pa] measured at a position Y mm after the device

as-

DSi-

flow used in test (normally the rated flow for the tested device) [m3/h] measured ata p

tIOT Z T af ter the device
upstream relative humidity [%] measured at a position X mm before the device

downstream relative humidity [%] measured at a position Y mm after the device

start time. The time when Cy (contamination concentration upstream) equals the selected

challenge concentration for an empty duct

time when a test is stopped. The time when a desired concentration or other termination
criteria have been met in any of the prescribed test procedures (agreed between user and

supplier)

© ISO 2013 - All rights reserved
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tpe decay time for challenge concentration

tpE decay time for initial efficiency concentration

treC rise time for challenge concentration

tRE rise time for initial efficiency concentration

tvc time noted at challenge gas valve closure

tvo time noted at challenge gas valve opening

Tu upstream temperature [°C] measured at a position X mm before the device

Tp downstream temperature [°C] measured at a position Y mm after the device

1% face velocity [m/s] calculated from flow and cross sectional area of' device

X a position X positioned sufficiently far ahead of the device to allew undisturbed meas-
urements, determined in the validation, Annex A. At the distance X, the concentnation of
challenge compound is sufficiently mixed and uniform overthe cross sectional area of the
duct while not being so close to the device that the devijce itself obscures the floy, pressure
drop or concentration.

Y a position Y positioned sufficiently far after the device to allow undisturbed megsure-
ments, determined in the validation section; Anthex A. At the distance Y the concgentration
of penetrating challenge compound is sufficiently mixed and uniform to represept the
average of the device and not being so clése to the device that the device itself ohscures the
flow, pressure drop or concentration,

Z a position Z positioned sufficiently*far after the device to permit a reliable flow rtheasure-

ment using an orifice device, determined in the validation, Annex A

4.2| Abbreviated terms

nd Mate-

ASHRAE American Sogiety of Heating Refrigerating and Air-conditioning Engineers

ASTM ASTM International, formerly known as the American Society for Testing 4
rials{ASTM)

HERA High Efficiency Particulate Air (filter)

JIS Japanese Industrial Standards

JSA Japanese Standards Association

MSDS Material Safety Data Sheet

NMP n-Methyl -2-pyrrolidone

TLV threshold limit value. Amount of a chemical substance is a level to which it is
believed a worker can be exposed day after day for a working lifetime without
adverse health effects.

vocC Volatile Organic Compound

© IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=d260629b7d05c3e0b7dea33c4eb3ac9b

1ISO 10121-2:2013(E)

5 Testing of GPACDs

5.1 General

This part of ISO 10121 shows how to measure four key parameters that reflect the performance of a
GPACD. The four parameters are:

pressure drop, Ap

capacity, mg

removpl efficiency, E

retent

vity, my

These pardmeters are:

linked

to each other;

different for different gases (exception: Ap is not affected);

differgnt for different concentrations of the same gas (exception: Ap is ot affected);

affectdd by other gases present, by temperature, by humidity and-by the air flow.

The ideal ¢
application
the testis
agreed bet

are used,
for deterrInation of capacity. Besides the key perfornmtdnce parameters other important factors nust

also be cor
employing
types as w
on availab
emissions,

This claus
of the chal
pollution i

hse would be to test at the exact parameter values and.concentration present in the inten
,butthen the testtime would be aslong as the real sexvice life, e.g. years. One way to accele

ded
rate

o increase the concentration. In this part of ISO 10221 an increased concentration shouldl be

ween user and supplier. Alternatively, for generallbenchmark purposes three concentrat
e mildly increased for determination of the.reémoval efficiency and two strongly increa

)sidered. Particles may be emitted dowanstream, at least during initial start-up, for GPA
loose fill granular and pelletized adsorbents or adsorbent fibres and possibly for other m¢
ell. This may pose a problem depending on the sensitivity of the specific application
e particle filtration after the GPACD. Others factors that may be considered are gase
corrosion resistance, weight.and depth requirements.

b will describe the normative part of the test stand, normative parameters for genera
enge air stream and, suggest test gases for benchmark purposes and for the case when
n the real application-is not yet defined. Clause 6 describes in detail the test sequence

conditioning and for determihation of pressure drop, initial removal efficiency, capacity and retenti

in this ordg

5.2 Test

78

setup and normative section of test stand

The teste

ons
sed

CDs
pdia
and
ous

fion
the
for
ity

1 to

enforce a pptticular engineering solution or analysis technique. Several designs and analysis technig

ues

ipment can be designed in various ways and it is not the purpose of this part of ISO 1012
are describa_rl—r—rﬁrﬁmmm_l_le i the Informative annexes. It 15 the User of this part o at shoutd Select the
solution best fitted with regard to equipment availability and other concerns. There are some key
parameters that WILL SEVERELY SKEW THE DATA or make benchmark testing impossible unless they
are controlled within specified limits. These parameters are displayed in the normative test section in

Figure 1 and Table 1. The adherence to these levels must be demonstrated by the tests provided in the
validation section.

The GPACD must be installed without leakages or bypass. The air stream should be uniformly mixed
and with equal velocity and upstream concentration over the cross section. Recorded parameters are
concentration C, pressure p, temperature T and relative humidity RH in two positions. The air flow is
recorded at a third position.

The inner dimension (ID) of the duct, width and height as indicated in Figure 1, should be 610 x 610 mm
along the whole GPACD section. Devices in actual (full) size must always be tested. Flat adaptor plates

8 © IS0 2013 - All rights reserved
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are used for GPACD < 610 x 610 mm. In addition, a duct with internal dimension (ID) 300 x 300 mm
is permitted for testing of a full size 300 x 300 mm GPACD. Acceptable sizes of GPACD for testing are
300 x 300 mm to 610 x 610 mm. The length of the GPACD section shall be greater that the inner dimension
(ID) of the duct, ideally 1-3 x ID. Any changes in duct diameter before and after the GPACD section should
be designed so that the flow is uniform over the entire GPACD cross section.

