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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Changed “See C.4” to/“See Annex D”.
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paragraph){€hanged “sample container No. 5” to “sample container No. 4d”.

rrected-the reference from (ISO 25574:2013) to (ISO 25597:2013).

C.1: In theAirst paragraph, changed “use Formula (B.1)” to “use Formula (C.1)”. In Formula

ect of

5. ISO shall not be held responsible for identifying any or all such patentrights. Detajils of

1d /or

S not

mity
riers

nary

ity of

C.1),

changed the value of the numerator (212,2 replaces 3,056).

explana

Vi

C.2.3: In the note, changed “x1,5” to “x Rpax’-
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E.5.3: Corrected Formulae (E.12) and (E.13) [formerly called Formulae (E.13) and (E.14)], and the
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Introduction

This International Standard provides conventions for the sampling and analysis of stack gas samples
from stationary sources by the use of cyclone samplers to separate particulate matter with nominal
aerodynamic diameters of 10 pm (PM1p) and 2,5 pm (PMz 5).

This International Standard provides design guidelines for:

the use of sampling cyclones, for the measurement of filterable particles;

— the measurement of filterable and condensable particles using the dilution sampling technique.

The

particulate matter that is similar in characteristics to materials formed when a flue-gas ex
with|ambient air. The method is suited for obtaining particulate speciation data useful
regignal source apportionment studies and health risk assessment studies.

This[International Standard provides for the use of two types of sampling train:

a)

b)

The

particulate matter allows for capture of secondary particulate matter that is similar in
ambient particulate matter. The method is suitable for the collection of source emission d

and

dilutjon sampling to provide data for health. fisk assessment studies.

Hilution sampling technique allows for the capture and measurement of condensablg

4 basic sampling train to measure filterable particles using sampling cyclones that can
Ibetween particle sizes in the range of 2,5 pm and 10 pm;

3 dilution sampling train that uses in-stack sampling cyclafies to measure filterable in
the same manner as the basic sampling train as in a), but measures also, condensable p3
ddditional PM3 5 and/or PM1g cyclones located after the-dilution chamber in the sampli

method using dilution sampling for the formdtion, collection, and analysis of

Fegional source apportionment studies. RParticulate speciation data may also be gat]

, secondary
haust mixes
in local and

distinguish

particles in
articles with
ng train.

rondensable
tharacter to
ata for local
hered using
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INTERNATIONAL STANDARD ISO 25597:2013(E)

Stationary source emissions — Test method for
determining PM2,5 and PM10 mass in stack gases using
cyclone samplers and sample dilution

WARNING — This document does not purport to address all of the safety problems associated
with its use. It is the responsibility of the user of this document to establish appropriate safety

and

ealth nractices and todetermine the annlicahilitv of reculatorvlimitations nrig r to use
Tt Pattrceoana+to-ae+ter e+t eappiitabite YOI Fregtiator Y Tta o O-P T4 .

Collection of emission samples may require working on stack platforms and-other elevated
surfaces. Protective clothing (heavy long sleeves and pants, hard hats, and eye protection) should
be worn at all times while working in the vicinity of hot surfaces. Insulated ‘gloves should be
worn when handling hot probes or accessing stack sampling locations with-hot surfages. Hearing

protection should be worn if needed.

Equipment cleaning requires the use of acetone. This work sheuld be performed in a well-

ventjlated area to minimize fire and worker exposure hazards.

1

1.1

$cope

General

This|International Standard specifies proceduresfor the extraction and measurement fof filterable

particulate matter from stationary source flue gassamples by:

This[International Standard provides for the use of two types of sampling train.

the use of cyclone samplers;

the measurement of condensed particulate matter using dilution sampling technlique, which
gimulates the interaction of stack gas components with the atmosphere as they mix after the stack
exit.

Basic sampling train,@ basic sampling train to measure filterable particles using sampljing cyclones
that can distinguish’between particle sizes in the range of 2,5 pm and 10 pm. This method is
¢specially suitablé’for measurements of particle mass concentrations above 50 mg/m3 as a half-
ourly average at standard conditions (293 K, 1 013 hPa, dry gas) and applies to primary particulate

atter (PMJremissions equal to or less than an aerodynamic diameter of nominally 10 pm (PM1q)
rom stacks or ducts.

ilution sampling train, a dilution sampling train that utilizes a dilution chamber thgt mixes flue

as with conditioned dilution air to simulate the interaction of the stack gas comppnents with
ambient air. This simulation process may lead to the condensation of particulate matter that might
not otherwise be produced in the basic sampling train. The dilution sampling train uses in-stack
sampling cyclones to measure filterable particles in the same manner as the basic sampling train,
but in addition, utilizes additional PM3 5 and/or PM1g cyclones in the sampling train to measure
particles formed in the dilution chamber.

This method is intended for the measurement of mass concentrations of particles smaller than 2,5 pm
aerodynamic diameter (PMz 5) using weighing techniques. The method can be used to measure mass
concentrations of particles with aerodynamic diameter smaller than 10 um aerodynamic diameter
(PM1) or particles with aerodynamic diameters between 2,5 pm and 10 pm.

In this method, the dilution sampling train can be used in combination with the basic sampling train,
using PM19 and/or PM3 5 depending upon the test objectives. The dilution sampling system is intended

© ISO 2013 - All rights reserved 1
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for applications where measurement is required of particles similar in characteristics to materials
formed when a flue gas exhaust mixes with ambient air.

Particulate matter filter samples collected using dilution sampling can be further analysed to provide
chemical composition data that are applicable for developing PM; 5 or PM1p emission inventories,
visibility impact assessments, health risk assessments, and source-receptor studies related to PMz 5
and PM1p emissions.

This method is not applicable to the determination of ultrafine particles with an aerodynamic diameter
of less than 0,1 um. This method has been applied to emission sources with low moisture and saturated
moisture stack gases; however, it is not applicable to effluents where entrained water droplets are

present.

NOTE

and analysis

of gaseous priecursors that can contribute to the formation of particulate matter, e.g. SO2, NO,, @mimonia, SO;
volatile orgainic comounds (VOCs), can be determined using suitable analytical equipment te measure the d

samples.

1.2 Limitations

1.2.1 Gen

[tis recogni
of this Inter
are requireg

— high-va

fluctuat

— gas strdtification due to the non-mixing of gas streams.

There are al

1.2.2 Bas

Stacks with
These wate
following ey
1.2.3 Dily
For dilution|
dilution air 4

Optionally, with additional equipment, as well as sampling and analytical procedures not descril
the method, M chemical speciation and particle size can be determined by applying ambient air samplecollg

ethods to the diluted stack samples obtained by using this method. In addition, the\concentt

eral limitations

ved that there are some combustion processes and situations that can limit the applica
hational Standard. Where such conditions exist, caytion and competent technical judg
|, especially when dealing with any of the followifig:

fuum, high-pressure or high-temperature gas,streams above 260 °C;

ions in velocity, temperature or concentration due to uncontrollable variation in the pro

so limitations specific to each sampling technique.

ic cyclone sampling technique

entrained moisturedroplets can have droplet sizes larger than the cut sizes for the cycl
I droplets normally contain particles and dissolved solids that become PM1g and §
aporation of the)Wwater.

