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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

Charge conditioning of aerosol particles is the crucial process of establishing a known, size-dependent charge
distribution on aerosol particles. Different designs for charge conditioners exist. In charge conditioners,
aerosol particles are exposed to a cloud of ions of either both positive and negative polarities (bipolar charge
conditioners) or a single polarity (unipolar charge conditioners).

The transport of the ions to the aerosol particles can either be driven by Brownian motion of the ions
(diffusion charging) or by an electrical field (field charging). Since field charging is strongly biased by a
particle’s electrical properties (namely the relative permittivity), diffusion charging is generally used to
condition aerosol particles:

— for partj

— for part

Several pa
mathemati
Examples
the particl
standard

The electri
characterij
DEMC). Fo
elementary
requireme
with the D

The purpo
and for ade
measurem

Other typi

condit

the ve
disintg

diffusi
systen
heavy
(PTD)

chargi
electrq
where

particle charge reduction duringthe droplet evaporation in an electrospray aerosol gener:

pn chargers (DCYih particle number devices (PND) that are typically used as robug

cle size classification with the differential electrical mobility classifier (DEMC).

ameters determine whether or not charge conditioning achieves its goal pf@ither g¢
cally describable bipolar steady-state charge distribution or a quantifiabléinipolar m
or such parameters are the ion concentration, the particle concentration, the reside
s in the ion cloud, the ion mass distribution or the ion mobility distyibution. However,
ethodology to specify the performance of charge conditioners.

cal mobility of aerosol particles is a physical particle property-which is widely used

ration (e.g. size distribution measurement with DMAS) and for particle classificati
r a given particle size, the particles’ electrical mobility iS proportional to the net
 charges on the particle. Therefore, the knowledge ofparticle charge distribution is 3
ht for particle size distribution measurements with‘the DMAS and for particle size cl{
EMC.

be of this document is to provide a methodology'to specify the performance of charge c
quate quality control when charge conditioners are used in particle size and number cor
bnt or in particle size classification.

fal uses of charge conditioners whighyare not covered in this document are:

oning of test aerosols for filter-testing where particle charge has an influence on the tg

'y high unipolar charge\of the sprayed solution or dispersion droplets can lead to the
gration of the dropléets/due to exceeding the Rayleigh limit during droplet evaporation

1s to measure)particle number concertation in the exhaust emission of passenger car
duty cars under real driving emissions (RDE) as well as under periodical technical i
n Europe.)The charging process in such a device is provided by a diffusion charge
hg the aerosol in a positive unipolar diffusion state. Typically, a thin wire is used as a

they are mixed with the particles. Afterwards, the charged aerosols will be counted in
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de“to'generate positive ions. The ions are injected through a grounded grid into bui[fer volume

two stage

procedure by an pulsed precipitator and in an Faraday cup aerosol electrometer (FCAE);[3Z38]

large-scale ionizers combined with electrostatic precipitators (ESP) for cleaning flue gases of waste

incinerators or power plants fired with solid fuels. In the ESP, a corona discharge generates ions which
charge the flue gas particles (usually fly ash) by diffusion and field charging (depending on the particle
size). Subsequently, the particles are deflected by electrophoresis in the ESP’s electrostatic field and
deposited on grounded collection electrodes. Industrial ESP are usually several tens of meters high and
consist of a multi-stage configuration to optimize the overall collection and gas cleaning efficiency.
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Charge conditioning of aerosol particles for particle
characterization and the generation of calibration and test
aerosols

1 Scope
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hent specifies requirements and provides guidance for the use of charge conditioners
specially for particle characterization and for the generation of calibration and testlae

hent provides a methodology to specify the performance of charge conditionérs-and fq
trol, with respect to their application in:

size and concentration measurement with differential mobility analysing systems (D)
cize classification with differential electrical mobility classifiers (DEMC).

pplications, this document covers particle charge conditiofing for particle sizes ra
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This docuinent does not address specific charge conditioner designs or other applications bes
specified in Clause 1.
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cafety for charge conditioners with radioaetive sources or x-ray tubes is not covel
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hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced-deecument (including any amendments) applies.
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references,

ISO 15900] Determination of particle size distribution — Differential electrical mobility analysis |for aerosol
particles

[SO 27891,|Aerosol particlenumber concentration — Calibration of condensation particle counters

3 Terms anddefinitions

For the pyrposes of this document, the terms and definitions given in ISO 15900, ISO 27891 and the
following apply.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

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

IEC Electropedia: available at https://www.electropedia.org/
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3.1

charging probability

fp(d)

ratio of the number concentration of particles exiting a charge conditioner with p charges to that of particles
exiting the charge conditioner at all charge states, at particle size d

Note 1 to entry: p charges are 0, +1, 2, etc.

Note 2 to entry: The charging probability with respect to the number concentration entering (instead of exiting) the
charge conditioner is called "extrinsic charging probability".

3.2

charge distribution function
either mathematical or empirical, or both, description of a conditioned distribution of particle sizeldependent
charging probability (3.1)

3.3
electrostatic precipitator
ESP
device for removing charged particles from an airflow by electrophoresis to generate an uncharged aerosol

Note 1 to enftry: More information on ESPs is given in Annex C.

3.4
ion mobility distribution
number density distribution with respect to the electrical mobilitj<of the ionic molecular clustdrs that are
responsible for the charging of aerosol particles in a charge conditioner

4 Symbols and abbreviated terms

For the pugpose of this document, the following symbols and abbreviated terms apply.

CP( condensation particle countet
DEMC differential electrical mobility classifier
DMAS differential mobilityianalysing system
ESH electrostatic precipitator
d particle diameter m
fp () charging probability dimengionless
N number concentration of aerosol particles m3
N number concentration of ions m3
p number of net elementary charges on a particle dimensionless
t residence time of an ion in charge conditioner S

5 General principle

5.1 General

The function of the charge conditioner in this document is to establish a known size-dependent, steady-
state charge distribution on the sampled aerosol prior to the size classification process in electrical mobility
classifiers like the DEMC. The charge distribution on the particles can either be bipolar or unipolar.

© IS0 2024 - All rights reserved
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All charge conditioners can be regarded as ionization sources because they generate ions of either one polarity
or both polarities in the carrier gas. These ions interact with the particles to generate a charge distribution.
The characteristics of ionization sources frequently used for charge conditioning are outlined in 5.2.

Since charge conditioners are used to achieve steady state charge distribution in the aerosol sample flow,
the charge conditioner shall, by design or by measurement, perform correctly and not produce artefact

particles.

In its simplest form, a charge conditioner, such as that used in a DMAS, consists of an aerosol inlet, aerosol
outlet, ionizing source, charging zone and enclosure.

5.2

Ionization sources

5.2.1 Ge|

There are 1

neral

hree common types of ionization sources for charge conditioning.
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— Soft X-r4
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irces with radioisotopes

teneral

pe charge conditioners generally contain a sealed radioactive source. This device acts §
harge conditioner. It produces both negative and positive ions in the carrier gas. Th
50 called, primary ions like N,* and O, and free electrons in the carrier gas. These ion
e of them attach themselves to neutral molecules, which then coagulate into relatively

iffusion (Brownian movement) leads to collisions between these ions and the aeros

charge transfer to the particles:

a or beta radiation can betapplied for air ionization. Alpha radiation with its very

hsfer is able to produceigh ion concentrations in a small charging volume. This is an

adiation, where the ¢harging volume must be bigger. As a result, the particle residend
charge conditionef-with beta radiation is typically longer, which is a disadvantage wj

to diffusion losses. On the ather hand, alpha radiation sources can easily be shielded, e.g. by a ver

of dust. Sul
sources.

Figure 1 sh

rface contamjination can reduce the resulting ion concentration in charge conditioners

ows a-schiématic example of the design of a radioisotope charge conditioner.
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5
4
1 = =) 2
3
Key
1 aerosolinlet 4  charging zone
2 aerosol outlet 5 enclosure
3  radioisotope source
Figure 1 — Schematic example of a radioisotope charge conditioner
The most gommonly used radioactive isotopes are:
— Krypton 85 (8°Kr).
— Americipm 241 (241Am).
— Polonium 210 (210Po).
— Nickel 683 (63Ni).
Their proprties are explained in 5.2.2.2 to 5.2.2.5.
NOTE Jealed radioactive sources are classified based on 1S0~2919,[Z1] which provides tests and a classification
system, e.g.[for ranges of temperature, pressure, puncture, impact and vibration.
5.2.2.2 Krypton 85 (85Kr)
85Kr is a beta emitter (with 0,43 % gamma radiation probability of 514 keV) with a half-life of 10,78 years.
The maximpum beta energy is 687 keV. Krypton is a noble gas, substantially reducing the health risk in case
of leakage|or damage to the source. In nearly all sources, the 85Kr gas is contained in a smalll-diameter,
sealed, stalinless steel tube. This tube.is contained inside a larger-diameter stainless steel or pluminium
housing. Ag¢rosol passes axially throligh the housing that contains the 85Kr tube. Part of the beta fadiation is
absorbed in the steel or aluminium-that makes up the tube and the housing, thus producing Bremlsstrahlung
that also cgntributes to ion preduction. It is recommended to use lead shielding if possible.
5.2.2.3 Americium 244 (2*1Am)
241 Am is arLalpha emitter (with negligible additional beta and gamma radiation) with a half-life of 433 years.
Sealed soujrces of-this metal are available as strips covered with a very thin gold, palladium, ¢r gold and
palladium plloy film. The alpha energy is 5,5 MeV.
5.2.2.4 Polonium 210 (21%Po)

210pg is an alpha emitter with a half-life of 138 days. Due to their short half-life, 219Po sources should be
replaced annually or more often. The metalloid 210Po is available in the form of gold-coated, typically

embedded

in a protective housing. Its alpha energy is in the range between 4 MeV and 5,3 MeV.

5.2.2.5 Nickel 63 (63Ni)

63Ni is a beta emitter (100 %) with a half-life of 100,1 years. Its beta energy is 67 keV; the decay product is
stable ©3Cu. 63Ni foils are also used, as ionisation source in GC-MS for example. Unsealed as well as sealed
(inactive Ni overplating) foils, with up to 100 MBq, are commercially available.

NOTE

100 MBq is the free limit in the EU.

© IS0 2024 - All rights reserved
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5.2.2.6 Licensing and precautions for radioisotope sources

The use, transportation and disposal of radioisotopes is regulated by government authorities. Basic
international standards and guidelines are, for example, set by commissions of the United Nations, such as
[AEA, ICRP, ADR, etc. The licensing, shipping and disposal regulations that govern radioactive sources vary
from nation to nation.

5.2.3 Soft X-ray sources

5.2.3.1 General

Soft X-ray sources emit X-rays in the energy range below 10 keV. Soft X-rays are a very efficient source

for charge
of all mole
conditione
with X-ray
window (e
and radiati
the aeroso
and off.

Figure 2 sh
the aerosol

Key
aeroso
aeroso

x-ray b

BwWw N R
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LUlldit;Ullills bcpauac thl:_y havc CIICT S;CO that dal'tT lllu\.h h15h61 ‘Chau thC iUlliLat;Ul
cules, thus creating an abundance of active ions. This device acts as a bipolar djffuy
[, comparable to sources with radioisotopes. A stainless steel or aluminium housing’ig
5 from a source. The aerosol flows through the housing from an inlet to an exit port. |
g. beryllium) protects the X-ray source from particle impact and also attenuates the 1
on energy to adjust the ion concentration. X-ray blockers can prevent X-rays’from exiti
ports. While radioisotope sources emit radiation continuously, X-ray 'Seurces can be

ows a schematic example of the design of a soft X-ray charge canditioner. While in th
flow is directed towards the attenuation window, other designs exist where the flow i
4 7
6 & \
= - o NE
3 -
2
inlet 5  x-ray source
outlet 6  charging zone
ocker.(optional) 7  enclosure

tion\window

threshold
ion charge
irradiated
A radiation
adiant flux
hg through
turned on

s example,
s reversed.

\

Figure 2 — Schematic example for a soft X-ray charge conditioner

5.2.3.2 Licensing and precautions for soft X-ray sources

The use of soft X-ray sources can be regulated by international, national or local government authorities, or
all. Regulations can vary from nation to nation.