Key
1 |diffusor and Ap device

2 |sampling points - should be of “fork” type.ot similar with multiple inlet points to make a compourjded sample
over the whole cross section

GPACD under test

GPACD section of test duct

upstream sampling point for-Fg RHy, py and Cy at X mm before the GPACD
Downstream sampling pointfor Tp, RHp, pp and Cp at Y mm after the GPACD
Q, air flow rate samplifig)point at Z mm after the GPACD

internal width of the test duct along the GPACD section, 3+4

internal height©fjthe test duct along the GPACD section, 3+4

3‘%\]0\0‘1%(&)

Higure 1'=~Normative section of test stand showing ducting, measurement paramefers and
sampling points

5.3 Raw data, sampling accuracy and normative generation parameters

Ideally all measurement parameters in Figure 1 should be measured continuously with a computerized
logging system. The sampling frequency should be fast enough to produce smoothly changing data and
not overlook any events. In Table 1 below normative generation parameters in addition to prescribed
accuracy are given.

© IS0 2013 - All rights reserved 9
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Table 1 — Normative generation parameters, measurement frequency and demands on
accuracy during test

Normative Permissible
. . Absolute R Measurement
Parameter generation Unit Range oscillation
accuracy . frequency
parameters during test
Cu selected in 5.4 or ppb(v) 100 - 100000 £15% +30 S5min, 1 h, 4 h,
5.5 12 ha
Cp 1 minb (or longer
if atleast 100 pts
- ppbigo——2 20 of Cy - e SR RIS "cncra?ed
o PP 100 000 e T 5
down to 50 %
efficiency)
Tu ;eéected in 5.4 or £0,5°C
2.9 °C n.a +0,5°C samie as Cp
Tp n.a. n.a.
RHy ;e!l;ected in 5.4 or +30 R
22 % n.a +1%RH same as Cp
RHp n.a.
PU, PD - Pa - +5 + same as Cp
Ap (pu - pp device specific Pa - +2 +2 same as Cp
Q, air flow fate |rated air flow m3/h n.a. +5.%
. (5.4) or face +20
vg, face velocity velocity 2,5 m/s m/s n.a. +3% same as Cp
(5:5)
a  Upstream concentration needs, at a minimum, to be measured-before and after an individual test sequence.
b Measur¢ment duration may need to be longer for concentration to permit low level detection using ex situ equipmnjent,
e.g. Tenax tupes, resulting in less frequent measurments thafi'every 5 min.

Temperatufre and relative humidity are normatively specified for benchmark tests (see 5.5) but may flso
be changed to fit a specific GPACD or application (see 5.4).

5.4 Testlparameters selected between user and supplier

5.4.1 Genperal

The normaltive setup specifies all variables except rated air flow, challenge gas, challenge concentratfion,

temperatufe, relative Huniidity and test duration. These parameters will depend on the specificat
and purpose of the device under test and should be agreed upon between supplier and user.

5.4.2 Ai

flow'rate and face velocity

— e

on

The rated ai for-a-GPA onstruetiont er-and-the-deviee-winoetperformasexpedted
if the air flow is different. Typically a device will exhibit improved performance at a lower than rated air
flow and reduced performance at a higher than rated air flow.

5.4.3 Challenge gas

The challenge gas selection needs to conform to the intended functionality of the GPACD, e.g. it must be
established if the device is designed to remove the selected challenge gas. If possible, the best choice is to use
the same gas as in the intended real application. Several known pollutant gases are suggested in Annex B.
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5.4.4 Challenge concentration

The challenge concentration willalwaysbe acompromise and pose arisk forunder-or over-estimating the
real life performance of a GPACD. For a GPACD designed to remove organic compounds by physisorption,
the measured performance is a direct function of the selected challenge concentration as described by an
adsorption vs. concentration isotherm. In addition, a device that performs best in a high concentration
test may not be the best in the low concentrations of a real installation. Therefore the lowest practical
possible challenge concentration should be used for both the initial efficiency and capacity portions of
the test. For a GPACD designed to remove acid or alkaline compounds by chemisorption, a concentration
dependence of capacity 1s not normally seen for challenge concentrat1ons in the normative range if only
emoved by
hcity given
Sed in each

by pure chemisorption. The effects of the selected challenge concentration need to be asses

indjvidual case.

5.4/5 Temperature and relative humidity

The
phy

rea¢

the
the
relg
par

5.4
Thi

to define tests with duration from one hour to:séveral months.

Seld
SCrd

5.5

5.5

For
con|
the
in 1
to 4
det

air temperature can affect the rate of chemical reactions in chemisorption and t
sisorption of VOCs. The relative humidity needs to be over a certain minimum value fc
tions involving water to proceed. In the case of adsorbents for VOC¥emoval through phy
relative humidity can have quite a strong influence due to competition for adsorption sit
water in the air and the contaminants. For applications where the expected temperat
tive humidity is far from the normative values givenin 5.5,itis recommended to use actual
hmeters for the test.

6 Test duration

5 is a function of the gas, gas concentration, adserbent and selected end point of the test. It

Simplified benchmark sétup

1 General

benchmark purpgdses, a set face velocity, temperature, and relative humidity, along
centration levels-and three gases are suggested as a best compromise between measuren
resolution of‘available measurement techniques and acceptable testing times. These
able 2 belew: The intention of this setup is to aid in an initial screening of different G
stablish<a))performance baseline. It must be stated that this test may not be sufficient]
ermine the best device in a specific application.

ction of the four parameters above must be agreed upon in each specific case. However,
ening of suitable devices for general filtration a simplified benchmark setup is suggested below.

he ease of
r chemical
sisorption,
bs between
lire and/or
hpplication

is possible

for a first

with three
ent errors,
are given
PACDs and
enough to

5.5

2 ~Initial remaoval efficiency test

A low concentration must be used in the determination of the initial efficiency. Ideally one would use
the actual concentration of the application, but most likely one would need to increase the concentration
due to technical or economic limitations in low level generation and analysis. To ensure that the test
does not begin to saturate the filter, a maximum permissible efficiency decay is given. This test will take
between 1 hand 3 h.