[tion sampling technique

sampling, a known limitation of this method concerns the presence of particles il
itvery low concentrations, contributing to measurement background. This can be signif]

edin
ction
ation
, HC],
luted

hility
ment

cess;

pnes.
My 5

h the
icant

for certain

very clean sources, e.g. gas-Tfired power plants. Dilution air system DbIlanks are necessary

when sampling sources with anticipated PM3 5 or PM19 mass concentrations less than or equal to about

1,0 mg/m3.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 7708:1995, Air quality — Particle size fraction definitions for health-related sampling

ISO 8178-1:2006, Reciprocating internal combustion engines — Exhaust emission measurement — Part 1:
Test-bed measurement of gaseous and particulate exhaust emissions

2 © IS0 2013 - All rights reserved
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IS0 9096, Stationary source emissions — Manual determination of mass concentration of particulate matter

[SO 10780, Stationary source emissions — Measurement of velocity and volume flowrate of gas streams in
ducts

IS0 12039, Stationary source emissions — Determination of carbon monoxide, carbon dioxide and oxygen —
Performance characteristics and calibration of automated measuring systems

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

3 Terms and definitions

For t

31

he purposes of this document, the following terms and definitions apply.

aerodynamic diameter
eter of a sphere of density 1 g/cm3 with the same terminal velocity dué-te gravitati;tnal force in

diam
calm

[SOU

3.2

amb
samyj
sour

3.3

bulk
actud
throt

3.4
bulk
actu

mean of the diluted sample gas temperature measured at the entrance and exit of the aging

3.5
cond

air as the particle, under prevailing conditions of temperature, pressure-and relative

RCE: ISO 23210:2009,13 3.1.1]

jent air sample
le collected for quality assurance purposes by drawingdunfiltered ambient air at th
Ce sampling location through the sampling media

mean gas residence time
1l sample volume flow rate taken at the actyal bulk mean temperature of the sample
1gh the aging section

mean temperature
al bulk mean temperature

ensable particulate-matter

particulate matter formed-at temperatures below 30 °C due to physical and/or chemical pr

3.6

constant flow rate-sampling

with

Note
parti

Hrawal of-a'sample from the flue gas at a fixed flow rate through the sampling nozzle

1 to enpry: Withdrawal of a sample is chosen at a fixed flow rate to achieve the appropriate cut
Cles in the sampling cyclones and 80 % to120 % isokinetic sampling conditions.

umidity

b stationary

gas flowing

chamber

pcesses

Hiameters for

3.7

cut-off diameter
aerodynamic diameter where the separation efficiency is 50 %

[SOURCE: ISO 23210:2009,13 3.1.2, modified — “of the impactor stage” deleted]

3.8

diluted stack gas
combined stack gas sample and dilution air, after mixing

39

dilution air
ambient air that is filtered to remove solid particulate and organic compounds before mixing with a
stack gas sample in a dilution sampling system

© ISO

2013 - All rights reserved


https://standardsiso.com/api/?name=4a4ca8464ec7f2df6cd67ee6b140b7c3

ISO 25597

3.10

:2013(E)

dilution factor

DF

one plus dilution ratio

Note 1 to entry: The product of dilution factor and filter sample PM concentration is equal to the in-stack PM
concentration.

3.11

dilution ratio

DR
ratio of the

rate

through the
Note 1 to ent

3.12

dilution sa
sampling e
mixing and

3.13
dilution sy
quality assy

q1:1l

dilution air flov rata thronah o Ailntion cuctam ta tha undiliitad ctacle gac caranla flovg
e o R oW e te e S a6t e - Sy Sttt Hhahtte aStaa S35 5SaHPpre-+1ov

system
Fy: Determined by direct flow measurement or tracer method (ISO 8178-1).
pling system

ipment that dilutes stationary source stack gases with filtered ambient/air to simulat
cooling processes in a stack plume

tem blank
rance sample collected by assembling the dilution sampling equipment at the statig

source sampling location and then drawing only dilution air through the dilution system and sam

media

3.14

field blank
sample collg
stationary s

Note 1 to ent

3.15
F-factor

cted for quality assurance purposes by assembling the dilution sampling equipment 3
purce sampling location, performing a leak check, and then disassembling the equipmg

Fy: No stack gas sample passes through-the equipment.

ratio of combustion gas volume to leat input determined from fuel composition using combu

calculations

3.16
filter holde|
filter holder]

3.17
filtration td
temperaturg

[SOURCE: IS
3.18

Ir assembly
or cassette that/contains the filter media for collecting particulate samples

mperature
e ofthé diluted sample gas immediately downstream of the filter

e the

nary
pling

t the
ent

stion

L |

2444 . 90NND D7) ] ] « ] FRDNE 1) PR ki |
4171.4UU4, O.4, HIUUITICTU — UITULCTU IIISTITCU]|

flue gas sample
flue gas, extracted from a duct or stack of a stationary source, before dilution, in the application of the

method

3.19

isokinetic sampling
sampling at a flow rate such that the velocity and direction of the gas entering the sampling nozzle (vy)
are the same as that of the gas in the duct at the sampling point (vs)

[SOURCE: IS

0 12141:2002, 3.5]
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3.20

laboratory blank

conditioned, unsampled filter used to determine any mass change between pre- and post-sampling
weighings due to contamination occurring during the sampling

3.21
PM
particulate matter including PM3 5, PM1p, and/or total suspended particulate matter

3.22

diameter

[SOURCE: ISO 23210:2009,13 3.1.4]
Note [l to entry: PM3 5 corresponds to the “thoracic convention” as defined in ISO 7708;1995, 6.

3.23
PMi¢
particles which pass through a size-selective inlet with a 50 % efficieney cut-off at 10 pm derodynamic
diameter

Note [l to entry: PM1g corresponds to the “thoracic convention” as defined in ISO 7708:1995, 7.1.

3.24
coefficient of variation
stanglard deviation divided by the mean

Note [l to entry: The coefficient of variation is commonly reported as a percentage.
[SOURCE: ISO 3534-1:2006,14 2.38]

3.25
sampling point
specific position in a source vent at which a sample is extracted

3.26
standard pressure
absolute pressure at standard conditions

3.27
standard tempetatture
absolute temperdture at standard conditions

3.28
ultrafine particulate matter
particulate matter with an aerod

3.29

volatile organic compound

vocC

organic compound present with a vapour pressure below its saturated vapour pressure at ambient air
pressure and temperature

3.30

weighing control procedure

quality control procedure utilized for detecting or correcting apparent mass variations due to climatic
or environmental changes between pre- and post-sampling weighing series

© IS0 2013 - All rights reserved 5
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4 Symbols and abbreviated terms

dscm
dscmm
A

Bt

Bws

Ps
qvs

Ts

tn

tr

Ltr

t1

Ve
Vm,std

Vs

dry standard cubic metre

dry standard cubic metre per minute

area of stack or duct at the sampling location (m2)
average blockage factor

moisture fraction of flue gas

Cunningham correction factor for particle diameter calculated using actual stack gas,tem-
perature

Pitot tube coefficient for tube attached to sampling apparatus

Pitot tube coefficient for Pitot tube used in the preliminary traverse

inner diameter of sampling nozzle mounted on PM1q cyclone (cm)
particle cut diameter (um)

high-efficiency particulate air

Pitot tube equation constant [(m/s)/(g/mol K)]

unit conversion constant

molecular mass of dry gas (g/mol)

molecular mass of stack gas

molecular mass of wet gas (g/mal)

number of iterative steps

number of sample pairs

absolute stack gas'pressure (Pa)

sampling rate.for PM1g cyclone necessary to achieve specified D5g (acmm)
absolute'stack gas temperature (K)

Student factor for a 95 % confidence and the degrees of freedomn - 1

sampling time at point n (min)

total projected run time (min)

total run time (min)

sampling time at point 1 (min)

volume of water captured in impingers and silica gel (ml)

dry gas meter volume sampled, corrected to standard conditions (dscm)

average stack gas velocity in the same cross-sectional plane as the stack gas sample meas-
urements (m/s)

© ISO 2013 - All rights reserved
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Vi,std volume of water vapour (scm)

Vn sample gas velocity in the nozzle (m/s)

AH pressure drop across the orifice meter

Ap Pitot tube velocity pressure differential

Apm measured velocity pressure

App velocity pressure differential point n during the test run
Aps1 velocity pressure adjusted for combined cyclone Pitot tube
Aps2 velocity pressure corrected for blockage

Apq velocity pressure differential measured at point 1

(\/Zp_)avg average of square roots of the velocity pressure differentials measured during the prelim-

inary traverse
B1 0,027 754 for metric units
n gas viscosity (uPa)
a 1uP=0,1pPas

5 Principle
5.1 | Method using sampling cyclones

5.1.1 Sampling cyclones

To d¢termine filterable particulafe matter size fractions, PMz 5 and PM1y, a sample is extrgcted from a
statipnary stack at a predetermined constant flow rate through an in-stack PMj¢ and a cyclone PM3 s.
The first cyclone separates particles with nominal aerodynamic diameters of 10 um and the following
cycldne, particles with nominal diameters of 2,5 um. Sampling is conducted isokinetically,at sampling
points on the sampling.cross-section determined according to ISO 9096. After sampling, the PM1¢p and
PM; F concentrationsare determined by gravimetric analysis and the measured sampling volume. A
sumination of the’tivo concentrations can provide a measure of the total suspended parti¢ulate in the
flue gas. The baSie'sampling system is shown in Figure 1.