Users shall

conform to manufacturers’ instructions.

© IS0 2024 - All rights reserved
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5.2.4 Corona discharge

Corona discharge can function as a source for both negative and positive ions in the carrier gas. Either a
single corona electrode operated with DC-high voltage (for ions of one polarity) or with AC-high voltage (for

two ion pol

NOTE If an aerosol electrometer is used as a particle detector immediately downstream of the charge conditioner
(without the DEMC), an ion trap is possibly necessary as an additional element to eliminate any remaining free ions
from the charge-conditioned aerosol. Otherwise an aerosol electrometer will measure these free ions as an additional

arities), or two separate corona electrodes (one for each ion polarity) can be used.

current.
Figures 3 and 4 show schematic examples of the design of corona discharge charge conditioners.
2 3 4 9
/ <
»
/ 5 ¥
- K / >
7 -l- -l- 6
Key
1 aerosolinlet 6  high voltage
2 charging zone 7  mesh electrode voltage
3 mesh electrode 8 _w\aerosol outlet
4 corona|wire 9~ enclosure
5 ion gerleration zone
Figure 3 — Schematic example for a mesh corona discharge charge conditioner
7
4 3
: T 5
6

Key
1 aerosolinlet 5  high voltage
2 turbulent charging zone 6  aerosol outlet
3 sheathairinlet 7  enclosure
4 corona needle

Figure 4 — Schematic example for a counter-flow corona discharge charge conditioner
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5.3 Charge conditioning

5.3.1 General

In order to calculate the particle size distribution from the measured electrical mobility distribution, a
known particle size-dependent distribution of electrical charges shall be generated on the aerosol particles,
described by the charge distribution function, f,(d). Charge conditioners upstream of a DEMC are used for
this purpose.

In a gaseous medium containing aerosol particles and a sufficient concentration of unipolar ions or ions
of both polarities, a charge distribution will develop on the particles. As the dominant driving forces are
the random thermal diffusion of the ions and the collision between ions and aerosol particles, the terms

bipolar or
advantage
material.ll
charging.

In some ch
and sheath|

The partic
of either p
aerosol pat

The Nyt pr
of the isotg
rate and ¢
Similarly,

] Subclauses 5.3.2 and 5.3.3 describe the characteristics of bipolar and unipola

arge conditioner designs, the ion transport is deliberately influenced by AG-or DC-elg

lnipn]nr diffusion r‘hqrging are Frpqnpnﬂy used for these types of r‘hnrgp conditionin
of diffusion charging over other methods is that it depends only weakly upon aefos

air flows.

e charging efficiency depends mainly on the so called Nyt product;which is the coy
psitive or negative ions, N, multiplied by their residence time, ¢ which is the interact
ticles with the ions.

bduct reached in a radioactive charge conditioner dependsen the type and energy of th
pe, on the activity and geometry of the sealed source, on the geometry of the housing,
ncentration of the aerosol through the housing andalso on the composition of the (
he N;-t product reached in a soft X-ray charge conditioner depends on the X-ray ener

. The main
ol particle

r diffusion

ctric fields

icentration
ion time of

e radiation

bn the flow

arrier gas.
gy and the

radiant flulx, the radiation field geometry, the flow rate and concentration of the aerosol flow through the
housing and on the composition of the carrier gas (see Clause 6).
Table 1 gives an overview on charge conditioners. There is a list of literature provided at thefend of the
document.
Table 1 — Overview on charge conditioners and selected references
Category Type Reference
Radioactive charge conditioner (RC)? [1], [Z], [4D], [50]
Bipolar ch3rge condition- Soft-X-ray charge conditioner (SXRC) [1], [31], [32],][49] - [53]
ers Bipolar corona ionizer (BCI) [54] - |59]
Surface-discharge microplasma aerosol charger (SMAC)?2 [3], [60] t+ [64]
Unipolar fharge condis~| Positive unipolar corona discharge (PCD) charge conditioner | [5], [12], [49]| [50], [65]
tipners Negative unipolar corona discharge (NCD) charge conditioner - [61]
a  Canalsdbe applied for unipolar charge conditioning.

5.3.2 Bi

olar charge comditioners

Bipolar charge conditioners (also traditionally called aerosol neutralizers) produce ions of both polarities
(i.e. positive and negative ions). Neutral particles can acquire charge while highly charged particles can
discharge themselves by capturing ions of the opposite polarity. Bipolar charge conditioners differ by the
way the ions are generated.

— Radioactive bipolar diffusion charge conditioners generate ions in the carrier gas by a- or f-radiation

from a

radioactive isotope.

— X-ray bipolar diffusion charge conditioners use soft-X-rays (< 10 keV) for ion generation in the carrier gas.

© IS0 2024 - All rights reserved
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In these two charge conditioner types, the ions are produced directly in the carrier gas and diffuse to the
aerosol particles by Brownian motion.

— Bipolar coronaionizers (BCI) use an arrangement of two DC-corona ionizer stages (one for each polarity).
lons of opposite charge are produced in separate sections and are subsequently mixed with the aerosol.
In another variant, bipolar ions are produced by AC-corona discharging.

5.3.3 Unipolar charge conditioners

Besides the widely used bipolar steady-state charge distribution, unipolar charge conditioning can also be
used to achieve a defined charge distribution. In a unipolar charge conditioner, ions of either positive or
negative polarity are produced (e.g., by a corona discharge process or separation of one ion polarity in an

electric fie
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small part
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Among
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d). Like in bipolar charging, diffusion charging is advantageous because variations ca

sed by the

n of the particles can be neglected for diffusion charging.

harging can achieve higher charging probabilities than bipolar charging. Thisds‘an a
cles (d < 20 nm) are to be measured. Due to the higher charging probabilitymore p:
y the DEMC. This leads to better counting statistics in a DMAS. On the otherhand, larg
h) carry significantly more multiple charges compared to bipolar charge conditioning.
version more complex and reduces the size resolution of large particles. A variety

ditioners for aerosol particles have been described and built; seefor example, Refer
47] and [48].

charge is produced by a strong nonuniform electrostatic field, such as that between a
oncentric thin wire and a tube. The electric field and space charge effects result in r
arity opposite to that of the wire which can lead to positively or negatively charge
wo designs for corona discharge charge conditioners;

ve corona discharge charge conditioner.

scharge electrode is held at high negative @otential. The free electrons are repelle
de and can attach to air molecules to form negative ions. Ozone is generated as a
makes this design not favourable for aérosol charging.

e corona discharge charge condijtioner.

itive corona discharge charge-conditioners, the discharge electrode (wire or tip)
psitive potential. In this ¢ase the free electrons from the corona discharge are attra
de and do not need to be absorbed. Most commercially available charge conditioners y
le to the fact that the(pnocess is stable by controlling the corona current and the emissi
avoided.

F the group of‘positive corona charge conditioners are indirect corona charge condit
ent jet chargé.conditioners. Indirect corona charge conditioners shield the particle chd
he corond discharging zone in order to reduce particle losses. A grounded electrode in
in be dpplied as a trap for excess ions. Turbulent jet charge conditioners completely s¢
nerdtion from the particle charging zone. This leaves the charging zone free of elect]
duces particle losses to a minimum. lons are transported into the particle charging

lvantage if
irticles are
br particles
[his makes
bf unipolar
ences [44],

needle and
epulsion of
l particles.

d from the
by-product

is held at
cted to the
se positive
bn of ozone

ioners and
rging zone
the aerosol
bparate the
rical fields
zone by an

additional flow, which dilutes the aerosol flow at the exit.

NOTE

for measurement purposes here because of their increased particle material dependence.

Corona charge conditioners that apply field charging, in contrast to diffusion charging, are not considered

Other charge conditioning processes such as static electrification, photoionization, thermionic emission,
self-charging of radioactive particles and agglomeration are not considered because of their very restricted
controllability and usability to charge conditioning in measuring devices. However, some of these processes
should be taken into account as disturbances.
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5.4 The charge distribution function

5.4.1 General

The particle size-dependent charge distribution function, f,(d), shall be known in order to calculate the size
distribution of airborne particles classified in a DEMC. A charge conditioner is used at the entrance of a
DEMC to achieve a conditioned charge distribution which is independent of the initial charge state of the
aerosol particles. The conditioned charge distribution is, at least for typical aerosol residence times in a
DEMC, in a steady state or stable.

i

5.4.2 ChLarge distribution function for radioactive bipolar charge conditioners

(d) may then be given by a set of equations or tabulated data, approximating the size-dependent charge
stribution by either theoretical models or empirical data, or both.

For commg

rcially available radioactive bipolar charge conditioners, the charge distribution fung

tion under

standard conditions (spherical particles in air: 293,15 K, 101,3 kPa) is given by Formulae (A.10)[and (A.11)
which are [derived from an approximation to the theoretical models (see Reference [17] in combination
with the result from Reference [18]). Table 2 shows some numerical results. Unless explicitly specified
differently|in the measurement report, Formulae (A.10) and (A.11) or values in(Table 2 shall be used for the
determination of f,(d) for radioactive bipolar charge conditioners.
Table 2 shpws the bipolar charge distribution fp(d) for spherical particles in air (293,15 K, 101,3 kPa),
produced by radioactive charge conditioners (see Formulae (A.10) and{A.11)).
Table 2 — Bipolar charge distribution f,(d) produced by radioactive charge conditiopers
d Charge distribution
(nm) -6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 + +6
1 0 0 0 0 0 0,004.810,999 3(0,004 5 0 0 0 0f 0
2 0 0 0 0 0 0,0083(0,974 2(0,007 5 0 0 0 0f 0
5 0 0 0 0 0 0,0225(0,969 30,0189 0 0 0 0 0
10 0 0 0 0 0 0,0514(0,9124|0,0411 0 0 0 0 0
20 0 0 0 0 0,0002{0,1096|0,793 10,084 60,000 1 0 0 0 0
50 0 0 0 0 0,011 4{0,2229|0,5814|0,169 6|0,006 6 0 0 0f 0
100 0 0 0,0001(0,0037(0,0561|0,2793|0,4259|0,2138(0,0317{0,0017 0 0f 0
200 0 0,0005(0,005316,0340(0,1211|0,2641|0,2991|0,2043|0,0719(0,015 30,001 8(0,000 1 0
500 |0,p067|0,0207(0,0504|0,0980(0,1490|0,181 60,181 8{0,140 3|0,0891|0,0440(0,017 3|0,0054|0,001 4
1000 |0,0357(0,058410,0854|0,1113|0,1261|0,1385/|0,1235{0,1039|0,0754|0,0500{0,029 3|0,01j54(0,007 2

5.4.3 Chprge distribution functions for other bipolar and unipolar charge conditioners

Calculatior
conditione
routines for the analysis of measured data.

s-of the respective charge distribution functions for non-radioactive bipolar and unip

sare rnmplir‘nfpr‘] and rnr}nirn careful pvpprimnnfnl verification before usage in dat

blar charge
inversion

The theoretical concepts described in Annex A can be helpful for the experienced user to calculate a charge
distribution function for a given bipolar charge conditioner. Annex A also shows an example of the charge
distribution function for a charge conditioner based on an X-ray ionization source.

The charging of particles in unipolar charge conditioners depends on individual designs and operating
parameters. Therefore, no general approximation for the charge distribution function can be given for the
variety of unipolar charge conditioners.
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rs influencing the resulting charge distribution

6.1 General

The purpose of operating a charge conditioner, as described in this document, is to achieve either:

—a steady

state;

— equilibrium charge distribution (bipolar charge conditioners);

—a well characterized and repeatable charge distribution (unipolar charge conditioners).

If charge conditioning is done for particle measurement purposes (e.g. for measurements with the DMAS),

any chan
result of t

All charge
particle siz
on ion cong
Situational
performan|
and descri
artefacts.