5.5.3 Challenge test concentration

To ensure that the challenge test can be performed with a test time between 1 h and 12 h, two high
concentrations are given: 9 ppm(v) and 90 ppm(v). The higher concentration may be needed in order
to ensure that a device is challenged enough to show an efficiency decay of > 10 %. To ensure that the
test is challenging the filter enough to produce useful data, a minimum permissible efficiency decay
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is also given. Data obtained can be used for comparison between different GPACDs providing that the
compared data for BOTH were measured at either 9 ppm(v) or 90 ppm(v) with the same gas and at the
same face velocity.

5.5.4 Filters for VOC tested with toluene

The goal is to select the lower concentration for toluene whenever possible since the data produced from
this concentration will better mirror the actual application. At higher concentrations the isotherms from
different adsorbents may change ranking due to pore volume and show an “empty” and easily desorbed
capacity not available in the real application. The higher concentration will be needed for very heavy
devices wigh-more-than56-kg eeradserbett S S
concentratjon and to stop the test at a higher end efficiency than to use the higher concentration ahdjrun
the whole ¢urve down to zero end efficiency.

5.5.5 Filfers for acids and bases tested with SOz and NH3, respectively

For acids 4dnd bases no direct concentration difference is expected at 9 ppm(v) or90 ppm(v), so[the
higher confentration may be used for convenience. However, use caution and consult available datd for
the adsorbpnt, this may not be true for all present and future adsorbent systens.

Tdble 2 — Challenge gases and concentrations for the simplified benchmark test

Challenge gas and concentration for the initial efficiency determination’(6.3)

Parametd¢r | Selected | Challenge | Unit Reference analysis Face Ty | RHy | Maximum
gas level technique velocity | [°C] | [%] | permissible
[m/s] efficiendy
decay durjng
testb
Acid S0,a 450 ppb(v) UV fluarescenced 2,5 23 50 5 %
Base NH3 450 ppb(v) | chemiluminescenced 2,5 23 50 5%
VoC toluene 5 ppm(v) PIDd or FIDd 2,5 23 50 5%
Challenge gas and concentration for the capacity determination (6.4)
Parametér | Selected | Challenge | _Unit Reference analysis Face Ty | RHy Minimur
gas level technique velocity | [°C] | [%] | permissille
[m/s] efficiendy
decay after
12 he
Acid S0Oja 9790c¢ ppm(v) UV fluorescenced 2,5 23 50 >10 %
Base NH3 9/90 ¢ ppm(v) | chemiluminescenced 2,5 23 50 >10 %
vVoC toluene 9/(90)¢ ppm(v) PIDd or FIDd 2,5 23 50 >10 %

a  For othdracid gases SOz may not be representative. In applications for HzS, NO, NOy, etc. it may be better to test witH the
gas in questijon:

b Atest forinitial efficiency should not decay during the test but this may be the case iI the selected [ow concentration is
well beyond challenge capacity of the filter. Therefore, a maximum permissible efficiency decay during the initial efficiecy
testis given. A GPACD not filling this demand may still be tested according to 5.4.

¢ The lower or higher concentration is selected depending on filter type/ weight/ purpose/ data sheet. The lower
concentration is preferred for toluene while the higher concentration may be needed for all gases to reach the minimum
permissible efficiency decay after 12 h.

d  The reference techniques are the ones preferred in this part of ISO 10121. However, other techniques may be used
provided that the test supplier can show doccumented correlation versus the reference technique.

5.5.6 Retentivity test

For devices tested with toluene a retentivity determination is recommended, see 6.5. This test is
performed directly after the challenge test simply by keeping the same air flow but with the challenge
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gas switched off. The decaying downstream concentration is then recorded until the concentration

is <5 9% of the original challenge concentration or to a test time of maximum 6 h.

6 Testsequence

6.1 General

This test sequence should be used for testing with both application specific gases and with the simplified
benchmark setup. A full test consists of four consecutive parts, one each for the determination of the

fou

of the user and of the specific GPACD to be tested, not all key parameters may need to be@eter
optjonal to performall three remaining parts or a subset of these but atleast 6.4 “Capacity dete
shopld be performed. However, any and all parts performed must conform to the normative
parf of ISO 10121.

A v
(sed
ups
floy

ilidation of test stand, generation equipment and analysers must be performed before the
Clause 7 and Annex A). In particular, if only one analyser is used, thie)lag times, tg and ¢
tream and downstream measurements must be previously determined for the concent
F used in 6.3 and 6.4.

6.2| Conditioning and pressure drop determination

Bef
wit
min
air
rate
not
flov
and
of t}

pbre any performance measurements are made the.device should be conditioned wit
hout challenge gas at correct air flow rate, temperature and relative humidity until a
imal temperature and humidity gradient over the device is reached. The pressure drop 4
[low shall be measured and recorded. In addition, the relationship between pressure drq
shall be determined and reported for 50 %5/75 %, 100 % and 125 % of rated air flow. I
bd that the Ap values are affected by the.test duct and any adaptor plates used in additi
U restrictions not caused by the tested device. A duct having minimal flow restrictions sho
the pressure drop through the ductwithout the filter should be documented for possible
e measured pressure drop acro§s the filter. Probable deviations should be commented in

6.2{1 Procedure

1. Select the desiredqair flow rate (i.e the rated air flow of the device or the air flow for {

for the device tabe tested according to 5.4 or 5.5.
2. Calibratefanalysis equipment according to Annex A or manufacturer’s recommendatid

3. Prepare the test stand and seal it without introducing a GPACD. Prepare the chg
source'and check that selected challenge gas concentrations can be achieved within the
aecuracy at the desired air flow rate. Determine the rise and decay times according {

evice to be
h the needs
mined. It is
rmination”
part of this

test starts
D, between
ration and

h clean air
stable and
t the rated
p and flow
L should be
bn to other
11d be used
correction
the report.

he specific

application), tempe€rature, relative humidity, challenge compound and challenge concentration Cy

ns.

illenge gas
normative
o Clause 7

unless prpvinnc]y known foridentical conditions

4. Turn the source off (to exhaust) and let the concentration reach zero.

tested. Return to the desired air flow rate.