NOT [n\cértain emission sources, e.g. gas-fired units, the use of the PM1¢ cyclone is optional.

51 Theory of cyclones

Cyclones are devices designed to impart centrifugal force on the gas stream in a conical shaped chamber
to use inertia for the removal of particles form the gas stream. The incoming gas stream is forced into a
circular motion as it passes down the cyclone. At the bottom of the cyclone, the gas spirals up through
the centre tube and out at the top. Particles in the gas stream area force to the wall by the centrifugal
force but retarded by the drag of the gas stream. Larger particles with larger inertia overcome the drag
forces and deposition on the cyclone walls. Smaller particles follow the gas flow stream and exit the
cyclone. The collection efficiency for specific particle size range is dependent upon the cyclone design,
gas density, and the flow rate of the gas through the cyclone.

© ISO 2013 - All rights reserved 7
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5.1.3 Isokinetic sampling

When PMjy is being determined, the sample should be withdrawn from the stack gas isokinetically.
Near-isokinetic sampling within 80 % to 120 % of the isokinetic sampling rate is allowed for PM; 5
sampling. Sampling that is “isokinetic” within the range 90 % to 115 % is required for PM19 sampling.

5.1.4 Method using sampling cyclones and sample dilution

To determine both filterable and condensable PM1p and PMj 5 the sample gas is rapidly mixed with
dilution air (Figure 2). The dilution system approximately simulates the dilution and cooling processes
that occur in the near field of a stack plume as it mixes with the atmosphere. These processes impact the
homogeneofis and heterogeneous nucleation of stack gas constituents. The diluted sample can th¢n be
analysed fo1f particulate matter or gases, depending upon the requirements of the test.

5.2 Schematic of the apparatus

5.2.1 Cyclone sampling system

Aschematiclofthe basic cyclone sampling systemis shownin Figure 1. Other arrarigements of compomnents
of the sampling system are acceptable as long as the criteria of 6.1 are met.

8
1 2 3 [ 10 1 12
DG I_I=:| -
6
7
9

Key
1 PMjg cydlone 5 heated probe 9 pump
2 PMg3s cyglone 6  Pitot tube 10  bypass valve
3  filter 7  temperature sensor 11  dry gas volume meter
4 stack/dyct wall 8 moisture removal system 12 flow rate meter

lTigure 1 — In-stack combined PM19 and PM3 5 cyclone basic sampling train

5.2.2 Dilution sampling system

A conceptual schematic of a dilution sampling system is shown in Figure 2. Other arrangements of
components of the sampling system are acceptable as long as the criteria of 6.2 are met.

In the dilution system, PM1g9 and/or PM3 5 cyclones are attached to the probe as in Figure 1. The sample
then passes into a mixing section of a dilution chamber where it is diluted with dilution air. After
dilution, the aerosols are aged in the aging zone for a minimum residence time of 10 s. The aged gas is
then pulled through a secondary PM3 5 cyclone a single stage PTFE membrane filter or equivalent and
the particulate matter and condensable collected subsequently measured gravimetrically.
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@: 3 L I o

ST15 11 1213 16
%6

21
Key
1 KMjg cyclone 8 dilution air-conditioning system 15\ bypass pump or fan
2 BMjy;5 cyclone 9 flow rate meter 16, © PM;5 cyclone
3  Reated probe 10 valve 17 filter
4  dtack/duct wall 11 distribution plane 18  other analytical monitoring equipment
5 Ritot tube 12 mixing zone 19  flow rate meter
6  temperature sensor 13 aerosol aging zone 20  valve
7  flow rate meter 14 bypass flow controller 21  pump

Figure 2 — In-stack PMjgand PM3 s cyclones with dilution sampling train

Stack gas flow rates required fordetermination of mass emissions are measured by a Pitot tiibe traverse
of the stack, fuel flow rates dnd F-factors, or equivalent method.

This|International Standard applies only to the measurement of the collected particulate matter by filter
masg measurement Using a gravimetric balance. It is also possible to use paper tape sampljng systems,
inertlial microbalanees or light scattering methods to quantify particulate matter levels. Hoyever, in the
application of these techniques, it is necessary to establish the relationship of the measurefl parameter
to the gravimetrically determined particle mass concentration. Establishing such relationsljips does not
comg¢ within.the scope of this International Standard.

Using @dditional equipment and sampling or analytical procedures not described in this method, the
collected particulate matter can be speciated for the determination of, for example, suliates, nitrites,
nitrates, as well as condensed hydrochloric and sulfuric acids. Also, the diluted stack sample can be
analysed to determine concentrations of SOz, NOy, ammonia, SO3, HCl or VOCs by applying ambient
air sample collection and analysis methods. It is necessary to use appropriate materials that do not
contaminate the sample for the species of interest for all sampler surfaces that contact the sample.

An important source of PM mass measurement bias is from the handling of the filters. Extreme care
should be taken during the loading and unloading of filters to ensure the filters do not fray or break. It is
highly recommended that the loading and unloading of the filter housings be performed in a laboratory,
rather than at the testing location. Personnel loading and unloading filter housings should wear gloves
that are antistatic and powder-free when handling filters. Smooth, non-serrated forceps should be used
when handling filters. The forceps should be used for this purpose only, cleaned with alcohol and lint-
free wipes, and air dried prior to use.

© ISO 2013 - All rights reserved 9
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Particle losses on surfaces include particle deposition on the sampling probe that tend to be the highest
of all losses. Particles can deposit on surfaces of the sample probe of both the basic and dilution systems
and thus may notbe collected on the sampling media. Particle losses can also occur in the dilution sampler
due to a combination of factors, e.g. thermophoretic losses in the sampling probe, and electrostatic,
inertial, and diffusional losses in the sampler and tubing connecting sampling media to the sampler.

Improper design or use of a dilution sampler can cause the deposition of particulate matter on the
surfaces in contact with the undiluted stack gas sample. Recover, analyse, and include in the total PM3 5
and PMq results any deposits on these sampler components. Earthed electrically conductive surfaces
can minimize electrostatic losses. Maintaining the sample probe at a temperature at or slightly above
the stack gas temperature may minimize thermophoretic losses. Also, sharp changes in flow direction
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determined
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growth frorrnt
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maintained.

olded to minimize 1mertial losses.

| the diluted stack gas sample, e.g. the mixing section and residence time section,/have
to be 3 % or less of total PM; 5 and PM1g based on assessment results withomonodis
herefore, dilution samplers designed to minimize particle deposits on¢hiese compo
pable of achieving equivalent performance.

I content can impact ambient aerosol size distribution. At ambientvelative humidity
70 %, particle growth due to accumulation of moisture becomes significant. Particlg
moisture condensation can bias PM measurements if agglomerated particles grow to :
b the target size (2,5 pm or 10 pm aerodynamic diameter)iahd are removed by the dil

low 70 % to maintain particle growth conditions.

can be altered during sample storage and shipping, if appropriate conditions ar¢
For example, organic and nitrate compounds,on filters may volatilize if the sample

stored at tenperatures higher than the sample collectign temperature contributing to negative b

the filter ma3
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ment and materials

6.1 Cyclone sampling system

!

" sampler design, deposits of particulate matter on the surfaces of a dilution.§ampler in
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erse
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(RH)

size
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stem prior to the sampling media. Therefore, keep the humidity of the diluted sajmple

b not
5 are
as in

6.1.1 Detqils of sampling cyclones and sampling train. Figure 1 shows details of the combined

sampling cy
shows the
condensabld

The determ

Clones and samplingtrain used in the determination of filterable particulate matter. Fig]
letails of the dilution sampling train used for the determination of both filterablg
particulate matter.

nation of"\PM1p and PM3 5 concentrations using the cyclone sampling system, divide

filterable pdrticulatesmatter into three fractions:

— particle

s with aerodynamic diameter greater than 10 um (first cyclone);

ure 2
and

s the

— particle
— particle

NOTE

s with aerodynamic diameters between 10 pm and 2,5 pm (second cyclone);

s with aerodynamic diameters smaller than 2,5 um (backup filter).

cyclones is optional, if the size of the particles in the flue gas is sufficiently low.