Consideri
charge co

In bipd
and th

5

gésin

f The aerosol properties durmg the cliarglng process must be negllglble With T€es
e measurement.

conditioners described have individual permissible upper particle concentration
e dependent charging efficiencies. Their respective charge distribution fuictions, f,
entrations, ion mass and ion mobility, as well as on residence time and cemncentration d
factors such as carrier gas composition, purity, humidity and temperature can also in

pect to the

limits and
d), depend
f particles.
fluence the

ce. Charge conditioner manufacturers should provide the respective\charge distributi¢n function

be the conditions under which the device performs in a predictable way and does n

the influence of operating conditions, there is a major difference between bipolar ay
itioners.

lar charge conditioners, the resulting charge distribution depends on the ion mass d
e ion mobility distribution. Since the necessary time’to reach steady state conditions is

compalred to the residence time of the particles in the charging zone, the steady state charge d

will bg

reached and remain unchanged as long as;the particle concentration, in combinatid

particle size distribution, does not exceed the-déesign-based (N-t-product based) limit of

condit

Inunip
on the
profilg
be ma
chargsd

Clause 6 ¢
charge cor
changes in
conditions

oner.

olar charge conditioners, the achjeveéd mean charge per particle and the charge distribuf]
Nyt product. Therefore, besides-the ion properties (mass and mobility), the ion coy
within the charging region as well as the aerosol flow rate through the charge condit
ntained within narrow tolerances to guarantee reproducible operation achieving th
distribution.

vers the influencelof-aerosol particle and carrier gas characteristics as well as the i

ot produce

1d unipolar

istribution
very small
istribution
n with the
the charge

ion depend
Icentration
ioner must
e expected

hfluence of

ditioner operating*parameters (and others) on the resulting charge distribution and eventual

aerosol properties. Sub-clauses 6.2 to 6.5 cover topics under the assumption thg
do not change.

6.2 Aergsol particle characteristics influencing the charge distribution

6.2.1 Pa

grol o

[« 9

t all other

IZO- I
CIVICU JI1ILCU dll

The mean number of elementary charges per particle increases and the charge distribution widens with

increasing

particle size.

Figure 5 shows a comparison of the steady state, equilibrium charge distribution for spherical particles
with a diameter of 10 nm, 100 nm and 200 nm, calculated with the approximation for radioactive ionization
sources in a bipolar diffusion charge conditioner as described in Reference [17], see A.4.
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Key

p nunjber of net elementary charges on a particle 1 d=10nm

fp(d)  charging probability

Figure § — Bipolar charge distribution for spherical particles with a diameter of 10 nm

Similar behaviour is found for unipolar diffusion chargeé conditioners. Figure 6 shows a compar
unipolar charge distribution for spherical particles with a diameter of 10 nm, 100 nm and 2(
mixing tyge charge conditioner, calculated with the approximation for a unipolar charge condit
is, ion jet and turbulent mixing) described in Reference [12].

2 d=100nm
3 d=200nm

and 200 nm

100 nm

ison of the
0 nm, in a
ioner (that
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Jo(d)
1,0

0,8 7

0,6

p
Key
p nuinber of net elementary charges on a particle 1 d=10nm
fp(d) chJ;ging probability 2 d=100nm
3  d=200-nm
Figure 6/— Unipolar charge distribution for spherical particles with a diameter of 10 nm|

Classical p
sphere’s ge
spherical p
when calcy

6.2.2 Pa

The partic
attachmen

and 200 nm

hrticle charging models as discussed in Annéx A assume spherical particles and henc
ometrical diameter and surface area to-determine ion attachment. For irregularly sh
articles, the ion attachment equivalent surface area must be used to determine the ion :
lating the average charge per particle and the charge distribution.[39]

rticle number and surface area size distribution and concentration

e concentration to be charged shall be limited in such a way that the depletion of iong
L to the particles doeg-notlead to significantly reduced charges on the particles.

Whether o

6.2.3

L 100 nm

e apply the
aped, non-
ittachment

due to ion

not the expected.charge distribution is achieved in a charge conditioner due to ion depletion
depends on the total ionattachment surface area concentration. While steady state conditions a
(e.g. for a certain partiélenumber concentration of monodisperse particles of a given size), it can
not be rea¢hed when\d wide particle size distribution with the same number concentration is p
presence of larger-particles in the size distribution increases the ion depletion.

Particle pre-charge

re reached
eventually
resent. The

In bipolar charge conditioners, the ion concentration can be insufficient to compensate high pre-charge

while the s

ame aerosol, if uncharged, reaches steady state conditions.

Unipolar charge conditioning is also affected by the pre-charge (also known as a primary charge) on the
particles. Unipolar charge conditioning will fail if the particles entering the device already carry a charge
level of the same polarity as the ions which is higher than the expected steady state charge level. Such higher
pre-charge cannot be reduced by ions of the same polarity. Some unipolar charge conditioners minimize this
effect by a two-stage design, where the first charge conditioner stage operates at the opposite polarity.
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6.3 Aerosol carrier gas characteristics influencing the charge distribution

6.3.1 Carrier gas composition

In a different carrier gas than air (e.g. pure nitrogen or argon), the ratio of the electrical mobility of positive
and negative ions will change. This will lead to a different steady state (equilibrium) charge distribution for
bipolar charge conditioners (see Reference [9]).

Furthermore, particle formation from precursor gases (e.g. SO, or pinenes) can increase in the presence
of the high ion concentration in the charge conditioner. Ozone produced by the corona plasma in unipolar
chargers can also serve as a particle precursor. It should be checked prior to measurements, e.g. with a
DMAS that particle generation in the charge conditioner is insignificant compared to the measured particle

concentrat

is helpful

to uncover

6.3.2 Ca

A change i
not change
directly pr
charge disf

The charg
temperatu

6.3.3 Ca

Depending]
increasing
unchanged
distributio
otherwise

6.4 Chaj
6.4.1 Ae

6.4.1.1 H

The particl
through th

For typical
(seconds) i

jon. A system zero test (rpﬁ:r 0 IS0 15900:2020 8 2 '2) with the aerosol to be measure
particle generation in the charge conditioner.

frier gas pressure and temperature

| either temperature or pressure, or both, changes the ion electrical mobilitydistributi
the ratio of the electrical mobility of positive and negative ions, because electrical mag

ribution for bipolar charge conditioners, thus, will not change (seeReference [40]).

e distribution for unipolar conditioners, however, will change with carrier gas pr
Fe since the ion mobility distribution is changed.

rier gas humidity

on the relative humidity (RH) of the carrier gas{the ion mobility distribution will ch
RH, the mobility of negative ions, especially\increases. The mobility of positive iol

n for bipolar chargers as well as the charge distribution for negative unipolar char
inchanged conditions.

rge conditioner operating parameters influencing the charge distribution
rosol flow rate

article residence time in the charging volume

e residence timein the charging volume of a charge conditioner depends on the aeros
e charging volume.

designs@f)bipolar charge conditioners, the residence time of the particles in the charg
5 nota significant parameter since it is much longer than the time required to achieve

bn but does
bilities are

oportional to temperature or inversely proportional to pressure. The)steady state (equilibrium)

bssure and

ange. With
1S remains

. See Reference [32] for further informatienz,This changes the steady state (equilibritm) charge

gers under

bl flow rate

ing volume
the steady

state charge distribution (milliseconds), see Reference [33].

For unipolar charge conditioners, the achieved charge distribution (for otherwise unchanged conditions)
depends on the residence time in the charging volume. The mean charge per particle increases with
increasing residence time.

The residence time cannot be assumed to be simply proportional to the flow rate, since the particle velocity field
can change with changing flow rate; for example, stagnation zones can develop under certain flow conditions.
Therefore, the geometric design of the charge conditioner has a strong influence on the residence time.

6.4.1.2 Particle concentration profile (mixing state) in the charging volume

The particle concentration profile and the mixing state of the aerosol in the charging volume can change
depending on the following:
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— aerosol flow rate;
— geometric design of the charge conditioner;
— spatial particle and ion concentration profiles.

Extreme cases are laminar particle stream lines directly from the inlet to the outlet of the charging chamber
presenting a high particle concentration to the ion cloud versus a homogeneously mixed aerosol inside the
whole chamber presenting a much lower concentration. Obviously, these two cases can lead to very different
particle concentration to ion concentration ratios.

Poor mixing conditions in the charging chamber can significantly reduce the maximum allowed particle
concentration to reach steady state conditions in a bipolar charge conditioner.

For unipol
covered in

ar charge conditioners, the average Nj-t product will be very different for the exti
6.4.1.2, therefore the resulting particle charge will also be significantly different;

eme cases

6.4.2 Iom production rate

The ion col
is directly

In charge c
of the radi
the ion prd
emitted by
reduction

solid or liq

icentration in the charging volume (and therefore the charging capacity of a charge ¢
inked to its ion production rate.

pnditioners with radioactive sources, the ion production rate decreases over time due t
bnuclide. After one half-life of the used radionuclide, the activity (decays per second)
duction rate is reduced to 50 %. Depending on the radiation type and energy of th
the radioactive source, surface contamination can alsé nfluence the ion productior

hid contamination.

The ion pr
user-contr

The perfor
due to the
corona nee
the ion pro

In a bipolal

duction rate from electrically controlled ion sources (e.g. corona discharge or x-ray tu
bllable by design; it can also vary due to malfuiction of the control circuit.

mance of the corona needle or wire in a-~charge conditioner can degrade either due to
build-up of deposited materials. The latter was, for example, reported if the gas flow
dle contains traces of out-gassings.from silicone tubing.[41] Because of performance dg
duction rate at unchanged corona woltage is reduced.

r charge conditioner, a decrease in ion production rate will result in a proportional ¢

allowed particle concentration at a-given size distribution. In a unipolar charge conditioner, dec

production
charge disf

6.5 Othg

6.5.1 Su

Depending]
instrumen

rate will also change-the‘charging efficiency and, therefore, the mean charge per part
ribution.

LI'S

I'plus ions/downstream of device

on'the charge conditioner’s design, ions can leave the charging chamber through its €

bnditioner)

b the decay
and hence
e radiation
rate. This

can become significant especially for alpha radiation,which is easily shielded by a thin layer of

bes) can be

erosion or
hround the
boradation,

lecrease in
reasing ion
cle and the

xit port. In
mbinations

s which detect the electrical charge of the particles (e.g. charger and electrometer co

for total Fuchs surface area concentration or lung-deposited surface area concentration measurement), these
ions can bias the measurement. An electrostatic ion trap (precipitator) is used in such cases to separate
surplus ions from the aerosol.

6.5.2 Particle losses to the chamber wall

Particle losses to the walls of the charging chamber are mainly due to diffusion (Brownian and eventually
turbulent). If charged particles pass through an electrical field in a corona charger, electrophoretic losses
can also occur.

Internal losses are already included in the (measured) extrinsic charge distribution of a charge conditioner.
However, charge distribution measurements are typically made at a nominal flow rate through the device.
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Since the losses also depend on the flow rate through a given charge conditioner, corrections to compensate
flow rate effects on the losses and, hence, the extrinsic charging efficiency can become necessary when the
flow rate deviates from its nominal value.

6.5.3 Aerosol dilution in the charge conditioner

When a charge conditioner is used in a measurement system like a DMAS, aerosol dilution (by design) in
the charge conditioner must be compensated in the measurement system'’s data inversion. The stability of
the flow control in a charge conditioner with internal aerosol dilution directly influences the measurement
uncertainty of the measurement system.

6.5.4 Generation of artefact particles

If corona discharge methods are used, the instrument manufacturer and the user should, by\dé¢sign or by
measurement, ensure that the method performs correctly and does not produce artefact particlep.

7 Operational parameters for device specification
The follow|ng parameters shall be listed in the specifications that accompany the charge conditigner.
— Type of charge conditioning: bipolar or unipolar.
— Information for the ion source, including:

— Tyjpe of ion source (radioactive, soft x-ray, discharge, others).

— For radioactive ion sources: the isotope used, half-life, initial activity in Bq.
— Fofr soft x-ray ion sources: x-ray tube voltage, maximum x-ray energy.
— Fofr corona discharge ion sources: voltage, current.
— Materigal of the enclosure.
— Maxinjum particle generation rate and/concentration.
— Charge distribution function (if available).
— Flow rpte range.
— Type of carrier gas permitted (in addition, type of ion transport gas for some devices).
— Maxinlum particle number concentration.
— The priessure, temperature, and RH ranges permitted.
— Recommended particle size range (if available).