6. Introduce the GPACD into the test stand.

the specific application.
8. Let the flow stabilize and record the pressure drop Ap.

9. Change the air flow to the next percentage increment of the design/rated air flow.

© IS0 2013 - All rights reserved

5. Record the pressure drop of the empty duct at each of the flow rates at which the GPACD will be

7. Increase air flow to the desired air flow rate i.e. the rated air flow of the device or the air flow for

13


https://standardsiso.com/api/?name=d260629b7d05c3e0b7dea33c4eb3ac9b

1ISO 10121-2:2013(E)

— 10. Repeat steps 8 and 9 for 50 %, 75 % and 125 % of the air flow.
— 11. Return the air flow to the 100 % setting.

— 12. Monitor T and RH every 1 min. The equilibrium time is reached when the relative difference
between readings from the same probe is stabilized within 1 % for RHy and RHp and within 0,2 °C
for Ty and Tp for at least 15 min for all four parameters. When this is reached, the unit is ready for
further testing.

6.2.2 Calculations

No calculations besides those in step 12 above.
6.2.3 Reporting and graphs
Plotting pressure drop against flow rate yields a graph whose slope can be used to compare products in
terms of their resistance to flow.
— Plot thle pressure drop Ap for the GPACD versus air flow rate in the test repext, Clause 8.
Ap .
100

50 b
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70

ED /

. /

40

30

20 /

10

1 | | | | |
o 300 100 1304 2000 2500 30 3500
Q
Key
—— GPACD

Q aif flowgfm3/h]
Ap prlessure drop [Pa]

Figure 2 — Example of a pressure drop vs. air flow graph

6.3 Initial removal efficiency

Many GPACDs designed for general ventilation need to be optimized for minimum pressure drop,
which often results in the fact that they may have less than 100 % efficiency already from the start.
Therefore, the second part of the test sequence estimates the beginning efficiency of the GPACD at
conditions as close to the application as is practical. The second part of the test should be performed
at a concentration low enough to resemble the real application. For the initial removal efficiency test,
an application specific gas is selected according to the realistic concentration level and property of gas
such as odour threshold, or the simplified benchmark test is used (see 5.5, Table 2). The goal of this test
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is to determine the removal efficiency at realistic concentrations. However, if the determined efficiency
values during the repetitions of this test show a clear trend of decreasing, this is an indication that the
selected concentration and flow conditions are not representative of an initial efficiency measurement
but rather a capacity test. A lower value for Cy must then be used and the test repeated with a new
GPACD sample since the first one is already partially saturated. The maximum permissible efficiency
decay is given in 5.5, Table 2. This test will normally continue for around or less than 3 h.

6.3.1 Procedure (continued from 6.2.1)

— 13 From the procedure in 6.2.1 the GPACD should be mounted 1n the test stand, at the desired

£1 alils Tl L £l L
dall 1T1IUVV auu I Cblulllul Uil 11Ic DCLLIIISD LU rcacil wy alLCl CIICT 1100 \.uuc LKE llluDL T preVlOuSly

determined as in 7.2.

— |14. Monitor Ty, Tp, RHy, RHp, Ap and Q every 5 min or more frequently.
— |15. Turn challenge gas source ON and wait tgg. Note the test start time ¢g.

— |16. Switch to Cp and start to measure. Since the GPACD was introduced with the soufce off, the
downstream concentration is valid directly and it is not necessary te-wait the decay timg tpg.

— |17. Measure Cp until the readings have stabilized or at least for 10.min.

— |18. Switch to Cy and start to measure. Note the concentration increase but discard the readings
during tRrg.

— |19. Measure Cy until the level is sufficiently stable or atleast for 10 min.

— |20. Switch to Cp and start to measure. Note the-¢éncentration decrease but discard tHe readings
during tpE.

— |21. Measure Cp until the readings have stabilized or at least for 10 min.

— |22. Repeat 18-21 for two more cycles producing a total of 4 groups of Cp values and 3 groups of Cy
values.

— |23. Note tgnD.

— |24. Turn challenge gas sounce OFF.

6.3]2 Calculations

The initial remoyal-éfficiency (Ej) cannot be described unless the selection of challenjge gas, its
conpentration and-flow are given and these values should be reported together with the valug on page 1
of the test report:

iy
E =Mx100% (1)
; c
U

Use the values produced in 17-22, remove any outliers and produce 7 averages. If the 4 Cp values and 3
Cy values are consistent then reduce them to an average value for Cy and for Cp and calculate E.

EXAMPLE The challenge concentration was set to 500 ppb of toluene at a flow of 1 250 m3/h. The test is
started at tg. The average values for Cy and for Cp are 495 ppb and 25 ppb, respectively.

Thus, E = (495 - 25)/495 x 100 = 94,9 %.

© IS0 2013 - All rights reserved 15


https://standardsiso.com/api/?name=d260629b7d05c3e0b7dea33c4eb3ac9b

1ISO 10121-2:2013(E)

The determination of E] will consume some of the GPACD capacity. This capacity mustbe determined. Due to
the short test duration and the low challenge, the average concentrations may be used without integration:

R ) S B

ml 60
where

Qa is the calculated average value of the air flow measurements;

k isthe temperature ahsolute pressure, and gas dependent constant to transform ppm into r1g/
mji. It is equivalent to the gas density of the challenge gas at the temperature and absolute
pressure at which the test is conducted.

6.3.3 Reporting and graphs
— Note tte value of E1 on page 1 of the test report.

— Plot thle data with upstream and downstream concentrations in the test feport, Clause 8.

6.4 CapIcity determination

The capacity determination test will be made at a higher concentration, typically around 10 ppm|but
definitely helow 100 ppm, or according to the simplified benchmaxk test given in 5.5, Table 2. The goal of
this testis fo determine the capacity of the device. In this testitis recommended to measure downstr¢gam
continuougly with only periodical upstream measurementsto check the stability, e.g for 1 h after eyery
5 h of the test. The most suitable interval will of course depend on the expected total test time, sele¢ted
end point, the concentration difference over the GPACD) trc and tpc. The end point or end efficiendy is
selected by supplier and user. Typical selections are.at 90 %, 50 % or 30 % end removal efficiency.