The cyclones can be used either in a cascade arrangement or separately. The use of the PM1g or PM3 5

6.1.2 Nozzle. Stainless steel [316 or equivalent or stainless steel coated with poly(tetrafluoroethylene)
(PTFE)] to provide for near isokinetic sampling (80 % to 120 % isokinetic). With a sharp, tapered leading
edge. Nozzles sizes are to be appropriate to achieve sampling rates between 80 % to 120 % isokinetic
sampling at each sampling point.
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6.1.3 Sampling cyclones. Use electropolished, stainless steel sampling cyclones with Dsg values of
2,5 um and 10 pm. Annex A provides examples of suitable designs. Other cyclone designs are acceptable,
if they meet the criteria given in the efficiency curves of Figures B.1 and B.2.

NOTE The threads of the cyclones can gall or seize at temperatures exceeding 260 °C. Cyclones constructed
of speciality metals, such as inconel, can be necessary at higher temperatures.

Inconel is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.

Depending on the test objectives, PM1p and or PM3 5 cyclones may be used to withdraw the sample
from_the flue gas. The in-stack cyclones shall be constructed of electropolished stainless steel (316

or e
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6.1.4
detel

appr
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uivalent) and operated to achieve a 50 % cut-off diameter of 2,5 pum and/or 10 pm
encies are given in B.3.

Filter holder (filterable PM sampling train). An in-stack 316 stainless)steel or |
ess steel filter holder to support either a 24 mm, 47 mm or 63 mm diametep filter. The
cigned to contain a PTFE O-ring, a stainless steel filter support screen, and’a final PTFH
is attached to the outlet of the PM; 5 cyclone.

Sample transfer line options. Use transfer lines with a dianieter greater than or
e diameter, but no more than 13 mm. Avoid sharp changes.id flow direction in order
ial losses. The probe extension should be glass-lined or PTEE,and be as short as possible
fer line is to be insulated and heated to a minimum wall temperature equal to the source
he water dew point, but no greater than 315 °C.

PTFE is not suitable for sampling of coal fly ash due to electrical charge accumulated o
Fial causing attraction to the PTFE walls.

Pitot tube. An S-type Pitot tube made-of heat-resistant tubing is attached to the prob
mine the value of the flue gas velocity, v, at each sampling point. This value is used to
ppriate sampling rate for the test eqipment at the sampling point. See ISO 10780 for de

Temperature-sensing dévice. Use a Pt 100 resistance thermometer or other
ng device that has a maximum uncertainty of +1 °C.

Dilution sampling System

Dilution rdties. In the dilution sampling system, humidified air, filtered to remove fin
b1, is used te,dilute the sample gas.

Hilution-ratio shall be at least 20:1. Higher dilution ratios can be required to maintain

Separation

PTFE-coated
filter holder
O-ring. The

equal to the
to minimize
The sample
femperature

n particulate

e in order to
ralculate the
sign criteria.

femperature

e particulate

the particle

temperature at 42 °C or lower. The lowest dilution ratio commensurate with achieving the filter

temp

etature limitation should be used under these circumstances. When the stack gas ter

nperature is

very

high, it may be necessary to coot the ditution air and/or filter holderassembly to achi

ve the filter

temperature limitation. When the ambient air temperature is very low, it may be necessary to heat the
dilution air to maintain the filter temperature near 42 °C.

The diluted sample RH shall not to exceed 70 % because higher levels can significantly affect particle
mass and size distribution within the dilution sampling system and thereby change the nucleation,
condensation, and accumulation processes.

6.2.2 Dilution air high-efficiency particulate air filter (dilution sampling train), designed for air
flows to give dilution ratios of at least 20:1. Use HEPA filters with a minimum filtering efficiency 099,97 %
when tested with an aerosol of 0,3 um diameter.

A known limitation of this method concerns the presence of particles in the dilution air at very low
concentrations, contributing to measurement background. This may be significant for certain very clean
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sources such as gas-fired power plants. Dilution air system blanks are necessary when sampling sources
with anticipated PM3 5 or PM19 mass concentrations approximately less than or equal to 1,0 mg/m3.

A dilution air-activated carbon bed or filter, designed for air flows to give dilution ratios of at least 20:1,
is recommended if samples for analysis of organic compounds are to be collected or if ambient air has
high VOC concentrations.

A dilution air dehumidifier, designed for air flows to give dilution ratios of at least 20:1 and diluted gas
humidity less than 70 % at temperatures equal to or less than 42 °C, may optionally be used.

A dilution air heater or cooler, designed for air flows to give dilution ratios of at least 20:1 and dilution
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6.2.4 Dilution sampling train — sampling system characteristics.

6.2.4.1 Aerosol aging zone — residence time. The aging zone of the dilution sampler shall have a
minimum bulk mean gas residence time 10 s after the raw stack gas sample and dilution air are fully
mixed.

The gas is assumed to be fully mixed when the coefficient of variation of the sample gas concentration in
the diluted sample at cross-sectional plane at the entrance to the aging section is less than 10 % of the
mean concentration.

This may be determined by spiking the raw sample gas with a tracer gas such as CO, or methane, and
measuring the tracer gas concentration at a minimum of 12 points, six points each on two orthogonal
axes in the cross-sectional plane at the entrance to the aging section. The mean and coefficient of
variation of the measurements are then calculated from the results.
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The purpose of aging after dilution is to provide sufficient time for vapour phase species to diffuse to
the surfaces of existing particles and condense. The minimum residence time required for this to occur,
and therefore to achieve robust particulate mass results, is inversely proportional to the concentrations
of particles and condensable vapours present in the sample. See ISO 80000-9[12] for changing mg/m3 to
ISO acceptable units.

a) For sources with particle concentrations of 0,1 mg/m3 and lower, the minimum residence time is
10 s (see Referencel4]). This includes sources such as gas-fired combustion sources (boilers, process
heaters, steam generators). Such sources typically have extremely low concentrations of both
particles and vapours.

b) srestdence-time-ishotconsidereddetrimentat-tome ; ove minimum
residence time is 10 s, unless it is demonstrated that shorter residence times are ‘sufficient. The
minimum residence times for specific source types may deviate from those givenyabgve provided

that the performance equivalent to 10 s residence time is demonstrated.

Equiyalency is demonstrated by conducting tests with paired samplers and gofiducting nine test runs

conclirrently (total 18 samples). One sampler with a 10 s residence time(is-compared W
having a different residence time at which equivalency is desired. The(sample probe tip
2,5 cm from the outside edges of each other. The samples from each sanipler should be sto
unddr identical storage conditions until laboratory analysis. All of thé.samples shall be ana
one yeek of sample collection. The bias is tested for statistical Sighificance by calculatin
t-test statistic. If the calculated t-value is less than the critical value at the 95 % confidence l¢
is not statistically significant and the alternative residence time is acceptable.

6.2.4.2 Cyclone. After the sample is diluted and agedyuse another PM; 5 cyclone designe
to the dimensions in Figure A.2 to collect a PM3 5 sample from the residence time chamber. ]
throyigh the cyclone(s) shall be sufficient to provideflow to the sample filter and other sampl

rith another
s should be
ed together
ysed within
b the paired
bvel, the bias

d according
he flow rate
b media. The

cycldne used in the residence time chamber may.be constructed of PTFE, for further characterization of
particulate materials.

PM3 | cyclones may be used to withdraw(the diluted and aged sample from the residence tiI1e chamber.

NOTH These cyclones are in additiolr to the in-stack sampling cyclones at the end of the prolje. The PM3 5
“condensables” cyclone is shown afterthe residence chamber in Figure 2. PTFE cyclones can be usg¢d for further
chardcterization of particulate materials.