— Equivdlént length for calculation of particle transmission efficiency (if available).

8 Test procedures for determining the suitability of charge conditioners

8.1 Guidance to test procedures in the annexes

A thorough characterization of the properties of charge conditioners allow informed decisions on the
suitability of a specific charge conditioner for an intended application. Further, the proper performance
of charge conditioners when used in particle generation or in DMAS measurements should be periodically
verified. Table 3 summarises the information included in the annexes listed, which describe test procedures
for important performance parameters of charge conditioners.
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Table 3 — Annexes with test procedures

Annex Performance parameter T?St procedure Notes
in subclause
Annex B Particle generation rate B.2 Suitable for unipolar and bipolar
charge conditioners
Particle transmission efficiency B.3 Suitable for unipolar and bipolar
charge conditioners
Charging probability f, B.4
Charging probabilities f; (i # 0) B.5 Refer to Annex E for a simplified ver-
sion for f,; (or f4)
Annex D Maximum permissible particle num- D.2 Quantitative performance assessment
ber concentration
Annex E Ratio of +1 charged particles to -1 E.2.4 Especially suitable for ele¢trical dis-
charged particles charge bipolar chaige conditioners
Charging probability f,; (or f;) E.2.5 Simplifiedversion of B.5
Annex F Adequate performance of charge E3 Qualitativerperformance|check for
conditioner bipolar charge conditjoners
Additionally, ISO 27891:2015 Annex K describes a test procedure to determine if the charge conditioner is

performing

8.2 Cha

Annex D d
conditione
the charge
manufactu
user, e.g. b
in a given 9

Annex F ut]
in ambient]
conditione

b adequately for the purpose of CPC calibration.

rge conditioner performance verification

escribes a test method to determine the breakdown of steady state conditions i
I by increasing the aerosol test concentration. By this, the maximum particle number cof
conditioner can handle is identified. While.this test is primarily intended to be perfor
[rers of the charge conditioners to establish a performance index, it can also be app
efore a measurement campaign, to characterize the maximum permissible concentr4
cenario. This test makes use of a lot-0f equipment and takes significant time to run an

ilizes ambient air as test aerosol'to check whether a bipolar charge conditioner is suit{
monitoring. It requires stable ambient aerosol overnight and a known good refere
I but is otherwise straightforward to use.

8.3 Particle losses in a charge conditioner

B.3 descri
specificati

bn is not given-in the manufacturer’s datasheet.

8.4 Partjicle genieration rate

Depending]
for exampl
generation

ofithe type of bipolar charge conditioner, particles can be generated inside the charge g

h a charge
iIcentration
med by the
lied by the
ition range
1 evaluate.

ible for use
nce charge

bes a method¢to-determine the transmission efficiency in a charge conditioner in case this

onditioner,

by excessoms fronretectricat distharge {see 6-54)- B2 descrt
in a charge conditioner.

8.5 Charge distribution of bipolar charge conditioners

besatesttoquamntify the particle

For a given particle size, the particles’ electrical mobility is proportional to the net number of elementary
charges on the particle. Therefore, the particle charge distribution must be known for particle size
classification with differential electrical mobility analysing systems (DMAS), as it is used in the data
inversion routines for the analysis of the measured data.

B.4 describes a method to test for the charging probability f,, generated from singly charged particles in a
charge conditioner. B.5 describes how to determine other charging probabilities f; (i # 0). E.2.5 describes a
simplified test if one is only interested in the charging probabilities f,; (or f;).
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Annex A provides the theoretical concepts behind calculating the charge distribution function for a given
charge conditioner.

9 C(Cleaning and maintenance including safety issues

Charge conditioners should be checked regularly to ensure operation as expected, for example by following
the guidelines in Annexes D and F. Cleaning charge conditioners can be hazardous and should only be
performed by a trained professional if manufacturer’s instructions exist.

The use, transportation and disposal of radioisotopes are regulated by government authorities. Basic
international standards and guidelines are provided, for example, by commissions of the United Nations like
[AEA, ICRP, ADR, etc. The licensing, shipping and disposal regulations that govern radioactive sources vary
from natiofr to mattom.

The use of|soft X-ray sources is regulated by national and/or local government authorities.(The fegulations
vary from hation to nation.
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Annex A
(informative)

Implementation of bipolar steady-state charge conditioning

A.1 General
If the aerosol interacts long enough with a sufficient concentration of bipolar ions in a gaseous medium, a
steady-state bipolar charge distribution will develop on the particles (see A.3). By bipolar diffusioh charging,
particles lgss than 30 nm acquire one charge at most, which is a major requirement for applicdtion to the
productior] of monodisperse nanoparticles. Nonetheless, single charging efficiencies are rather lgw.
A.2 Charge distribution function of particles
Under the $teady-state conditions in the case of bipolar charging, the chargedistribution functign f,(d) can
be expressgd as:
+
HP ﬁj—l
j=+1 B
fp(d)=—F= S if p > 41 (A1)
Hp ﬁj_+1
N) j=-1 +
_ J .
f (d)= _N__ S ifps-1 (A.2)
Ny 1
fp(d)= —N'—E ifp=0 (A.3)
where
2_z+°° HP ﬂ;'r—1 +z—°° HP ﬁj_+1 +1
T dp=+1 j=+1 57 p=—1 j=—1 BT
J J
f,(d) [is the charge distribution as a function of particle size d;
N is the number concentration of aerosol particles of size d;
N, is thé number concentration of charged particles of particle size d;
N, is the numher concentration of uncharged particles of size d;
ﬁ;—r is the ion-aerosol attachment coefficient of particles of size d with p charges, with positive or
negative ions;
p is the number of elementary units of charge.

The charge distribution functlonf (d) can be calculated from Formulae (A.1), (A.2), (A.3), if the ion-aerosol
attachment coefficients (comblnatlon charging constants) § are known.
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A.3 Ion-aerosol attachment coefficient

A.3.1 Fuchs' Theory

Under the steady-state charging processes, there is a well-known theory describing the ion-aerosol
attachment coefficients, 8, which is the so-called Fuchs’ attachment theory. § can be expressed as:

ﬁ; _ Toctoat 5T exp{—(pp (Si)/kT} a4

+ +

+ c - o - 61—2 71
L+exp {-p, (8 )/kT}~W.J.O s*exp{-p, (a/x)/kT}dx
where
=,
O] AL ks :

a
47'[’80'1" 81+1 87'[‘80 r2(r2_a2)

5 2 3 5
3 + + + + V2
st M A A A 2 A
A5 a 3 a? a 15 a
2
+ a

o [ s_ij
a is the aerosol particle radius (d = 2a);
e elementary charge;
r is the distance between the particle and the ion;
c* is the thermal velocity of positive ornegative small ions;

a* is called Fuchs'a parameter, corresponding to the square of the ratio of the particle rqdius to the
limiting sphere;

o is the radius of a spherethat divides the free molecular regime near the particle and the|continuum
regime far from the particle (this imaginary sphere is often called Fuchs' limiting sphere);

k is the Boltzmann-constant;
T is the absolutetemperature;
D* is the thermal diffusion coefficient of positive or negative small ions;

£ is-the dielectric constant;

£ is the specific dielectric constant;
At is the mean free path of positive or negative small ions.

If the values of dynamic properties c*, D*, A* of the small ion, and aerosol particle diameter (d = 2a) are
known, the ion-aerosol attachment coefficients, 5, can be calculated.

NOTE Above equation for a* is only valid when the particle is electrically uncharged (p = 0). When the particle is
charged (p # 0), the equation for a* becomes rather complicated, see Reference [25].
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A.3.2 Properties of the ion

The values of dynamic properties c*, D* A* of small ions can be defined from fundamental gas kinetic
theories. The relationship between the diffusion coefficient and mobility is given in Reference [14], and can

be express

ed as:

Dt = kTZi/
e

where Z* is the electrical mobility of small ions. The thermal velocity of small ions was derived by Reference
[15], and can be expressed as:

(A.5)

8kT
¢t = - (A.6)
Tom-
where m* |s the mass of a small ion. There are several approximation methods for the mean ffee path of
small ions.|The representative example of these can respectively be expressed as:
L2 Dt !
atoipve D7 M 2 as described by Reference [21] (A7)
B & \M+m® '
. 3p D M VA a first-order Chapman-Enskog-approximation, explained (A.8)
A= — | in Reference [22] '
3r & \(M+m*
1 1632 D* MY
i e i , as described by References [23],[24] and [25] (A9)
1to 3r c M+ rni
where
M  idthe average molecular mass of air;
o id a correction factor: o = 0,132.
If the ion groperties Z* and m* are knownjthe charge distribution function, f,(d) can be calculated. As the
ion properties are strongly dependentn-the chemical composition (e.g. impurities) of the carfrier gas,[42l
values of s¢veral ion properties are shown in Table A.1.
Table A.1(— Values of ion properties used by various authors
Mobility of ién Mass of ion Reference
7t (x107* m?vlsT) | 2107 m?v s | m*(Da) | m (Da)
1,15 1,425 290 140 [26]
1,140 1,90 109 50 [27]
1,40 1,90 130 100 [27]
1,15 1,39 T40 101 23]
1,20 1,35 150 90 [25]
1,15 1,39 140 101 [13]
1,35 1,60 148 130 [8]
1,33 1,84 200 100 [30]
1,40 1,60 140 101 [9]
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A.4 Approximation of the bipolar charge distribution for aerosol particles charge-
conditioned by a bipolar radioactive ion source

As described in A.1 to A.3, an expert user of DMAS should be able to calculate the charge distribution
function, fp(d). However, as those calculation methods necessitate laborious numerical calculations, a more
convenient empirical expression to approximate the charge distribution function, f,(d), in the size range
from 1 nm to 1 000 nm is presented in A.4. This approximation permits a useful and rapid calculation of the
bipolar charge distribution function.

Situational factors such as carrier gas composition, purity, humidity and temperature can limit the validity
of the approximation.

For an aerosol particle carrying up to two elementary charges, in steady state charge conditions, the charge
distributio}t function, f,(d), can be expressed using the approximation given in Formula (A.10), dgrived from
the Fuchs model.

log[ £,{(e)]=3,a (p) - (logd) (A10)

Formula (A.10) is valid for the size range:
1nm <{d <1000 nm for p ={-2,-1, 0, +1, +2}

NOTE In Formula (A.10), d is given in nanometres.

To develop|this approximation, specific values of ion properties are taken, and their sources are:
a) ion magbilities from Reference [8] (see Table A.1);

b) ion masses from Reference [13] (see Table A.1);

c) the Fughs' a parameters from Reference [25].

The coeffidients g;(p) were derived for a charge.conditioner with a radioactive ion source (41Am) and air as
carrier gagl (at ambient conditions) using a least=square regression analysis; they are listed in Talple A.2.

Correctionf for other carrier gas conditions are described, e.g. in Reference [8], while data for other gas
compositigns can be found in Referenee{9].

The chargg distribution functiom, f,(d), with three or more elementary charge units can be calcujated using
Formula (A.11), which is based.on éunn's model:

2
{ 27y dkT { NGzt H
- - In| =L . 2
e e Ny Z7
fp(d)F - exp (A.11)
JanZe,dkT 2_2”502‘”‘T
e
where N;* Isthe concentration of positive or negative smallions.