6.4.1 Procedure (continued from 6.2.1 or.6.3.1)

— 25. The capacity test can be started'directly after either 6.2.1 or 6.3.1. The settings to reach Cy
after thc must be previously determined as in 7.2. The GPACD should already be mounted in the fest
stand, jat the desired air flow and-ih equilibrium.

— 26. Prgpare and start challenge gas source with the settings for Cy.
— 27.Mohitor Ty, Tp, RHy RHp, Ap and Q every 5 min or more frequently.
— 28. Turn source ON:and wait trc. Note the starting time to.

— 29. Mepsure €Epauntil the readings have stabilized or at least for 20 min.

— 30. Swjitch to Cy and start to measure. Note the concentration increase but discard the readjngs
during#ges

— 31. Measure Cy until the level is sufficiently stable or at least for 30 min or 1 h.

— 32. Switch to Cp and start to measure. Note the concentration decrease but discard the readings
during tpc.

— 33.Measure Cp for alonger time period, e.g. 3,5h, 5 h or 11 h depending on the expected total test time.

— 34.Repeat 30-33 for the remainder of the test until the desired end point is reached and is stable for
at least 10 min.

— 35. Note capacity test time tgnp and end removal efficiency Egnp.

— 36.Ifaretentivity test is planned this MUST continue directly after this test.
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— 37a. Continue with the procedure for desorption in 6.5.1 without terminating this test, OR

— 37b. Turn source OFF and terminate the test.

6.4.2 Calculations

From the data acquisition system a raw data table containing date, time, test time, Cy, Cp, Ty, Tp, RHuy,
RHp, Ap and Q should be created. For validation purposes (Clause 7), it is also useful to monitor the
generation equipment, e.g. the signal from a mass flow valve. It is also advantageous to have the above
information, or at least the concentration vs. time ¢, available as a chart on the measurement computer.

Calgulation of efficiency:

From the raw data table removal efficiency, Ec, is calculated according to Formula (1) and plotted against
timp, see Figure 3.

100

Key
X |time,t

Y |efficiency, E [%]
to |starttime

tg |end time

Figure 3 — Example of an efficiency vs. time graph

Calgulation{of capacity:

Caplaciky\(ns) is the mass of contaminant sorbed by the GPACD. The total amount mg will be{ calculated
in ipCrements because the procedure in 6.4.1 uses only one analyser, which makes it ngcessary to
use Al IMterpotated average for the COMCEntration Mot Measured. Note that if two amatysers are used
interpolation will not be necessary. The interpolated values should also be used in place of the discarded
values during periods of trc and tpc. It is also assumed that one of the concentrations (Cy or Cp) and the
flow are measured continuously, e.g. every 3 min. In the equations below time is given in hours and the
example is shown for 1 h upstream measurement after 1 h and then every sixth hour and as illustrated

by Figure 4.
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Figurs
=m

Cy is linear
indicated b

In this way
between ty
the actual
concentratj

ime [h]

concentration [ppb]

[ (interpolated upstream concentration)

[p and Cy (measured with a single analyser)

p 4 — Example of a concentration graph when asing a single analyser for Cy and Cp

5E; T MsD(0<t<1) T Msy(1<t<2) T Msp2< < 5) Ty (5< < 6) T Msp6<t<11)

ly interpolated when Cp is measuredand Cp is linearly interpolated when Cy is measure

y Cku and Ckp, respectively:
1 2

e+ O ((Croy —Cp(QEEWJAE+ D ((Cy(E)~Chp)QE)K) At +
0 1

6 11
[ ((Cru ~CoENQUETR)AL+ Y ((Cy ()~ Cp)QEIK) AL+ ((Cry ~Cp(t)QEIK) At
5 6

vo three point running averages of the data sets. Despite the perhaps daunting equati
iwork on.the computer is to copy and paste the average values in the empty sections of ¢
jion column. If two analysers are available then only one integration is needed.

(3)

1 as

(4)

the total capacity is calculated. To achieve a correct linear interpolation, this should be done

bNS,
ach

6.4.3 Re

nh

atbing and oo <
SAvS Y Lllls ailua sl ﬂ}llla

The capacity measurements are presented as follows.

The initial value of E¢ [%] is calculated as the intersection of vertical efficiency axis by extrapolation

of alinear fit of efficiency vs. time from the values between 2 min and 12 min of the E¢ vs. time graph
generated in 6.4.2. and noted on page 1 in the test report.

available are noted on page 1 in the test report.

18

Ec vs. mg [g], in the test report, Clause 8.

Ec vs. time (h), in the test report, Clause 8.

Specific values for mg corresponding to efficiency at 95 %, 90 %, 70 %, 50 % and 30 % as far as
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In addition, for verification of the correct test the following graphs are made in the test report, Clause 8:

Cy and Cp vs. time (h);

Ty and Tp vs. time (h) in the range of 21 °C to 25 °C with 0,5 °C graduation or narrower;

RHy and RHp versus time (h) in the range of 45 % to 55 % with 0,5 % graduation or narrower;

air flow rate (Q) and the mass flow valve setting for the challenge compound versus time (h) in

appropriate resolution;

6.5

Thd
of ¢
Des

Ap versus time (h) in appropriate resolution

Retentivity determination

last part of the test is performed directly after the capacity test and is made atZero cof

orption is a typical behaviour of a GPACD designed to remove VOCs. In~the simplified

jcentration

hallenge compound (i.e. source OFF). The purpose of this test is to determine possible dlesorption.

benchmark

setup, the test should continue until the downstream concentration is < 5'% of the original challenge

con
seled

It should be noted that it is entirely possible and of interest to test desorption properties at a

or 1
(Eg

6.5

6.5

Fro
det

centration or for maximum 6 h, whichever occurs first. When test) parameters are
cted, an even lower limit or longer time may be agreed between the-Supplier and user.

\D or tgnp) are agreed between user and supplier.

1 Procedure (continued from 6.4.1)

38. Turn source OFF, note time typ and continue to measure Cp while proceeding with the
influenced by wall adsorption, etc. if the removal efficiency is below 90 %.