6.2.4.3 Flowrate through'the cyclone(s) shall be sufficient to provide flow to the sample filfer and other
sample media. The cyelone shall be constructed of electropolished stainless steel (316 or eqyivalent) and
shalllbe operated to-achieve a 50 % cut-off diameter of 10 pm and/or 2,5 pm (Figures A.1 and A.2).

6.2.4.4 Transfer line. The transfer line(s) from the cyclone(s) shall be designed to njinimize PM
depdsition fgradual bends if any), constructed of electrically conductive material (stainless|steel tube is
recommeénded) that does not react with gas constituents, and shall be electrically earthed. [[he transfer
line may) be heated to no more than 42 °C before stack gas is introduced to the chamber containing the
filter packs and may be insulated. The transier line 1s to be as short as possible, with a maximum length of
1,02 m.

NOTE
material.

PTFE is not suitable for sampling of coal fly ash due to electric charges accumulated on the particulate

6.2.4.5 Filter cassette assembly (gravimetric analysis method), constructed of 302, 303 or 304
stainless steel, polycarbonate or acrylonitrile-butadiene-styrene (ABS) resin with a minimum 47 mm
stain area. A combination of these materials may also be used. Recommended loading of stain area: 0,5 mg
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on 47 mm filter; 1,3 mg on 70 mm filter; 2,3 mg on 90 mm filter; 3,6 mg on 100 mm filter. The filter packs
may be heated or insulated to maintain a maximum filter temperature of 42 °C.

The filter holder assembly design shall avoid sample losses that have a significant adverse effect on
systematic and random test result variations.

The entrance to the filter holder shall be designed using sound engineering judgment and leak-free
construction, to an inside diameter no smaller than 0,85 cm, maintaining the 12,5° angle from the
inlet of the top filter holder to the area near the sealing surface of the top of the filter cartridge
assembly. Variations using sound engineering design are also acceptable provided that they provide
even flow distribution across the filter media and a similar leak-free seal with the filter cartridge
assembly:

A beveljintroduced on the inside diameter of the entrance to the filter cartridge, is also aceeptpble.

Containers shall protect the cassette and prevent it from moving within the cofitainer dyiring
transpgrt. Containers should be fabricated from materials that have been demfenstrated niot to
cause a|static charge buildup. To avoid losses of particulate matter, do not allow'the surface gf the
filter to| touch any interior surfaces of the protective container. Containergshould be marked for
identifi¢ation purposes.

An insuated shipping container should be used if the time between the.end of the sampling and the
conditigning of the filter is expected to be longer than 24 h or if the:Ambient temperature is higher
than 40 °C. An insulated shipping container, capable of maintaifiing a temperature below 25 pC, is
needed [to transport the filter cassette containers between thefield and laboratory after sampling.
The sample cassette temperature should be monitored from‘the time of collection until the szinple
is equilibrated (i.e. during shipping and handling).

6.2.4.6 Sample flow measurements. Determine the-saniple gas flow with a flow measurement device

accurate to at least +4 %.

6.3 Analytical balance

6.3.1 Pre¢ision. 95 % confidence uncertainty bounds: 5 pg for filter diameter less than or eqyal to

70 mm; 50 g for filter diameter greaterythan 70 mm.
6.3.2 Resolution. Filter size <70 mm: 1 pg. Filter size 270 mm: 10 pg.

6.3.3 Location of the balance shall be as follows.

Locate the micrpbalance on a sufficiently level, sturdy, vibration-free base (ideally, a level, stone
weighinlg table)jaway from any equipment that produces vibrations, out of direct sunlight{ and
away frpm Jocal heating or cooling sources such as open flames, hot plates, water baths, ventilption
ducts, windows, and heat-producing lamps.

Locate the balance in the same climate-controlled environment in which the filters are conditioned.
Use temperature and humidity controls and meters to maintain and monitor the conditions within
the filter conditioning and weighing room environment. The mean temperature of the weighing
chamber should be maintained between 20 °C and 23 °C, with a variability of not more than +2 °C
over 24 h and the mean RH should be maintained between 45 % and 55 %, with a variability of not
more than £5 % over 24 h.

6.3.4 Electrostatic effects and/or static charge effects should be prevented as follows:

14

electrically earth the analytical balance to prevent electrostatic effects;

eliminate or minimize static charge effects by using a polonium-210 static charge neutralizer or
device.
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It may be necessary to place a polonium-210 neutralizer or other similar device in the weighing chamber
to prevent electrostatic charge buildup. It may also be necessary to pass each filter near, but not touching,
an antistatic strip before it is weighed. Charge neutralization times may need to be longer than 60 s for
sampling situations in which:

a) ahigh amount of charge has developed on collected particles due to their origin; or

b) the particle loading on a filter is large.

Electrostatic charge buildup becomes greater as the air becomes drier. 60 s charge neutralization may
be sufficient in ambient indoor air conditioned to 37 % RH and 23 °C but not in 20 % RH and 23 °C in

arid
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The longer neutralization period may have to be performed inside the weighing cha
nd small chamber used only for charge neutralization. The effectiveness of charge'nd
be measured by making multiple weighings in conjunction with passing the filter ove
ralizer between successive readings until the weighing reading is stabilized:

Calibration. Calibrate the analytical balance at least annually using certified tra
ence standards. In addition, use working standards to verify the calibkation of the analy
e each use. Verify the working standards every three months ‘to-six months again
atory primary standards.

t mass reference standards so that they are in the expected mass range for clean
s and exposed filters. They should be certified as beingtraceable to laboratory primar
Fionally, they should have an individual tolerance of ngymore than 0,025 mg.

Reagents and materials
nly reagents of recognized analytical grade; unless otherwise specified.
Water, unless otherwise specified,tise type Il reagent water.

Acetone, with less than 0,001.% residue, in glass bottles. Acetone supplied in metd
acceptable due to the prevalently high residue levels. Reject the acetone if blank res
1 % of the total acetone-mass.

Silica gel. Filterable particulate sampling train (Figure 1). Use an indicating-type si
to 16 mesh. Allow the silica gel to dry for 2 h at 175 °C if it is being reused.

Tissue papers, low-linting, non-abrasive.

Towels.

mber or in a
utralization
r the charge

reable mass
tical balance
st traceable

unexposed
y standards.

I containers
due mass is

lica gel of 6

7.6

7.7

7.8

7.9

7.10

Brushes, to clean sample probes and lines.
PTFE tape.

Wash bottles, PTFE, or equivalent.
Shipping containers.

Gloves, insulated, heat-resistant.

7.11 Forceps, smooth, non-serrated, specifically dedicated to the task of handling filters, when handling
the filters. Clean forceps using alcohol and lint-free wipes and allow to air dry before handling any filters.
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7.12 Filter

7.12.1 Size

:2013(E)

specifications.

, circular, 47 mm diameter or greater (with support ring).

7.12.2 Medium, borosilicate microfibres reinforced with woven glass cloth and bonded with PTFE.

7.12.3 Support ring, polymethylpentene (PMP) or equivalent inert material.

Check the support ring diameter for consistency. Variations in diameter affect the filter exposure area,
which, in turn, affects any operations that involve use of a portion of the filter.

7.12.4 Thig

7.12.5 Maximum pressure drop (clean filter), 2,94 kPa (30 cm) H20 column at 16,67-1 /min cled

flow.

kness, 30 um to 50 pm.

7.12.6 Maximum moisture pickup, no more than 10 pg mass increase after a'24 h exposure to

40 % RH, re

7.12.7 Coll

ative to the mass after a 24 h exposure to air at 35 % RH.

pction efficiency, greater than 99,95 %, as measured by-using dioctyl phthalate (

spheres with 0,3 um particles at the operating face velocity of the sampler.

The manufa

7.12.8 Filtér mass stability, including test for loose, surface-particle contamination and teg

temperaturg

Filter mass
7.12.9 Alka:

7.12.10
against a lig

Although n
Internationd
intend to sy
specificatio]
that may be

7.13 Perso

cturer’s quality control test data are sufficient for validation of efficiency.

stability.

oss <20 pg in either test.
1linity, less than 25 micro equivalents per gram of filter.