For this calculation, the concentration of positive and negative ions is assumed to be equal, and the ratio of
ion mobilities Z* /Z~ was taken from Reference [8] to be 0,875. The results of this calculation are given in
Figure A.1 and Table 2.
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Table A.2 — Coefficients a;(p) for Formula (A.10) for radioactive ion sources

; a; (p)
p=-2 p=-1 p=0 p=+1 p=+2
0 -26,3328 -2,3197 -0,000 3 -2,3484 -44,475 6
1 35,904 4 0,617 5 -0,101 4 0,604 4 79,377 2
2 -21,4608 0,6201 0,307 3 0,4800 -62,890 0
3 7,086 7 -0,110 5 -0,337 2 0,001 3 26,449 2
4 -1,308 8 -0,126 0 0,102 3 -0,1553 -5,748 0
5 0,1051 0,0297 -0,0105 0,0320 0,504 9
NOTE Two coefficients in Reference [17] were later corrected. The coefficients in Table A.2 contain this correction.
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NOTE Figure A.1 shows the charge distribution function for particles in the size range between 1 nip and 1 000
nm calculatpd from Formulae/(A.10) and (A.11) for a bipolar radioactive ion source.
Figure A.1 — Charge distribution function for a bipolar radioactive ion source

A.5 Approximation of the bipolar charge distribution for aerosol particles charge-
conditioned by a bipolar X-ray ion source

While the coefficients in Table A.2 generally apply for bipolar charge conditioners with radioactive
ion sources, they cannot be used for other types of bipolar charge conditioners. In fact, experimental
results[43] have yielded significant deviations of soft X-ray charge conditioners from charge conditioners
with radioactive ion sources in the charge distributions and moreover, available models and designs
differ considerably in their charging characteristics. The reason for the differences has not yet been fully
understood. Therefore, the empirical coefficients for other designs of bipolar charge conditioners must be
determined individually for each device design. This can be accomplished by following the method outlined
in Annex B.
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Table A.3 is an example of a specific type of soft X-ray charge conditioner as determined within Reference
[10] and should not be used in general for soft-X ray charge conditioners. Compared to Table A.2, Table A.3
describes a different set of empirical coefficients a;(p) which apply for two types of charge conditioners with
a soft X-ray source with an X-ray tube voltage of 9,5 kV.

Table A.3 shows an example of coefficients a,(p) for Formula (A.10) for a bipolar charge conditioner with a
9,5 kV X-ray ion source.[19]

Table A.3 — Coefficients a;(p) for Formula (A.10)

; a; (p)
p=-2 p=-1 p=0 p=+1 p=+2
0 =30;61558 =2-3350% 0;00163 =2-3588% =27%253 20
1 46,338 85 0,436 35 -0,113 84 0,451 69 38,479 63
2 -31,18191 1,086 54 0,33393 0,997 98 -24,271 28
3 11,390 70 -0,556 79 -0,357 14 -0,48173 8441 62
4 -2,22028 0,049 81 0,107 70 0,026 3¢ -1}605 89
5 0,179 35 0,005 51 -0,010 82 0,008 04 0,129 17
Figure A.2| shows a charge distribution function for particles within the size range between|1 nm and
1 000 nm galculated from Formulae (A.10) and (A.11) for a bipolar,9,5 kV X-ray ion source. In accordance
with the rfcommendation in Reference [10], ion mobilities used for the calculation of charge levels beyond p
= +2 (Formula A.11) were 1,4 cm?2/(V-s) for negative and 1,34 cm?2/(V-s) for positive ions, respectjvely, while
the ion confcentrations of positive and negative ions were again assumed to be equal.
fp[d) A
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Figure A.2 — Charge distribution function for particles for a bipolar 9,5 kV X-ray ion source
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Annex B
(informative)

Performance test procedures for charge conditioners

eral

toad norfor AL forc
TCTr

This annex
DMAS, the
existing or

The tests ¢

numbd

chargi

chargi

The tests ¢
tolerance d
these tests

B.1.2 Te

CPCs and
ISO 27891

A CPC fung
record the

nmanc mao
POttt paraictcTy

describes a set of performance tests for charge conditioners. For the use of charge.con
evaluation of the below listed key metrics is a prerequisite and the tests may serveto c
newly developed charge conditioner designs.

valuate the following physical quantities:

r concentration of particles generated in a charge conditioner;

transmission efficiency for singly charged particles;

ng probability f;; and
hg probabilities f; (i # 0) for positively and negatively-charged particles.

an be performed with different particle sizes, particle number concentrations and flow
f the tests is not given in this document and should be set according to the purpose of J

5t equipment

I

itionersin
aracterize

y rates. The
pberforming

DEMCs used in the tests should-be’ appropriately calibrated and verified in accordance with

and ISO 15900.

tion check is strongly recommended. For this purpose, connect the CPC inlet to a HEP)
particle number concentration displayed on the CPC at 1 s reading intervals for 1 mif

A filter and
1. Calculate

the arithmgtic mean, N¢pc_opecks©f the number concentration for the last 30 s. Only proceed with the test if

NCPC—check i

Flowmeter]
certificate,

The assurf
generators

5 equal to or less thas0,1 cm3.

s and voltmeters used for controlling the test settings should have a reputable

ince of functionality of other equipment such as ESPs (see Annex C), flow splittg
and diluters is strongly recommended, but not covered in this annex.

A primary

calibration

I's, aerosol

aerosol generator used in B.3, B.4 and B.5 should be provided with passive overflow

in order to

adapt to th

e aerosol flow rate at the inlet of the bipolar charge conditioner.

B.1.3 Test aerosol

The test ae

rosol used in the tests should meet the following conditions:

— the mode diameter and particle number concentration should be sufficiently stable during the tests;

— the vapor content from water or other dispersing medium or solvent should be low in order to prevent
particle growth in the test setup and the influence on the performance of the test charge conditioner.

The use of monodisperse particles (e.g., polystyrene latex particles) is required for the tests in B.3 and is
recommended for all other tests in this Annex, with the exception of B.2.
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B.2 Test of the number concentration of particles generated in a charge conditioner

B.2.1 Ge

neral

This test quantifies the number concentration of particles generated in a test charge conditioner when
particle free air is passed through. It is preconditioned that the test charge conditioner is separable from the

DMAS and

can be turned on and off.

B.2.2 Test setup

The test setup is shown in Figure B.1. Ambient air, filtered through a HEPA-filter, should be used for the test.

n the DEMC.

stable CPC
for 1 min.
the 1-min

rtcut tube
h length of

rle number
ean of the

ments. The

mula (B.1):
(B.1)

A preconditioner (diffusion dryer) is required if the relative humidity in the air exceeds 80 %.
Ambient air > Precon'dltloner H'EPA Test f:}.large N
(optional) filter conditioner
NOTE ffigure B.1 shows the setup for a particle generation test for a charge conditionerseparable froy
Figure B.1 — Particle generation test setup

B.2.3 Test procedure

a) Turn qff the charge conditioner. After the system reaches-a steady condition, i.e. with a
reading, record the particle number concentration with ‘the CPC at 1 s reading intervals
Calculate the arithmetic mean N,g of the number _c@ncentration for the last 30 s of
measufrement.

If the fest charge conditioner cannot be turned off, replace it with a shortcut tube. The sh
should consist of a straight metal pipe or piece of conductive silicone hose with maximun
10 cm pnd the same diameter as used for the ttibing in the setup.

b) Turn opn the charge conditioner. After thesystem reaches a steady condition, record the parti
concerltration with the CPC at 1 s,reading intervals for 1 min. Calculate the arithmetic n
numbgr concentrations measured'by the CPC for the last 30 sas N,

c) Repeata) to b) four more times-Calculate the averages N,, and N, from the five measure
numbagr concentration of particles generated in the test charge conditioner is calculated by For
Ng =‘Non _Noff‘

d) Repor{N; with.the test charge conditioner flow rate gycc.

B.3 Testofthe transmission efficiency

B.3.1 General

This test quantifies the transmission efficiency for singly charged particles in a charge conditioner.[29]

B.3.2 Test setup

The test se

tup is shown in Figure B.2.

The CPC clocks should be synchronized to the second, in order to identify the data sets belonging to the

measuring

intervals during steps B.3.3 d) and e).
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The test charge conditioner will be replaced by a shortcut (not shown in Figure B.2) as described in step
B.3.3 e) of the test. The shortcut should consist of a straight metal pipe or piece of conductive silicone hose
with maximum length of 10 cm and the same diameter as used for the tubing in the setup.

The CPCs should work preferentially in single count mode, i.e. at moderate particle number concentrations.

NOTE1 The flow adjustments before and after the test charge conditioner are optional and allow testing the charge
conditioner at varied flow rates.
NOTE 2  The test can be performed with uncharged particles by adding a bipolar charge conditioner and an ESP
immediately after the outlet of the DEMC.
HEPA Flow Flow
fileay adivustmant adivustmant
fites adfustment adjustment
Brimary Bipolar
T -
qerosol charge — DEMC est .C}_large 1 CPC{B
s conditioner |.&Y
ge¢nerator conditioner
Passive
overflow CPC-A

NOTE )
charge cond

B.3.3 Te
a) This st
to diffq

Install
chargsg
Turn o
condit

the de

b)
Gener4
DEMC.
systen

Check
readju

Turn on both CPGs.if not yet powered. Switch the three-way-valve to input from the particle

igure B.2 shows the setup for evaluation of the transmissien efficiency of singly charged p
itioner.

Figure B.2 — Setup for evaluation, of transmission efficiency

5t procedure

ep is optional and is to be appliedif'the flow rate through the test charge conditioner
b1 from that of CPC-B:

the flow adjustments as indicated in Figure B.2 and connect a flowmeter downstrean
conditioner outlet at position (1). Switch the three-way-valve to input through the |
in the DEMC, the bipolar-charge conditioner upstream of the DEMC, both CPCs and the
oner. Wait for the.system to stabilize. Adjust the flow g through the test charge con

bired value. Ensute that all flows through the setup are stable. Remove the flowmeter.

ite a test.derosol by turning on the primary aerosol generator, bipolar charge cond
Adjust-the DEMC to the desired particle size. Turn on the test charge conditioner.
| to'stabilize.

articles in a

s intended

of the test
{EPA filter.
test charge
ditioner to

generator.
tioner and
Vait for the

he particle number concentration readings from both CPCs. If these are not in the des
st the particle generator setting, add a diluter, or both.

ired range,

Record the particle concentrations of CPC-A (N, ; ) and CPC-B (Np 1 ) at 1 sreading intervals for at least

1 min. Calculate the arithmetic means of the number concentrations measured by the CPCs for the last
30sas Ny ; and Ng; respectively.

Turn off the test charge conditioner, remove it from the setup and replace it by a shortcut. Record the

particle concentrations of CPC-A (N, o) and CPC-B (N ) at 1 s reading intervals for at least 1 min.

Calculate the arithmetic means of the number concentrations measured by the CPCs for the last 30 s as

N, o and Ng, respectively.
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f) Repeat steps b) to e) at least four more times. Calculate the transmission efficiency Tr using

Formula (B.2):

Ngik Naok

Trk = (BZ)

Naik Npok

where k is the test round index.
g) Calculate the arithmetic mean from the five measurements.

Report the result as Tr(d,qpcc) with particle diameter d and test charge conditioner flow rate grcc. The
measurement uncertainty in Tr can be estimated from the sample standard deviation.

For each vpriation of the particle size, B.3.3 b) to g) shall be performed. Each variation of the flow rate
requires starting the test with B.3.3 a).

B.4 Test for the charging probability, f,, generated from singly charged particles in
the test ¢harge conditioner

B.4.1 Test setup
The test seftup is shown in Figure B.3.

HEPA Flow Flow
filter adjustment adjustment
CPC-A
Bipolar Mixer and
|| Test charge |7~
Primary charge DEMC cor@itioner [/ flow
aerosdl conditioner splitter
generator ESP | CPC-B
Passive
overflow
NOTE Figure B.3 shows the setup for evaluation of the charging probability f, from a charge conditiorler acting on

singly charged particles.
Figure®B,3 — Setup for evaluation of the charging probability f,

NOTE1 The flow adjustments before and after the test charge conditioner are optional and allow testing the charge
conditionerfat varied flow rates.

NOTE 2  Thestest can be performed with uncharged particles by adding a bipolar charge conditionerf{and an ESP
immediately after the outlet of the DEMC.

[f the primary aerosol source is generated by an atomizer from an aqueous suspension or solution, a diffusion
dryer is required.

If an ESP is not available, a cylindrical DEMC may be modified to serve as an ESP in the above setup. For this
purpose, the DEMC is run without sheath air and held at a constant voltage, high enough to collect on the two
electrodes all positively or negatively charged particles which enter the device through either the sheath
flow (g, Jor sample aerosol flow (g;) inlets, or both. The sample aerosol flow outlet (g3) is blocked. The
uncharged particle fraction leaves the DEMC through the excess air flow outlet ( g4 ) at a flow rate established

by the downstream CPC-B (the gq; designations of the flows in a DEMC refer to ISO 15900:2020, Figure 1).
A reputable flowmeter should be available in order to measure and adjust the actual flow through the test

charge conditioner at position (1) indicated in Figure B.3.
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The flow controls of the two CPCs after a flow splitter can affect each other. In that case, makeup air between
test charge conditioner and mixer can be provided.