39. Measure Cp until the desired end'point is reached.

40. Note desorption test time tgnp and end concentration Cp.

41. Shut down the test completely.

2 Calculations

n the capacity determination the total capacity uptake at the desired challenge conce
ermined. Thetetentivity, my, is determined as:

SEND
m, =gt j (Cp()QMO)K)de
0

pecifically

h end point

reakthrough point much earlier than at total exhaustion.{The test duration and selectedl end point

desorption

test. Note the concentration decrease but discard the readings during tpc since they are significantly

ntration is

(5)

6.5.3 Reporting and graphs

Note the value of my on page 1 in the test report.

Show the Cp vs. time graph in the test report, Clause 8.

- END OF TEST SEQUENCE -

© IS0 2013 - All rights reserved
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7 Validation of test setup

7.1 General

Many components need to be addressed with special care regarding their manufacturing, calibration
and adjustment, to make sure that the test set-up meets the requirements of this part of ISO 10121. As
this part of ISO 10121 is performance based rather than defining specific equipment, it is the duty of the
builder and user of such test equipment to prove the required performance.

The normative Annex A descrlbes tabulated check llsts coverlng the most 1mportant controls to be

routine op
specific is ¢

7.2 Detg

If only ong
determine
each conce

The result

be a certain lag time after a concentration change until the new desireddevel is within +5 % of the ta

value. This
surfaces o
phases can

7.2.1 Pro¢cedure

— 1.Sele
applic3

according to 5.4 or 5.5.

— 2. Prey
— 3. Preg
— 4. Tury
— 5. Tury
— 6. Allg

the time (to).

— 7.Wh¢
— 8. Allo

eration. The especially 1mp0rtant determlnatlon of lag tlmes that are gas and concentra
lescribed in detail below.

rmination of rise time and decay time

b analyser is used, then the lag time for changing concentration in the system must
1. Lag time determination is performed without the device to be tested'but for each ga
ntration and air flow rate.

of the tests in Clause 6 depend on correct concentration measurements. There will alw
depends on the challenge gas, its concentration and the‘teactivity and area of inner \

the test stand. The following procedure ensures that concentration data from transi
be discarded.

Ct the desired air flow rate (i.e. the rated airflow of the device or the air flow for the spe
ition), challenge compound and challenge concentration Cy for the device to be tes

are the test stand and seal it without introducing a GPACD.

the source off (to exhalst) and let the concentration reach zero.
source ON and rec€oerd the time (typ). (VO = valve open).

w the challenge)Concentration to reach Cy at the downstream sampling point and rec

n Cy looks’sufficiently stable, turn source OFF and record tyc (VC = valve closed).

v.concentration at Cp to reach zero within at least < 5 % of Cy and record tgnp.

are and start challenge gas.source and stabilize it to the desired upstream concentratiox.

& for
fion

be
5, at

ays
rget
vall
[ion

rific

ted

|

ord

— 9. Repeat steps 1-8 for the lower concentration Cy selected for the initial efficiency measurement.

7.2.2 Calculations

Values to b

e used in the initial efficiency test:

— Calculate the rise time trg = (to - tvo)-

— Calculate the decay time tpg = (tgnD - tvc)-

Valuesto b

e used in the capacity determination test:

— Calculate the rise time trc = (to - tvo)-

20
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Calculate the decay time tpc = (tgnD - tvc)-

The above data are specific for the selected challenge gas, its concentration and air flow rate used. These
data can be reused at a later test provided that nothing has been changed in the set-up.

trc gives the time until a GPACD is subjected to the correct upstream concentration and the actual

challenge starts, i.e. to.

trc can also be used for the decay time when switching between Cp data and Cy data at high removal
efficiency for which the values during trc should be discarded in the data logging software.

7.2

Key

tvo
to

tvc

£, 3 oo 2 43l el o & £ ok 3 latalsz £ £ Laoll Laiclk 1o 23
TPT &1V eSS tIICTIITCOITCIT CHC CCS TS TaTa 1S5 COTITPTCTCTY 1T CCTT O CTTaTICIT S C S ar S5~ v TITCTT TS TI1T

zero measurements, retentivity tests and for safe introduction of the GPACD in the teSts

tpc gives the time until the values of Cp downstream of the GPACD reflect the adtual g

ortant for
tand.

enetration

through the device and not remaining adsorption from walls and test tubing, for'example after an

upstream measurement or after the challenge gas source is turned off at the'start of a
test. Recorded values should therefore be discarded during tpc in the datalogging softw

tpc for certain gases at low concentrations, e.g. ammonia at 100 ppb;can take several ho

3 Reporting and graphs

The concentration vs. time graph should be included in théend of the test report, Clause|/8
J
Co
c
t
time
concentration

time-neoted at challenge gas valve opening

start'time - the time when Cy (contamination concentration upstream) equals the selected c
concentration for an empty duct

time noted at challenge gas valve closure

retentivity
are.

urs.

hallenge

tEND

time when a test is stopped

tre, tre  rise time for challenge concentration (RC) or initial efficiency concentration (RE)

tpc, tpg  decay time for challenge concentration (DC) or initial efficiency concentration (DE)

Figure 5 — Example of an experimental plot to determine rise time and decay time

© IS0 2013 - All rights reserved

21


https://standardsiso.com/api/?name=d260629b7d05c3e0b7dea33c4eb3ac9b

1ISO 10121-2:2013(E)

8 Evaluation and report

8.1 Testreportintroduction

The test sequence is described in Clause 6. For each part of the test, a subclause “Reporting and graphs”
describes the information that should be included in the test report shown below. The report contains
exemplary information and example graphs. Text to be changed is shown in italics. The graphs show
actual data of a test conducted according to this part of ISO 10121 and can be used as a guideline on how
to present data. The parts of the report referring to the optional initial efficiency test and the optional
retentivity test should be excluded if these parts are not performed.
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8.2 Testreport example

1SO 10121-2:2013(E)

[SO 10121-2 TEST REPORT

Report no. insert applicable info Date received insert applicable info
Date tested insert applicable info Date report insert applicable info
TEST SUPPLIER:

Test organization name of test organization Address |insert applicable info

Phone insert applicable info Web insert applicable info
Operator insert applicable info Supervisor |insert applicalle info
TEST CUSTOMER:

name of customer Address |insert applicable info

Ph¢ne | insert applicable info Web insertyapplicable info
TESTED DEVICE:

Mahufacturer |name of manufacturer Address insert applfcable info
Ph¢ne insert applicable info Web insert applfcable info
Model GPACD Serial no insert applfcable info
Gag type voc Type 4vee cell type

Rated flow 2600 Dimensions [mm] 610 x 610 % 292
[m3/h]

Prgssure drop [100 GPACD mass [g] 5200

[P4]

Adsorbent activated carbon Other identifications black

TESTING CONDITIONS:

Airlflow [m3/h] |2000 Initial eff. conc. [ppb] |460

Fade vel. [m/s] |15 Challenge conc. [ppb] [9100

Tegt gas toluene Temp [°C] 23 RH [%] |50
Analyser name of supplier Model PID type x9

trel[s] 20 tpE [s] 20 |trcs] 40 |tpc[s] |90

© IS0 2013 - All rights reserved
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SUMMARY OF TESTING RESULT:

E1 [%] 84,5 |Initial Ec [%] 88
. o i .
- efficiency 95 % efficiency 90 % |- eff1001ency 303
ms, capacity [g] @ 70 %
efficiency 50 % 435 |efficiency 30 % |558 total 635
my, retentivity [g] 391 Ap [Pa] 112
PRESSURE DROP GRAPH:
F'Ynmp]p of pressure drnp curve, /\p vs. Q see 6.2
Jl'p1 oo

80

] /
40 /

20 -'/

i . . . : . .

0 00 1000 1300 2000 2300 3000 Ja0a
0

INITIAL REMOVAL EFFICIENCY TEST GRAPH:

Example of initial efficiency test, Cvs. t, see 6.3

500
400
200

2 ir*’ ' f"‘“*“w\
; T'.wm.ﬁ‘:]'l'rﬂﬂ I:IE'IEIEI I:ISIEII:I

-100

t [min]

CAPACITY DETERMINATION GRAPHS:

Example of capacity test, E vs. mg, see 6.4

100

g0

g0

40
20

1l 280 a00 Fal
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Example of capacity test, E vs. t, see 6.4

E 100
a0 M\\‘
” N\\‘
40 BTV
2|:| MA; -W
I:I T T T
1] 5 10 di] 20
t{h}
RE[FTENTIVITY DETERMINATION GRAPH:
Example of retentivity test, Cvs. t, see.6.5
C g
B
7
B
5
4
a
2
1 _;‘
I:I T T T T T T
o i 15 20 25 a0 a5 40
t ]
TEST VERIFICATION GRAPHS:
Example verification of measured concentration
- 10
~ 9
g M
7 v
B e T —
i —CD
4 e
3 =
2 "
1
D T T T
0 ] 10 15 t[h] 20
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Example verification of temperature accuracy and oscillation

24 00 ——TU
23,00 T P T ——— L
T o e T e = = = > > S g
o Tail B g son T gns B b
2200 1
1] ] 10 15 20
t [h]
Example verification of relative humidity accuracy and oscillation
FH —+=\FHU
51,00 ——RHD
S0 o0 NWMWWM
48,00
0 5 10 15 t [h] 20
Example verification of air flow rate andimfv setting
ol gas_mfy
2700 7,300
2RA( _&W.WWF-“?—.WW%—" 7275
2600 MWHJ[’F—&‘WWM ?'ESD
2550 || || 7225
2500 . . . 7,200
an 50 10,0 15,0 t{h] 200
Ekample graph for determination of rise and decay time for the initial efficiency test
C [ppo]
300
300 -T%Wﬂﬁ?!ﬁ
5 | | |
il —

0 5 10 15 20
t [tmin]
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Example graph for determination of rise and decay time for the capacity determination test

C [ppm
10
LT
4
3____%, J ]L,r ]
1% 20 25 20 25 &0

tfrain]

All
env
wol

Safety features

lvork utilizing hazardous chemicals at elevated concentrations poses a severe risk to perjsonnel and

k area that includes but is not limited to the following.

Proper training of personnel must be ensured.

All chemicals should be handled according to local regulations for handling storage and
Technical data sheets and MSDS for chemicals useédmust be available at the point of use

All chemicals used should be checked for toxigity, fire and explosion hazard in technical
and MSDS documentation.

All pressure vessels should be handled.ahd stored with correct procedures.

Containers with a substantial amoeunt of challenge compound, e.g pressure vessels or fla
should be stored and used according to local safety regulations and most commonly in
enclosures so that the content of a ruptured vessel is not allowed to enter the work area

The complete test stand and all tubing and duct work should be tested for leakage.

Safety monitors (sénsors) should be installed in the work positions where challenge com
enter the work drea.

Before conducting challenge test with severely toxic compounds like hydrogen sulph
phosphinel PCBs and dioxines, the value of the test data should be weighed against
One shouild also consider using other compounds with similar adsorptive behaviour f
determination and perhaps limit the use of the toxic compounds to low concentratior
measurements.

ironment. It is an absolute requirement that the test supplier conSiders and acts to prgvide a safe

transport.

lata sheets

sks of VOC,
ventilated

pound may

de, arsine,
the risks.
DI capacity
efficiency

[t must also be realized that all challenge gas penetrating the GPACD will be present in the exhaust
air. Depending on the toxicity of a compound and its concentration and local regulations, proper

actions should be taken.

The above list is intended to put focus on problems that may appear during testing. However, this part of
[SO 10121 does not purport to address all of the safety concerns, if any, associated with its use. It is the
responsibility of the user of this part of ISO 10121 to establish appropriate safety and health practices

and

determine the applicability of regulatory limitations prior to use.

© IS0 2013 - All rights reserved

27


https://standardsiso.com/api/?name=d260629b7d05c3e0b7dea33c4eb3ac9b

1ISO 10121-2:2013(E)

Annex A
(normative)

Test equipment requirements, equipment validation and

routine operation

The follow|
their man
requireme
defining sp
required p

Table A.1, {§
of the instn

by controlled and traceable calibration.