Irregularities, check the filters for irregularities, flaws, or pinholes by holding the
Nt source.

pt required for determination of PMjy5s mass concentration in accordance with
1 Standard, additional specifications for the filter should be developed by users
bject archived-RMz3 s filter samples to subsequent chemical analysis. These supplem
1s include background chemical contamination of the filter and any other filter param
required.bythe chemical analysis method.

nal protective equipment, as needed.

n air
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8 Pre-sampling, filter conditioning, and weighing procedures

8.1 Gene

8.1.1 Pur

ral aspects

pose of sampling

Before carrying outany measurements, discuss the purpose of the sampling and the sampling procedures
with the plant personnel concerned. The nature of the plant process, for example, steady-state or cyclic,
can affect the sampling programme. If the process can be performed in a steady-state, it is important

that this sta
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te be maintained during sampling.
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8.1.2

ISO 25597:2013(E)

Scheduling

Agree, with the plant management, the dates, starting times, duration of survey, and sampling periods
as well as plant operating conditions during these periods.

8.1.3

Preliminary calculations

Make preliminary calculations on the basis of the expected particulate loading to determine the
appropriate nozzle size, sample rate, and sampling conditions. Preliminary sampling may be necessary.
Also determine whether the chosen nozzle size, sampling rate and sampling time result in sufficient
matter collected to obtain a sample filter mass at least five times the dilution system blank filter mass.

If sit¢-specific particulate concentration data are not available, use estimated values for total
PM3 , or PM1g concentrations using published emission factor estimates for controllédor y
emisgion sources.

If po
data
levelk.

8.2

8.2.1

Pre-s

8.2.2

Postysampling filter equilibration and storage is as follows.

© IS0 2013 - All rights reserved

bsible, use system blank results from previous tests using the same samplitig system. If]
are available, then select run times based on minimum detection limits, including

Gravimetric filter weighing procedures

Pre-sampling filter conditioning
ampling filter conditioning is as follows.

Verify that the filter weighing chamber mean R} has been maintained between 45 9
yith a variability of not more than +5 % ovet*24 h. Verify that the mean temperatu
Ietween 20 °C and 25 °C with a variability ofnot more than +2 °C over 24 h.

ecord the RH and temperature of the equilibration chamber on the laboratory data sh

Londition the filters for a minimmum period of 24 h and until mass changes betweel
yveighings are less than 6 pg for 47 mm filters.

Post-sampling filter-equilibration and storage

Equilibrate filters'for at least 24 h.

Weighing sheuld be completed within 240 h (10 d) after the end of sampling, unless|
aintained at 4 °C or below during the entire time between retrieval from the sampler
he conditioning, in which case the period shall not exceed 30 d.

particulate,
ncontrolled

no previous
background

o and 55 %,
re has been

eet.

1 successive

the filter is
and start of

fweighing was not completed within 240 h and the filters were to be maintained at 4 °(

asrequired

in the preceding during the time between retrieval from the sampler and start of the conditioning,
verify that the container has been continuously maintained at 4 °C or below using a min/max
thermometer or other suitable device placed in the container at the time of shipment or by inspecting
the cool packs to determine if they are still frozen or cold. If the temperature is between 4 °C and
25 °C, but is below the maximum temperature that was recorded during the filter sampling period,
assess the temperature and note other relevant information and evaluate the need to determine a
shorter analysis deadline for the sample(s).

Verify that the filter chamber mean RH has been maintained as specified in 8.2.1. Record the RH and
temperature of the equilibration chamber on the laboratory data sheet.

If the mean RH and/or temperature variation exceeds the specification in 8.2.1, repeat the
equilibration period.
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8.2.3 Gravimetric pre- and post-sampling filter weighing

8.2.3.1 Gravimetric pre- and post-sampling filter weighing is as follows.

— Before each weighing series, verify the balance calibration using standard masses. The masses of
the standards should bracket the masses of the filters being measured.

— Suitably mark the filter container and laboratory data form to identify each filter.

— Weigh the filter on a suitable balance. Both the pre- and post-sampling filter weighings should be
performed on the same analytical balance. Use smooth, non-serrated forceps to handle filters (see

8.2.3.2

o5 o o
HIIU ©6.4.0.0).

— Observ{

— Repeat

all weighing procedures. Perform all quality control (QC) checks.

eighing in accordance with weighing procedures described in the preceding.

— Weigh dt least two reference filters within 4 h of sample filter weighings. If theaverage mass ¢f the

referen

e filters changes between sample filter weighings by more than 5 %-of‘the recomme

minimujm filter loading, then flag the data and report the deviation in refefence filter masses.

8.2.3.2 Be
differences,
conditions,
Features to
the microba
to control eff

a) Selecta

is mainf
b) Locate {
with frd
c) If these
a stabil

cause of the greater sensitivity needed for measuring microgram-range masses or
microbalances are vulnerable to relatively small charges in physical environm
such as vibration, electrostatic charge buildup, temperature, atmospheric pressure, o

ances, or they may be offered as options. The following general guidelines should be foll
jvironmental factors that may affect microbalance performance:

room that can ensure the RH is maintained’between 45 % and 55 %, and the tempery
ained between 20 °C and 25 °C.

he microbalance away from potential sources of draughts such as doors, windows, 4
quent traffic, ventilation ducts, and:€quipment with fans or moving parts.

arrangements are not possible, isolate the microbalance from such equipment by pl

three pIints under the legs of the microbalance or under the stabilizing slab. Placing the pads at

threep

d) Ensure
accordi
ambient

8.2.3.3 Pa
measureme

ints eliminates any possible rocking associated with pads placed at four points.

Lhat the base of thesmicrobalance is sufficiently level to permit levelling of the microba

contaminafts-(such as dust) that could settle on filters during stabilization.

ssive_deposition of dust on sample filters prior to and following sampling can bia
ntsAMinimized this effect by loading and unloading filter housings in the laboratory y

controlled c

g to the mantfacturer’s instructions. The filter weighing chamber shall be free of

nded

mass
ental
- RH.

pffset the effect of these variables on the measurements:may be integrated into the design of

bwed

iture

1isles

hcing

zing slab under the microbalance and/or by placing composite vibration damping palds at

only

ance
any

5 PM
nder

paditions and the use of the prescribed filter cassettes. Gases may be collected on sampling

filters or on particles captured Dy the filter creating an artefact in the filter mass. Adsorption of organic
gases on quartz filters and/or the sample is a known artefact that can contribute to significant positive
bias in filter mass. The oxidation of acid gases (e.g. SO2, NO2) or retention of gaseous nitric acid on the
surface of the filter also can contribute to positive bias in filter mass. Minimize these effects by the use
of PTFE membrane filters that are less prone to gas adsorption than quartz fibre filters. Measurement
artefacts due to filter handling can be reduced or eliminated by using an inertial mass measurement
technique because filters are not handled during the mass measurement process.
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9.1

ISO 25597:2013(E)

Sampling procedures

Basic sampling method and dilution sampling method

Both the basic and dilution sampling systems incorporate the in-stack PM1p and PM3 5 sampling cyclones.
Procedures associated with the use of these cyclones are common to both sampling trains.

Sampling procedures specific to the basic sampling train are given in 9.4. Sampling procedures specific
to the dilution sampling system are given in 9.6.

9.2

Preppration procedure is as follows.

9.3

Thesle pre-test calculations are necessary:to select the appropriate sampling rate through
stacl cyclones.

d)

Prenaration
—repaiation

[lean (brush, rinse, and dry), calibrate, and check all the equipment before the first 1

4 thorough cleaning.

Prepare the filters to be weighed for each sample run. This includes:filters for the bla
ddditional filters to accommodate process and equipment malfunctions.

If using filters for the gravimetric measurement of particulate'mass prepare them acco
Perform the weighing procedures according to 8.2 and load the filters into the filter ca

Protect all the weighed filters and the other parts or‘equipment that come into cont
ample from contamination during transportatien-and storage. Store and transport
assettes in the filter cassette containers and insulated shipping containers.

PN

Pre-sampling measurements and calculations

gample at locations where(cyclonic flow is present.

Lalculate the probe/c¢yelone blockage. The cross-sectional diameter of the probe asse
Ibe 3 % or less of thé-cross-sectional area of the duct or stack at the sampling location. I
another samplinglocation.