The CPC clocks should be synchronized to the second in order to identify the data sets belonging to the

measuring

intervals during B.4.2 d) and e) below.

The CPCs should work preferentially in single count mode, i.e., at moderate particle concentrations. This can
be achieved either by adjustment of the aerosol generator or by dilution, or both.

To evaluate f for particles in the opposite polarity, the polarity of the voltage on DEMC must be reversed.

B.4.2 Test procedure

a)
to diffi
Figure
Switch
condit

stabili

flows 4
b) Ensurg
particl
chargg
condit

Check
readju

interv
fluctud

by the

This stre

er from the sum of flow rates of CPC-A and CPC-B. Install the flow adjustments as/ii
[ B.3 and connect a flowmeter downstream of the test charge conditioner outlet at p
the three-way-valve to input through the HEPA filter. Turn on the DEMC,-the bipc
oner upstream of the DEMC, both CPCs and the test charge conditioner. Wait for the

ze. Adjust the flow g, through the test charge conditioner to the desixed-value. Ens
hrough the setup are stable. Remove the flowmeter.

e that both CPCs are running, and the ESP is off. Switch the three<way-valve to inpy
e generator. Generate a test aerosol by turning on the primtary aerosol generat
conditioner and DEMC. Adjust the DEMC to the desired pdrticle size d. Turn on the

oner. Wait for the system to stabilize.

the particle number concentration readings from bothCPCs. If these are not in the deg
5t the particle generator setting, add a diluter, or beth.

Turn on the ESP. Record the particle concentrations of CPC-A (N, ,, ) and CPC-B (Ng ,, ) at

ls for at least 3 min. Only proceed if the CPEB reading reaches a stable plateau, i.e. if]
ite by more than 10 %. Calculate the agithmetic means of the number concentrationg

CPCs for the last 60 s in the plateau range as N, ,, and Ng ,, respectively.

Turn o

f the ESP. Record the particle namber concentrations of CPC-A (N, ¢ ) and CPC-B (N

reading intervals for at least 3 min. Only proceed if the CPC-B reading reaches a stable pl3
does njot fluctuate by more tham~10 %. Calculate the arithmetic means of the number con

measujred by the CPCs for the last 60 s in the plateau range as N o and Np ¢ respectively.

f) Repeaf

steps b) to e) at least four more times. Calculate the charging probability f; using For|

NB,on,k . NA,off,k

fox=

where

Ng off k <N on k

k is thetest round index.

is intended
hdicated in
osition (1).
lar charge
system to
ure that all

t from the
or, bipolar
fest charge

ired range,

|l s reading

it does not
measured

pofF)atls

teau, i.e. it
rentrations

V.

mula (B.3):

(B.3)

g) Calcul

te“the arithmetic mean from the five measurements. Report the result as f,

(d1
\

_'CITCC) or

EAV)

fo (d_ ,qTCC) with positively (d") or negatively (d~) charged particles of diameter d entering the test

charge conditioner with flow rate g

The measu

rement uncertainty in f; can be estimated from the sample standard deviation.

For each variation of the particle size, B.4.2 b) to g) shall be performed. Each variation of the flow rate
requires starting the test with B.4.2 a).

The recovery time, i.e., the time period after turning on or off the ESP to revert the CPC-B number
concentration reading to a plateau value, can depend on the ESP design. A longer recovery time can occur
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especially when a DEMC is used as an ESP. In such cases, the measuring periods in B.4.2 d) and e) should be

prolongate

d accordingly.

B.5 Test of the charging probability f;

B.5.1 Test setup

The test setup is shown in Figure B.4.
HEPA Flow Flow
filter adjustment adjustment
CPC-A
Bipolar Mixer and
Test charge =
Primarly Ch?rge ] PEMCE conditioner (-1- - ﬂ(.)w
aerosdl conditioner splitter
generatpr DEMC-2 || CPC-B
Passive
overflow
NOTE Figure B.4 shows the setup for evaluation of the charging probabilit§)f; of a charge conditionpr acting on
singly charged particles.
Figure B.4 — Setup for evaluation of the charging probability f;
NOTE1 The flow adjustments before and after the test chargé&.conditioner are optional and allow testing the charge
conditionerfat varied flow rates.

In this test
A size scan
singly and

In a cylind
particles. T

Both [
DEMCH
for the

— The polarity of DEMC32 is opposite to that of DEMC-1. Monodisperse particles of either
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NOTE2 1
particles, tH

a monodisperse test aerosol is generatedand charge-conditioned in the test charge g
with DEMC-2 downstream reveals to*what extent the test charge conditioner is able
multiply charged fractions in the test@aerosol.

rical DEMC with positive polarity’of the voltage, the inner electrode attracts negativg
his test can be run with fourleptions for the settings of the DEMC voltage polarities.

EMCs have the same polarity: Monodisperse particles of either positive or negative
1 and are recharged by the test charge conditioner. This test evaluates the charging pi
chosen polarity.

pe charge exitDEMC-1 and are recharged by the test charge conditioner. The charging pj

'he testprocedure as described in B.5.2 is applicable only for charged test particles. For ung

onditioner.
to produce

ly charged

Charge exit
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positive or
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harged test

essetup in Figure B.4 necessita i
ha NDE

after the out

this document.

mediately
t covered in

Prior to testing, the CPC clocks and the DEMC-2-controller should be synchronized to the second in order to
timewise correlate CPC-A number concentration records as well as start and stop of DEMC-2 size scans.

The CPCs should work preferentially in single count mode, i.e. at moderate particle concentrations.

Depending on the aim of using this test to determine the charging probability, CPC-B and CPC-A may be
outside of the traceably calibrated concentration ranges, i.e. at lower concentrations. CPCs are shown by
theory (see ISO 27891:2015, A.2) to be linear below the traceable calibration range. As such, the important
criteria can be the standard uncertainty calculated with Formula (B.10).
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DEMC-2 should be set to at least 64 size bins per decade. It should be operated at the best size resolution,
for example sheath to sample flow ratio larger than 15:1, in order to avoid overlap in peaks representing the
different charges of the size distribution density function (see left diagram of Figure B.5).

As described in detail in B.5.2, the test procedure requires calculation of the raw number size distribution
density function dN,,, /dlog(d) by the DEMC-2 manufacturer’s software based on a simplified DEMC

response function R(U*) (see ISO 15900:2020, Formula D.1). The simplifications are:
— no multiple charge correction;
— no correction for diffusion losses, i.e.,, P(d)=1;

— no correction for CPC detection efficiency 1¢cpc (d) in the detector response W(d,p);

— the CPL detection flow rate qcpc in W(d,p) is equal to the DEMC sample aerosol flow rate'qj,.

NOTE 3  If the correction for CPC detection efficiency cannot be inactivated by the software, it.can/caus¢ some error
in the size range where the CPC detection efficiency drops.

With these|assumptions, ISO 15900:2020 Formula (D.1) can be written as:

dNuncc T | — NCPC . 1 (B.4)
dlog () | » £\ [ . . '
8l fi (dl)JdZOQ(Z(d,l),A@(U ))dd d1-In10
where
U is the voltage supplied to DEMC-2;
dI is the diameter of singly charged particles with the central electrigal mobility
of the transfer function o PEMC-2 set at voltage U ;
dNuncdrr is the uncorrected niinber size distribution function at dj ;
dlog(q) d
Nepe is the number-doncentration displayed by CPC-B when DEMC-2 volthge is U ;
fi (d; is the ¢harging probability for p=1 at d; used in the DEMC-2 software;
Q(Z(a ,1),AcD(U* )) is'tHe transfer function of DEMC-2 for p=1 when voltage U" is applied.

Formula (B.4) can be conterted to the raw number size distribution density function:

dNraw |
dlog(d)

dy X
_ S%uncorr | fi (dl ) (B.5)
4 dlog(d) d

where the fharging probabilities for all particles are set to unity.

B.5.2 Test procedure

a) This step is optional, and is to be applied if the flow rate through the test charge conditioner is intended
to differ from the sum of flow rates of CPC-A and CPC-B. Install the flow adjustments as indicated in
Figure B.4 and connect a flowmeter downstream of the test charge conditioner outlet at position (1).
Switch the three-way-valve to input through the HEPA filter. Turn on DEMC-1 and its bipolar charge
conditioner, both CPCs and the test charge conditioner. Wait for the system to stabilize. Adjust the flow
qrcc through the test charge conditioner to the desired value. Ensure that all flows through the setup

are stable. Remove the flowmeter.

b) Ensure that both CPCs are running, and DEMC-2 is off. Switch the three-way-valve to input from the
particle generator. Generate a test aerosol by turning on the primary aerosol generator, bipolar
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charge conditioner and DEMC-1. Adjust DEMC-1 to the desired particle size, d. Turn on the test charge
conditioner. Wait for the system to stabilize.

Turn on DEMC-2 and perform a particle number size spectrum measurement. While scanning, observe
the particle number concentration readings from both CPCs. If these are not in the desired range,
readjust the particle generator setting, add a diluter, or both, and wait for the system to stabilize.

Perform a particle number size scan with DEMC-2 using CPC-B as particle counter. Record the raw size
distribution density function as dN,, o, /dlog(d) and the number concentration measured by CPC-A

as N, ., (t) at 1 s reading intervals. Note the start and stop time of the size scan.

Turn off the test charge conditioner. Perform a particle number size scan with DEMC-2, using CPC-B as

particle counter. Record the raw number size distribution density function as dN_.., o /dlog(d) and

the number concentration measured by CPC-Aas N, (t) at 1 s reading intervals. Note the start and

stop time of the size scan.

If the fest charge conditioner cannot be turned off, replace it with a shortcut tube. The shortcut tube

should| consist of a straight metal pipe or piece of conductive silicone hose with the length from the

aerosal inlet to the aerosol outlet of the test charge conditioner and the same diameter as ujsed for the

tubing|in the setup.

Calculgte the arithmetic means of N, (t) over the respective scan titne periods in B.5.2 d) and e) as

Ny on|and Ny o respectively.

Plot dN,4y on /dlog(d) according to the left diagram im\Figure B.5. Label the apparent peaks

representing singly (i = £1) and multiply (i = 2, £3 ...) charged particles from right to left. For{each peak,

calculgte the integral using Formula (B.6).

Ni,raw on =”:dNi,raw,on /dlog(d)]dlog(d) (B.6)

Plot dN.,y off /dlog(d) according to the right diagram in Figure B.5. Label the appgrent peak

representing singly charged particles (i =:*1). Calculate the integral for the peak using Formyla (B.7).

Nraw,cff =-[I:dNraw,off /dlog(d)]dlog(d) (B-7)

If the rlaw size distribution density function dN ,,, ., /dlog(d) in g) (left diagram of Figure B.5) reveals

peaks bove d(i = +1 or -1),the sum of integrals over these peaks shall not exceed 5 % of the integral

Niaw oft - The test shallonly be continued if this criterion can be met.

Repea{B.5.2 b) to K)atleast four more times. Calculate the charging probabilities f; using Formula (B.8)

for eadh of the apparent singly (i = +1) and multiply (i = +2, +3 ...) charged fractions.

fi,k (d)= Ni,k,raw,on Nk,raw,off (B.8)
le’A'nn NLr‘A'nFF

where the index k assigns the test round.

Calculate the arithmetic means for each of the apparent singly and multiply charged fractions with
Formula (B.9), where n is the total number of test rounds.

fi(d)=

> fi(d)/n

The standard uncertainty in f; (d) is given by Formula (B.10):

© IS0 2024 - All rights reserved
31

(B.9)


https://standardsiso.com/api/?name=c55733dffa4cbe5c48ca2157b4d6abce

ISO 19996:2024(en)

u(f,-<d>>=ﬁ&,’;l[ﬁ,k<d>—ﬁ<d>]2

For each variation of the particle size, B.5.2 b) to j) shall be performed. Each variation of the flow rate

requires starting the test with B.5.2 a).