Table A.2,

properties
to meet th
appropriat

Table A.3,
regularly 3
produce re

The numbyg

ng tables contain the components, which need to be addressed with special care regard
ifacturing, calibration and adjustment, to make sure that the test set-up mekets
hts of this part of ISO 10121. As this part of ISO 10121 is performance based rather t
ecific equipment, it is the duty of the builder and user of such test equipmentto-prove
erformance.

Incertainty of measurements of sensors, contains information regarding the'required accuf
umentation used to determine the general process parameters. The criteria are typically

Validation, contains system properties defined mainly by the design of the test bench. TH
have to be checked once to show that the concept, the design and the construction ar
b basic performance requirements. These criteria are typically verified by determining
e characteristics.

Routine operation, lists tests, adjustments and calibrations, which have to be perfor
nd controlled, to prove and maintain the periManent capability of the test equipme
liable and reproducible measurements.

rs in the first column refer to the related elause in this part of ISO 10121.

Table A.1 — Uncertainty of measurements of sensors

ing
the
han
the

acy
Inet

ese
b fit
the

ed
to

Clause

Device Requirement Comment

6.7

Measuring uncertainty airflow: £2% Relative to actual readin

oq

6.7

Measuring uncertainty pressure drop +2% Relative to actual readin

T

b

6.7

Measuring uncertainty.temperature +0,5°C Relative to actual readin

]

=]

Petermining uncertainty in gas sensor/analyser used +1,5% Relative to actual readin

]

=]

6.7

Measuring uneertainty relative humidity 1% Relative to actual readin

1=}

=]

6.7

Measuring-uricertainty ambient pressure + 3 mbar |Relative to actual readin

1=}

=]

The order

t

which'the tests in the following table are performed is relevant. The test sequence as shown
in the checkdist'may be used as a guideline.

Table A.2 — Validation

Clause Parameter or test item Requirement Comment
5 Test bench conductive and grounded Check electrical potential
5.7 |Temperature control 23°C+0.5°C Check with calibrated ther-
mometer
5.7 |Humidity control (relative) 50 % + 3 % RH Check with calibrated humidity
sensor
7 Leakage of duct and test chamber <100 1/min at Check according to accepted
500 Pa state of the art methods
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Clause Parameter or test item Requirement Comment
7 Cleanliness of test air, background contami- [< 2,5 % of challenge Check empty duct without gas
nation concentration challenge

7 Cleanliness of test air, particles Particle cleanliness Check empty duct without gas
>F7 + H12 challenge
5.7  |Airflow sensor, to be achieved in the test + 2 % measuring * 2 % repeatability
bench uncertainty
5.z Airflow control Typir‘:\] range: Thetestbench hasto be
1000 m3/h - validated at a mininjum of
4000 m3/h 1000 m3/h. This airflow has to
be kept within a'toldrance of
3 % for atleast 3 h.
6 Range of pressure drop, maximum 1000- |Range atleast 10 % > |Recomimeéndation: ufe more
4000 Pa maximum Ap than orle sensor to cpver the
fallrange.
Pressure drop sensor - uncertainty +2% Of full range value
Pressure drop sensor - repeatability +2%
Sample fixture: allow sample to be sealed
without leaks
Gas sampling upstream: centre of sample  |determineX determined accordipg to .....
face area, close to sample
Gas sampling downstream: centre of sam- |determine Y determined accordifg to .....
ple face area, allow sufficient distance to
sample
Sampling tubes: materials and properties No out-gassing, cherhically
resistant materials
Challenge gas injection - concentration +5 % of set point, check using 90 ppm(v) acid,
stable over 1 h base and VOC gas
Challenge gas injection -shomogeneous +5 % over complete Scan at least nine sampling
distribution test chamber cross sec- |locations (Divide cr¢ss section
tion at 90 ppm(v) con- |into nine equal squajres and
centration of butane locate probe at the centre of
each square) accord|ng to ISO/
TS 21220 or ISO/TS[11155-
1:2001, 4.2.1
Challenge-gas stability has to be checked See above
for,every Mass Flow Controller used for gas
dosage
Gas detectors - calibration Calibration gas with a
purity of 2 99,5 %
Gas detectors - sampling flow +5 % of set value Use high precision flow meters
Gas detectors - cross sensitivity Check for potential Operator manual (Special care
cross sensitivities required with FIDs and Infra-
red Spectrometers
Calibration gas; accuracy, shelflife and dilu- |agree with certificate |check supplier certificate and
tion recommendation
6 Determine the equipment response/delay |N/A Time between gas injection
time (different for different agents, test set- and full detector signal see 6.2
ups and detectors) for a detailed description
5 Documentation of performance profile All results achieved during

validation shall be documented

© IS0 2013 - All rights reserved
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Table A.3 — Routine operation

bnents

Clause Item Requirement Frequency Comment
6 Compare up- and downstream Ratio Cp/Cy daily No GPACD should be
sampling between 0,95 und mounted in duct
1,05
5 Pressure drop of empty duct Each test
7 Background concentration <1 % of cumulative |daily For each analyser used
concentration of
challenging agent
5 Chlibration of detectors and Each test
ahalysers
6 Spatial homogeneity of concentra- |+ 5 % After each
tion of agents modification of
test bench
6 Stability of agent concentration [+5% After change,
service or repair
of mass flow
controllers
5 Monitor Cy, Cp, Ty, Tp, RHy, RHp, |Accuracy in agree- |Before each test
Ap and Q every min during 5 data |ment with 5.3,
ppints recorded for empty test Table 1
stand
6 Lpak test of duct work <100 1/min at Anhnually
500 Pa
6 Chlibration of airflow measure- |[+3 % Quarterly
njent
6 Chlibration of pressure drop sen- [+ 2 % Quarterly
s¢rs
6 Chlibration of temperature and + 1% Quarterly
hpimidity sensors
Repeatability £5% Annually
Cleaning of test bench and cem- As needed
P
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