Pre-samplingimeasurements. Determine the following:
1 stackigas temperature;

T pressure;

un of a new

flest. Exercise care not to reuse any part of a sampling train from a previous test programme without

hk tests and

rding to 8.2.
bsettes.

hct with the
oaded filter

the two in-

Determine the stack samplinglocation and traverse points as per criteria given in ISO 9096. Do not

mbly should
F not, choose

— moisture content;
— (€07 and 03 content in accordance with ISO 12039.

Average flue gas velocity:

— use an S-type Pitot tube with an attached Pt 100 platinum resistance thermometer or other

temperature sensor to conduct the traverse [ISO 10780];

— conduct the preliminary traverse as close as possible to the anticipated testing time if the
source exhibits hour-by-hour gas flow rate variations of +20 % or more and/or gas temperature

variations of more than +10 °C;

© IS0 2013 - All rights reserved
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9.4 Basidsampling system — sampling procedures

9.4.1 Assembly

— move the S-type Pitot tube to each traverse point and record the velocity pressures at each
point;

— calculate the mean preliminary flue gas velocity using Formula (1)

VS:KPCP(JKP)an|: s :l €y

psMg

where

Vs is the velocity of stack gas (m/s),

Kp is the Pitot tube equation constant [(m/s)/g/mol K)],

(p is the Pitot tube coefficient for the as attached to the cyclone probe,

Ap is the Pitot tube velocity pressure differential,
Ts is the absolute stack gas temperature (K),

s is the absolute stack gas pressure (Pa),

Ws is the molecular mass of stack gas;

— use|this information to select the appropriate nozzle, Fornula (2)

3,0p5 0>
X
D= {’_3 Qs } (2)
VS
where
D is the inner diameter of sampling nozzle mounted on PM1g cyclone (cm),

qvs is the sampling rate for PM4{( cyclone necessary to achieve specified Dsg (acmm),

¥s is the velocity of stack'gas (m/s).

Assemble the basic sampling system in an area free of potential contaminants. A schematic of the

sampling trqin is shown in Figure 1.

a)

b)

20

Attach thepre-selected nozzle on to the main body of the PM1g cyclone using PTFE tape.

NOTE PTFE O-rings have a temperature limit of approximately 205 °C. Use cyclones with stainless steel
sealing rings when stack temperatures exceed 205 °C.

Do not contaminate the sampling train during preparation and assembly. Keep all openings where
contamination can occur covered until just prior to assembly or until sampling is about to begin.
Keep the nozzle covered to protect it from nicks and scratches.

Attach the pre-selected filter holder to the end of the combined cyclone sampling head, with the
sampling filter placed in the holder. Condition and weigh the filter as specified in 8.2. Using forceps
and clean surgical gloves, place and centre, a labelled pre-weighed filter into the filter holder.
Properly place the filter holder gasket so that the sample gas stream does not circumvent the filter.
Check the filter for tears after the assembly is completed. Then screw the filter housing together to
seal the filter holder.

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=4a4ca8464ec7f2df6cd67ee6b140b7c3

ISO 25597:2013(E)

d) Attach the S-type Pitot tube to the combined cyclones after the sampling head is fully attached to
the end of the probe.

The Pitot tube tip shall be mounted slightly beyond the combined cyclone assembly and at least
25 mm from the cyclone nozzle. When calibrating the Pitot tube to obtain the Cp value, calibrate the
tube as mounted on the sampling head.

e) Place one dry modified Greenburg-Smith impinger, followed by two modified Greenburg-Smith
impingers each containing 100 ml of distilled H30, followed by an impinger containing silica gel, in
the sampling train impinger box (Figure 1).

9.4.

9.4.2.1 Sampling train, pretest the entire sampling train for leaks.

The pretest leak check shall have a leak rate of not more than 2 % of the average.sample floy
test fun (whichever is less). Additionally, conduct the leak check at a vacuum equal to or grez:

vacu

9.4.2.2 Pitot tube assembly, after leak checking the sample train, leak check the Pitot tub
9.4.3 Sampling head preparation

9.4.3.1 Combined sampling head

Prehpat the combined sampling head to the stack temperature of the gas stream at the f{

(x10

Recojrd the site atmospheric pressure and stack'pressure.

9.4.3.2 Unsaturated stacks

Complete a passive warm up before sampling, to avoid internal condensation of the probe

thes

NOTH Unsaturated stacks'dd not have entrained droplets and operate at temperatures above
of theg stack gas.

9.4.3.3 Shortened\warm-up for unsaturated stacks

The warm-up timie can be shortened by thermostated heating of the filter outside of the sta
a hedt gun oroven).

After preheating the sample head outside of the stack, insert it into the stack and allow the t
to equilibrate.

LeaK checkK

lm anticipated during the test run.

°C) to prevent flue gas moisture from condensing in the head.

tack for 30 min to 40 min.

v during the
ter than the

e assembly.

est location

head within

he dew point

k (e.g. using

emperature

9.4.4 Sampling and sampling train operation

9.4.4.1 Portholes

Clean the portholes prior to the test run to minimize the chance of collecting non-representative flue gas
particulate matter.

9.4.4.2 Traverse points

Dete

rmine the minimum number of traverse points as per ISO 9096.

If it can be shown that the mean particle size is less than 5 um, single point sampling is allowed.

© IS0 2013 - All rights reserved
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9.4.4.3 Traverse point sampling time

Determine the minimum total projected sampling time (t) necessary to collect sufficient particulate
matter to achieve the data quality objectives.

9.4.4.4 Sampling time

Calculate the sampling time (t,) at each sampling point to ensure that a velocity weighted average is
obtained over all of the traverse points.

Vary the sampling time at each traverse point proportionately with the velocity at each traverse point.

Using the dgtafronrthe pretimmimary traverse; talcutate the sampting time at the firstsamptimg point.

A t
by =| ek [ } 3)
(\/ﬁp )avg th
where
t1 is the sampling time at point 1 (min);
Ap1 is the velocity pressure differential at point 1;
(\/;)av is the average of square roots of the velocity pressurgedifferentials measured during
P)2  the preliminary traverse;
tr is the total projected run time (min);
Nyp is the number of iterative steps.

After obtaining the value for ¢4, for each succeeding traverse point, use the actual Ap value at that point
to obtain the subsequent sampling time at point n asfollows:

A
th=t1 [\/\/g} (4)

where
tn is[the sampling time at\p6int n (min);
t1 isthe sampling time at point 1 (min);
App islthe velocity’pressure differential at point n;
Ap1 islthe velocity pressure differential at point 1.
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Adjust the preliminary velocity data for any differences in Pitot tube coefficients (Cp) between the Pitot
tube used for the preliminary traverse and the Pitot tube which is part of the cyclone sampling assembly.
Use Formula (5) for the adjustment:

2
C
Apsl :Apm [_Fj
Cp

where

Aps1

is the velocity pressure adjusted for combined cyclone Pitot tube;

Apm
(¢p

-

' P

Ductp or stacks with diameters between 0,5 m and 0,6 m have blockage'effects for the tyy

is the measured velocity pressure;
is the Pitot tube coefficient for tube attached to sampling apparatus;

is the Pitot tube coefficient for Pitot tube used in preliminary traverse:

(5)

ical cyclone

sampling probe. When conducting this method on small ducts, the observed velocity pressiuires shall be

adjugted using an estimated blockage factor whenever the sampling@apparatus blocks more

the stack or duct cross-section.

To cqrrect for blockage, compute the average probe blockage factor.

el

£=

where
By

A4

12

A

is the average blocking factor;

is the area of stack or duct atthe sampling location (cm?2).

The yelocity pressure Ap values ate then corrected as follows:

>

Ps2

wherte
Aps2
Aps1
B

is thewelocity pressure corrected for blockage;
is\the velocity pressure adjusted for combined cyclone Pitot tube;

is the average blocking factor.

9.4.4.5

Flow rate

Setting the sampling system flow rate. See Annex D.

9.4.4.6

Pre-check

than 3 % of

(6)

(7)

Verify that the filter and probe heating systems are at the proper temperature, remove the nozzle cap
and verify that the Pitot tube and probe are properly positioned.