(B.10)

Test results on charging probabilities should be unambiguously assigned, e.g. f; | (d) for positively charged

particles of diameter d, with the number of charges, i. The DEMC polarities in the test should also be noted in

the report.
Y1

—

Y2

i=1
i\

30

Key
X electrid
Y1

Y2

raw siz

raw siz

NOTE i
on (left) and

Figur

NOTE ]
voltage (U)
and NB,Off

N

i,B,on

al mobility diameter (nm)

30

100

e distribution density function dN,,, o, /dlog(d) with the test charge conditioner on

e distribution density function dN,,, ./ dlog(d) with the test charge conditioner off

igure B.5 shows examples of raw size distribution density functions with a test charge condit|

off (right).

e B.5 — Raw size distribution density functions with on and off test charge condi

'he measurementCand calculation of N

1, raw,on

and N

raw ,off

can also be made by recordin

1
200 ¥

ioner thatis

kioner

o the DEMC

and particle eoneentrations of CPC-B at voltage U with the test charge conditioner on and off] NB,on (U)
U), respeetively, and using Formulae (B.11) to (B.13) instead of (B.6) to (B.8):

= Nyg,on /U]dU

(B.11)

Ng off =J| Ng o /U |dU

fix(d

Nk,A,on

)= N; k B,on y Ny B off

Ny A off

© IS0 2024 - All rights reserved
32

(B.12)

(B.13)


https://standardsiso.com/api/?name=c55733dffa4cbe5c48ca2157b4d6abce

ISO 19996:2024(en)

B.6 Charge conditioner test report template

Test report number and date of issue:

Name and address of testing institution:

Name and address of Customer: Order number:
Charge conditioner model:

Charge conditioner manufacturer:

Identification / serial number:

Signed: (authorized signatory)

Performed test(s) according to ISO 19996, Annex B (check appropriate boxes):

| Test of the number concentration of particles generated in a charge conditioner, Section B.2
[l Test of the transmission efficiency, Section B.3
[ Test for the charging probability fo generated from singly charged particles in the test charge
conditioner, Section B.4
[l Test of the charging probability fi, Section B.5
Test results overview:

B.2

uncertainty

1 .
date parameter value (optional)

Ng
qrcc (L/min)

B.3
date parameter value uncertainty
T, (d, Grcc)
d (nm)
DEMC polarity
9rec (L/min)
test aerosol

B.4
date parameter value uncertainty
fo(d*,Grec)
fo(d, grec)

d (nm)

DEMC polarity N\
qrcc (L/min)
test aerosol

B.5
date parameter value uncertainty
fi,—(d» qred)
fi,+(d, Gpee)
d (nm)
DEMC-1
polarity
DEMC-2
polarity
9rec (L/min)

test aerosol

(extend above tables accordingly for each repeated test and/or tested variation in parameters)

Page 1 of xx
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Condition of test device

Date of test device receipt:

Result of initial visual inspection:

undamaged

security seals unbroken

date and result of leak test, if applicable:

activity, if applicable:

unused

used; if applicable, operating time counter reading:
other (specify):

ODoogogo

Result of initial power on function test (if applicable):

[J  indicator lights signaling functional readiness

Teqt equipment

1 a 3
) OTITCT (SPTCIy -

Type

Serial number Calibration date

reconditioner

LPC

ipolar charge conditioner

EMC

Flow meter

[PC-A

PC-B

ipolar charge conditioner

EMC

Flow meter

Flow splitter

LPC-A

LPC-B

ESP

Bipolar charge conditioner

EMC-1

EMC-2

Flow meter

Flow splitter

[PC-A

PC-B

SP

Tedt conditions

Lab

bratory temperature, humidity, and pressure:

Aerosol carrier gas temperature and humidity:

Pag

e 2 of xx
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Test results

B.2

Test round index Non Noge

4
5
arithmetic mean

B.3

Parti . . N
]\Eethod of particle generation:

Harticle diameter d (nm) at DEMC outlet:
Harticle polarity at DEMC outlet:

OEMC voltage (V):

JEMC sample flow rate (L/min):

JEMC sheath flow rate (L/min):

e (L/min):

qerc-a (L/min):

geecs (L/min):

Test round index, k N o), Ng1, Naop, Npay Ty 1

1

G| (Wi

arithmetic mean of sample parameter T-

standard deviation of sample parameter T,

(pdd parameter values and tables accordingly for each repeated test aiidyor tested variation in parameters)

B.4

Harticle material and carrier gas:
Nlethod of particle generation:

Harticle diameter d (nm) at DEMC outlet:
Harticle polarity at DEMC outlet:

JEMC sample flow rate (L/min):

IJEMC sheath flow rate (L/min):

qrcc (L/min):

epc-a (L/min):

qerc-s (L/min):

Test round index, k NA,onk NA,offk NB,onk NB,uffk fok(d)

£

ok £ 1 4
tHatreR-ersampre-parametery

(add parameter values and tables accordingly for each repeated test and/or tested variation in parameters)

Page 3 of xx
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B.5

Particle material and carrier gas:
Method of particle generation:
Particle diameter d (nm) at DEMC-1 outlet:
Particle polarity at DEMC-1 outlet:
DEMC-1 sample flow rate (L/min):
DEMC-1 sheath flow rate (L/min):
Particle polarity at DEMC-2 outlet:
DEMC-2 sample flow rate (L/min):
DEMC-2 sheath flow rate (L/min):
grec (L/min):

qcpc-a (L/min):

qcrcs (L/min):

Charge fraction, i +1,+2,+3..%)

Test round index, k NI(,A,on Nk,A,off Ni k rawon Ni raw, off fi,k

rithmetic mean of sample parameter f;

tandard deviation of sample parameter f;

*)|Note here the measured charge fraction and polarity

(afld tables accordingly for each of the apparent singly (i = +1) and multiply (i = £2, 3 ...) charging probabilities)
(ajld parameter values and tables accordingly for each repeated test and/or tested variation.in parameters)
Opservations and comments

E.|lg., intentional changes in suggested setups and procedures....

Dhta repository

THis report as well as metadata of all'settings and instruments, and raw and processed data sets from all measurements have begn
tpred in the following repository:

%)

(Web address or storage lgCation...)

Page 4 of xx
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Annex C
(informative)

Electrostatic precipitator to provide uncharged aerosol particles

C.1 Gen

particles t
and inner ¢
of the pola
and the sty
collide wit
due to Broy
uncharged
particles o
must be in

NOTE1 1
for removin
generating {

NOTE2 1
air flow of a
collected on
aerosol outl

If the voltage of a DEMC is set high enough te.separate the largest particles entering the devicg

eral

at entered into the ESP through the aerosol inlet flow through the annulargap betwee
lectrodes while they feel an electrostatic force inward or outward depending on the c
Fities of the particle charge and of the voltage applied to the inner electrode. For a give
ength of the electric field of the ESP, charged particles of a certaifirelectrical mobility
h the inner surface of the ESP and trapped. Losses of uncharged: particles in the ESP
vnian diffusion and inertial impaction. By optimizing the flow rate and voltage, the Ef
particles at nearly 100 % efficiency while it eliminates@ll*charged particles. To tr
f a lower electrical mobility for a given ESP, either the flow rate must be reduced or
‘reased.

'here are types of ESPs that are equipped with a,unipolar charge conditioner. Those ES
g particles, both charged and uncharged, from air in a stack, etc. The ESP, described in thi
est aerosols made of uncharged particles does nothave a charge conditioner.

DEMC can also serve as a source of uncharged aerosol particles. In this case, all charged particl
the two electrodes of the DEMC or leave,the DEMC with the monomobile (also known as "mon
et flow.

itioners for

consists of
example, a
grounded,
ed aerosol
n the outer
mbination
n flow rate
or greater
ccurs only
P can pass
hp charged
the voltage

Ps are used
5 annex, for

b, the excess
bs are either
odisperse")

5
1
|| / /
DY 2
/ / |l 4
3 2
i AW
6
Key
1  outer electrode 4  high voltage power supply
2  inner electrode 5 aerosol inlet
3  insulators 6  aerosol outlet

Figure C.1 — Typical cylindrical electrostatic precipitator
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C.2 Implementation of an ESP

For a cylindrical ESP as shown in Figure C.1 with the dimensions of:

— the outer radius of the inner electrode ry ;

— the inner radius of the outer electrode r;;

— and the effective length (i.e. the distance along the cylinder axis) between the inlet and outlet L,

the smallest electrical mobility of charged particles trapped in the ESP is approximately calculated with the
aerosol flow rate g and the voltage applied across the electrodes U using Formula C.1:

gln (r—; / )
S .~ C.1
min 2nLU (C1)

For example, for an ESP of r; =5 mm, r, =15 mm, and L=500 mm which is operating with the aprosol flow

rate at 1 L{min, to trap particles of electrical mobility of 2,5x 1079 m? /(V's) or greater, which ¢orrespond
to singly charged particles of about 500 nm or smaller in diameter, the voltage U must be 2 400 V|or greater.
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Annex D
(informative)

Concentration series test for charge conditioners

D.1 General
This annex describes a test method to check that the performance of a charge conditioner stays within
allowed tolerances by testing the device under standardized, reproducible conditions as described in D.2.
While this|test is primarily intended to be performed by the manufacturers of the charge-conditioners, it
can also beg applied for quality control purposes by users and test institutes. To perform the'test, a particle
generator tapable of producing uncharged particles at concentrations of up to nomipally 107 ¢m3 will be
needed. This test can also serve to establish a charge conditioner performance index(
An examplp measurement is described in D.3.
D.2 Test method
The test sdtup is shown in Figure D.1. The setup consists of a sectjen for the generation of a tesf aerosol, a
test chargg conditioner, a section for the measurement of the charging probability f, at a chosgen particle
size d,,¢, and instruments for measuring the test condition, i.ei:the particle number concentratipn and size
distribution at the inlet of the test charge conditioner. The testis performed with an uncharged p¢lydisperse
aerosol. The use of an uncharged and polydisperse aerosol is to let the test charge conditionef challenge
with an aefosol in an extreme charge state and of a large ion sink. With an uncharged test aergsol, as the
particle load increases and exceeds the charge conditiohing capability of the test charge conditipner, the f,
value devijtes and increase from the values at lowoads.
Generdtion of uncharged polydisperse test aeresol
of concentration N,
(’ I \
| Prijmary an(illtl(iqnlng Bipolar charge :
| adrosol  [—»{ Incuang onditioner and | > vent
| genjerator cogcentratlon ESP |
justmenty | | ®Y 1 ] ————— .
l\ L ) g ™, Monitors for
TTTIT T T T T T T AN T T T — — - I Monitor | Stablllty Of
: | cpc | concentration|
| : and particle siZe
Test charge | | distribution
conditioner | | Monitor |
I DMAS |
\ /
N ——— — -~
r —)
| Bipolar DEMC set at |
| ESP > Diluter [® charge [P fixed size [P CPC |
I conditioner dyose |
(
N /}
Measurement of f; at size d,q
Figure D.1 — Schematic setup of the charge conditioner test
The test method is as follows.
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Generate an uncharged polydisperse test aerosol.

Challenge a test charge conditioner with a concentration N, of the test aerosol.

Set the classification size of the DEMC at d, ;.

With the ESP after the test charge conditioner is off, record the concentration by the CPC, N .

With the ESP after the test charge conditioner is on, record the concentration by the CPC, N,

Calculate f as:

fo=N

on /Noff

Run th
test ae
each n
test ch|
to incr

Detern
more {
magni

particld
chargiy]

e measurement given in Steps b) to f) for a series of at least 5 different concentrations
rosol. The concentration range should cover approximately 2 orders of magnitudé:Cald
easured concentration. Ideally, the highest concentration(s) is (are) already in a begior]
arge conditioner does not reach steady state conditions anymore. This is indieated by
ease.

hine the plateau region for f, (see Figure D.2). Within the plateau région, f, should n
han +3 % from the average of f,. If the N, within the plateau region covers less thar
fude or if there are less than 3 measurements within the plateauregion, the test is not

f

0,7

0,6

0,5

04| @ [ ] [ )

0,3
N
0,2 |
1,0E+04 1,0E+05 1,0E+06 1,0E+07 N

test,max

number conceptiation of the test aerosol N, [cm™3]
g probability ¥

Figure D.2 — Plateau region of f, and N, of the test charge conditioner

test,max

(D.1)

Ny Of the
ulate f, for
where the
fo starting

bt differ by
1 order of
valid.

Deter
than 3

The co

3 £l ££: 53 £ oL P [FaL VA £ £ - N £la laos 3 A4+ £ 3 1:d 3
ITIIT UIICT CUTITIIUITIIU Ul vdl Idtlull L\.AVJ Ul jO VVILIIIIL UIICT lJlClLCau lCSlUll. Lol 15 vdIlu 1

%.

ncentration N,

test.max 1S the highest value of Ny, within the plateau region.

CV is less

If the test is performed with spherical test particles, calculate the theoretical ratio fj i, Within the
plateau region found in the test, f; 1o, and f; should not differ by more than 10 %.

Report all test conditions and the test results.

test,max

) are intended to be comparable from lab to lab.

To achieve such comparability, the test aerosol fed into the test charge conditioner and the test itself should
fulfil several requisites. Table D.1 shows a set of suggested requirements for test aerosol characteristics,
DEMC settings, and the stability during test.
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Table D.1 — Requisites for a standardized test

Polydisperse test aerosol — d,

mode

of dN/dlogd

60nm<=<d 4. <80nm

Polydisperse test aerosol — GSD

1,5<GSD<2,2

Polydisperse test aerosol — particle material (examples)

pha-orefin (PAO).

Thermally conditioned flame soot.
Dried, atomized aqueous NaCl solution.
Atomized di(2-ethylhexyl) sebacate (DEHS) or poly-al-

Polydisperse test aerosol — charge Uncharged
Pglydlspgrse test aerosol — stability of particle size Monitored by DMAS
distribution

i etestaerasol — stabilitv of narticle number
Polydisper T Monitored by CPC
concentration
DEMC settings — classification size 30 nm to 100 nm

DEMC setti

hgs — 41/,

7<q:1/9,520

Allowed de
are spheric|

hl

viation of f; from f ., when the test particles

|(fo = fo,theo)/ fo theol < 0,1

Tolerance 4

and for f;

Average f, £3 %

D.3 Exaj

D.3.1 Te

5t setup and procedure

mple test measurement

The test seftup for the example test measurement is shown in Figure D.3.
Bipolar
Flame sodt | | The.r‘mal Diluter  |—» ch%r_ge L »  Esp-1 Diluter Mdnitor
generato conditioner conditioner (20:1) ] PC
________________ :
' H.EPA — Vent
! filter
Test charge !
conditioner : Bypass
: (for size distribution measurement gt test
: charge conditioner inlet)
I
; ipolar
Esp2 | DUUer L¥. charge [ pEmc | | cpe
(5:1) conditioner
Figure D.3 — Schematic setup of the example test measurement
For the generation of an uncharged polydisperse test aerosol, the primary aerosol was generdted with a

flame soot]

génerator and thermally conditioned at 350 °C in a catalytic stripper. A rotating d

isc diluter,

with an approximate range of the dilution ratio from 10:1 to 1 000:1, was used to adjust the test aerosol
concentration. The concentration-adjusted aerosol then passed through a bipolar charge conditioner with
3 MBq Am-241 and an ESP (ESP-1) to leave only uncharged particles, and entered the test charge conditioner.
The number concentration (N) and size distribution of the test aerosol at the inlet of the test charge
conditioner was measured with a monitor CPC (upper concentration limit of 3 x 105 cm3) with a diluter of
the dilution ratio of 20:1 and a DMAS, which was composed of a bipolar charge conditioner, a DEMC and a
CPC that were used for the measurement of f,, (see below), through a bypass connection indicated with a
dashed line, respectively. In this example measurement, an uncharged polydisperse test aerosol with the
geometric mean diameter of 73 nm, the geometric standard deviation of 1,6, and the maximum number
concentration of 4,0 x 10 cm3 was generated (see Figure D.4).
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adjusting t

D.3.2 Te

An exampl
and the col
four Noge ; (i

100

size [nm]
tribution density function dN/dlogd [cm3]

e D.4 — Particle size distribution of the test aerosol atthe highest concentration

rosol after charge conditioning by the test charge conditioner then passed through a
hen ESP-2 was on, particles that got charged in thetest charge conditioner were remov
n ESP-2 was off, all particles from the test charge conditioner passed through ESP-2.

In ESP-2 was then diluted by 5:1, charge conditioned with a bipolar charge conditioner (|
troduced into a DEMC. The dilution by 5:1 wa's added to reduce the particle load for th
rge conditioner. The DEMC was set at afixed size d,. (e.g. 70 nm). The number conce
s from the DEMC was continuously recorded with a CPC (upper concentration limit of
age on ESP-2 was toggled on and.effat 1,5 min intervals. The average of the CPC reca

each 1,5 min interval was caldulated for the concentration N and N, with ESP-2
y. The charging probability fy was calculated with Formula (D.1).

rement was carried out-atfive N, levels of 3 x 104, 1 x 105, 4 x 105, 1 x 106 and 4 x ]

he dilution ratio of the rotating disc diluter.

5t result

b concentratienTecord is shown in Figure D.5. In this example, the DEMC classified at d
centratiendV,,, was adjusted at 1 x 106 cm-3. ESP-2 was toggled on and off six times,
=1-4J)and three N, (i = 1 - 3) averages (Table D.2).

level

hother ESP
ed in ESP-2
The output
3 MBq Am-
e following
ntration of
5 x 104 cm
rds for the
off and on,

(06 cm™3 by

est = 70 nm
which gave
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N
3000
a a a a
2500
Ma, M
2000 Noge
1500
pl
1000
b b b
500
i= i=2 i=3 i=4
0 t t t
15:13:00 15:16:00 15:19:00 15:22:00 T

Key
T time
N  particl¢ number concentration recorded by the CPC [cm3]
a  Off.
b On.
NOTE Figure D.5 shows a concentration record with ESP-2 off and on at 1,5 min intervals at d;, . = 70
=1x10°cny3.

Figure D.5 — Concentration record example with ESP-2 off and on

hm and N,

Table D.2 shows 30 s average concentrations¥,; and N, and the charging probability f, in the example

shown in Higure D.5.

Table'D.2 — 30 s average concentrations

i 1 2 3 4 Average
N, ¢ ; [cm3] 231 2332 2313 2312
Non,i [cm™3] 1°009 1013 1009
fo.i 0,435 0,436 0,436 0,436

The chargjng probability f,; (i = 1 - 3) was calculated with Formula (D.2), which is a v

Formula (I).1)

N

on,i

ariation of

fo,i=

" (Nogr,i +Nogt 1)/ 2

The average of f; ; (i = 1 - 3) in this example was 0,436.

(D.2)

The results at the five concentration levels are summarized in Table D.3 and plotted in Figure D.6. The
charging probability f, remained unchanged even at the highest concentration, which means that the
test did not deliver high enough particle loads to exceed the charge conditioning capability of the test
charge conditioner. All five f, values were within 3 % of the average 0,438 (i.e. between 0,423 and 0,451)
and therefore in the plateau region. Since the plateau region covered about two orders of magnitude and
contained five measurements, and since the CV in the plateau region was 1,4 %, the test was valid. The

concentration Nigge max

obtained by this test was 4 x 106 cm™3,
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Table D.3 — The charging probability f, at the five tested concentration levels

Niesi [em3] 3x 104 1x 105 4x105 1x 106 4x 106
fo 0,429 0,444 0,439 0,436 0,443

f
0,60

0,55+

0,501

045 —————— g

0,40

0,35+

0,30 T T LN B N B B B | T T T T T T TrT7 T T T 1 1 1 rr
1E+04 1E+05 1E+06 1E+07 N

Key
N particl¢ number concentration of the test aerosol Ny, [cm3]
f charging probability f;,

Figure D.6 — The charging probability f;, at the tésted five concentration levels and +3 % limits
(dashed lines)

© IS0 2024 - All rights reserved
44


https://standardsiso.com/api/?name=c55733dffa4cbe5c48ca2157b4d6abce

E.1 Gen

This annex

ISO 19996:2024(en)

Annex E
(informative)

Example set of tests for bipolar charge conditioners

eral

. describes a selected set of tests especially suitable for periodic inspection of bip

lar charge

conditione
— signifi
— lower

— thepo
The tests n
The examp
a)
b)
9
d)

numbd

chargi
the rat

The tests s
CPCs [i.e. G

The test s
probability

The tests §
different a

The tolera
performing

E.2 Test

E.2.1 Ge

s that generate ions by electrical discharge, which can have performance issues such
Cant particle generation in the charge conditioner;

barticle penetration through the charge conditioner especially for charged-particles;
bitive-to-negative ion concentration ratio drifted from the designed optintum.

nay be applicable to bipolar charge conditioners of other ion sourcés;

le set consists of the following four tests:

r concentration of generated particles (see B.2);

particle transmission efficiency (see B.3);

hg probability f, (see B.4);
io of +1-charged particles to —1-charged particles, or the charging probability f,; (or

pecified in E.1 a) to c) should refer to Anfiex B. To simplify the tests in E.1 b) and c), the
PC-Ain test E.1 b) and CPC-A in test\E.1°c)] may be omitted for the purpose of this ann

pecified in E.1 d) is intended as_a simplified test compared to the evaluation of th|
f; (see B.5). E.2 describes the test E.1 d).

pecified in E.1 b) to d)'should be performed at least at one particle size, and the |
mong the three tests,

hce of the tests, is.not given in this document and should be set according to the
b these tests.

s for singly charged particles

neral

S:

f_1)-

monitoring
ex.
e charging

ize can be

purpose of

The test E.1 d) can be either:

E.2.4; or

charging probability f,; (or f_;) described inE.2.5.

E.2.2 Test equipment

the ratio of the number concentration of +1-charged particles to that of —=1-charged particles described in

The equipment used in the tests should be appropriately calibrated and verified in accordance with

ISO 15900,

ISO 27891 and this document.
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E.2.3 Test aerosol

The test ae

rosol used in the tests should meet the following conditions:

— the use of monodisperse particles (e.g. polystyrene latex particles) is required;

— the mode diameter and particle number concentration should be sufficiently stable during the tests;

— low vapor content from water or other dispersing medium or solvent to prevent particle growth in the

test set

up, which can influence the performance of the test charge conditioner.

E.2.4 Test for the ratio of the number concentration

E.2.4.1 (eneral
This test quantifies the ratio of the number concentration of +1-charged particles to that of
particles af the outlet of the test charge conditioner under a given condition such as the flow r:
size and charge state of particles. To determine the ratio, the number concentratiens of +1-c}
-1-charged particles are measured with the CPC, with the DEMC classifying at the same absolute
of oppositd polarities.
E.2.4.2 Testsetup
The test setup is shown in Figure E.1.
The DEMCshould be able to apply both negative and positive voltages.
A pre-conditioning device for drying the test aerosol should be added if the humidity of the prim
is too high
Primary Pre-
aerosol » conditioner of Test Fbarge » DEMC > CPC
. canditioner
generator (optional)
Figure E.1 — Setup for the determination of the ratio of the number concentration of +1-
particles to that of -1-charged particles

E.2.4.3 Testprocedure
The test prjocedure is as follows.
a) Startthe primary aerosol generator.
b) Turn on the charge conditioner.
c¢) Setthd DEMC at the voltage to classify +1-charged particles of the desired size. After the syste

a steadly-eondition, record the number concentration with the CPC at 1 s reading interval

-1-charged
ite and the
larged and
voltage but

h1'y aerosol

charged

'm reached

for 1 min.

Calculate the arithmetic mean of the number concentrations measured by the CPC for the last 30 s of the
1 min measurement, N ..

d)

Set the DEMC at the voltage to classify —1-charged particles of the same size as in c). After the system

reaches a steady condition, record the number concentration with the CPC at 1 s reading interval for
1 min. Calculate the arithmetic mean of the number concentrations measured by the CPC for the last
30 s of the 1-min measurement, N _;.

R¢ 414 with Formula (E.1):
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