9.4.4.7

First traverse point

Position the nozzle at the first traverse point with the tip pointing directly into the gas stream.

© IS0 2013 - All rights reserved
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Immediately start the sample pump and adjust the flow to the isokinetic sampling rate previously
calculated (qys). Maintain the flow rate throughout the run, provided that the stack temperature is
within 28 °C of the temperature used to calculate the sampling rate. If the stack temperature varies by
more than 28 °C, recalculate the sampling rate and adjust accordingly. Sample for the period calculated
in9.4.4.4.

NOTE If the stack static pressure is more negative than 1,2 kPa (12 cmH70), adjust the sample pump vacuum

to the calculated sample flow rate after performing the leak check and just prior to insertion to prevent back
pressure from rupturing the sample filter.

9.4.4.8 Stack traverse

Traverse th¢ stack cross-section at points specified by ISO 9096.

Do not bump the cyclone nozzle into the stack walls when sampling near the walls or when.removipg or
inserting the probe through the portholes. Do not leak check the sampling system during port changes.

9.4.4.9 Recording data

Record the initial dry gas meter reading and then take dry gas meter readings.at'the beginning and end
of samplingfat each traverse point, and when sampling is halted.

9.4.4.10 Box pressure drop across the orifice meter

Keep the box pressure drop across the orifice meter (AH) at the valuecalculated for the stack temperature
that is obseived during the test.

Record at the point-by-point data and other source test parameters.

9.4.4.11 Ending the sampling run
Maintain the flow through the sampling systemcatthe last sampling point.

Remove the[sampling train from the stack while it is still operating (running stop). Then stop the gump
and record the final dry gas meter reading. Remove the combined cyclone and filter assembly fromn the
port. Keep the sampling head level tolayoid tipping particulate matter from the cyclone coups intp the
filter assemply or downcomer tubing/After cooling, and when the probe can be safely handled, wipe off
all external purfaces near the cyclone nozzle and cap the inlet to the cyclone.

9.4.4.12 (Cyclone and filtéry)sampling head
Remove the[combined.¢yclone and filter sampling head from the probe.

Cap the outlet of the filter housing to prevent particulate matter from entering the assembly

9.4.4.13 Postleakcheek

After the sample head (combined cyclone and filter assembly) is removed from the stack, perform a post-
test leak check of the remainder of the sample train.

Conduct the leak check at a vacuum greater than or equal to the maximum vacuum achieved during
the test run. If the leak rate of the sampling train (without the combined sampling head) exceeds
0,000 57 m3/min or 4 % of the average sampling rate during the test run (whichever is less), the run is
invalid.

9.4.5 Total sample volume

Calculate and correct to standard conditions, the dry gas volume of the flue gas sample measured by the
dry gas meter of the sampling train. See E.5.
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9.4.6 Impinger recovery

Measure the liquid in the first impingers to within 1 ml using a clean graduated cylinder or by weighing
it to within 0,5 g using a balance. Record the volume of the liquid or mass of the liquid collected to
determine the moisture content of the flue gas.

If the water from the cold impinger used for moisture collection is weighed in the field, it can be discarded
after weighing. Otherwise, transfer the liquid into a clean sample bottle and mark the liquid level on the
bottle. Because the gain in mass is to be used for moisture calculations, do not use any water or other
liquids to transfer the silica gel. If the silica gel has been weighed in the field to measure water content,

it can be discarded.

Trangfer the silica gel to its original container and seal. Weigh the silica gel to within 0,5,
the i

9.4.7

Particulate matter is recovered quantitatively from the sampling cyclones, filter, and samp
a nylon or PTFE brush and acetone to recover particles from the sampling probe. Have a
separate containers and perform the following procedures for each container.

mpinger contents for condensable materials, leave the silica gel in the impinger farrec

Particulate matter recovery

filter holder into a Petri dish identified as container No. 1 Using a dry nylon bristle br
gharp-edged blade, carefully transfer to the Petri dish any particulate matter and/orj
that adhere to the filter holder gasket or filter support sereen. This container holds parti
that were caught on the in-stack filter.

[ontainer No. 2 — Filterable particulate matter'>10 pum. Quantitatively recover the
matter from the PMjg cyclone cup. Brush andrtinse with acetone, the internal surface g
the internal surface of the cyclone, and the-gutside surface of the nozzle downcomer. K4
ound on the outside of the cyclone and eyclone nozzle external surfaces, out of the samp
ﬂ)articulate matter into container No,2-Seal the container and mark the liquid level on t
the container. This container hold$\particulate matter >10 um in diameter.

[ontainer No. 3 — Filterableyparticulate matter >2,5 um and <10 pm in diameter. Qy
fecover particulate matter\frfom the PMj; 5 cyclone cup using a brush and acetone
finse with acetone the ¢y¢lone cup, the inside of the downcomer, and interior surface
particulate matter intoycontainer No. 3. Seal the container and mark the liquid level on|
This container holds‘particulate matter >2,5 pm and <10 pm in diameter.

Lontainer No, 4. Filterable particulate matter <2,5 pm from the exit tube of the PM3 5
front half of the filter holder. Quantitatively brush and rinse with acetone, the exit tube
¢yclone and'the front half of the filter holder in to container No. 4. This container hold
matterthat is <2,5 pm in diameter.

[ontainer No. 5 — Acetone rinse blank. Take 100 ml of the acetone directly from the

If analysing
bvery later.

le lines. Use
vailable five

[ontainer No. 1 — Filterable particulate matter <2,5 pm. Quantitatively remove the fiilfer from the

sh and/or a
filter fibres
cles <2,5 um

particulate
f the nozzle,
bep any dust
le. Rinse the
he outside of

jantitatively

Brush and
s. Rinse the
the outside.

cyclone and
of the PM3 5
particulate

wash bottle

Al | 1 ik g AL | il P ) Haodl i s 1.1 1
ustu 4t pidat T It 1T CUTILAIIITT INU. J, TdUTITITU dALTLULIT THIST UldlIlR.

9.5 Basic sampling system — analytical procedures

Determine the dry mass of particulate matter from the samples collected.

Container No. 1 — Filterable particulate matter <2,5 pm. Transfer the filter and any loose particulate

matter from the sample container to a tared glass weighing dish. Condition the filter

and sample

following the procedures given in 8.2. Weigh to a constant mass, and report the results to the
nearest 0,1 mg. For the purposes of this subclause, the term “constant mass” means a difference of
no more than 0,5 mg or 1 % of the total mass less the tare mass, whichever is greater, between two

consecutive weighings. Consecutive weighings should be no less than 6 h apart.
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— Container No. 2 — Filterable particulate matter >10 pm. Separately treat the sample in this container
in a similar fashion to that in container No. 1.

— Container No. 3 — Filterable particulate matter >2,5 pm and <10 um in diameter. Separately treat
the sample in this container in a similar fashion to that in container No. 1.

— Container No. 4 — Filterable particulate matter <2,5 um from the exit tube of the PM3 5 cyclone and
front half of the filter holder. Note the level of liquid in the container, and confirm whether leakage
occurred during transport. If leakage occurred, either void the sample or correct the final results.
Quantitatively transfer the contents of the container to a tared 250 ml beaker and evaporate to
dryness at ambient temperature and pressure. Condition the sample as per procedures given in 8.2

3 arlad i i
and welgrto-a constant nass:

— Containler No. 5 — Acetone rinse blank. Transfer 100 ml of the acetone blank to a clean*250 ml
beaker.| Evaporate the acetone at room temperature and pressure to approximately 1 ml.
Quantitptively transfer the beaker contents to a 50 ml preweighed tin, and evaporate to dryngss at
room temperature and pressure. Condition the sample as per procedures given in'8.2 and weigh to
a constant mass.

— Sample frain impinger water. If the amount of water in the impingers has nétbeen determined in the
field, nqt the level of liquid in the container and determined if leakage @ccurred during transport.
If leakage occurred, void the sample. Measure the liquid in this container either volumetrically to
+1 ml of gravimetrically to 0,5 g.

The volume|of water vapour corrected to standard conditions is:

Vw,std =D,407 V¢ (8)

where
Vw,std |s the volume of water vapour (standardin3, scm);
Ve s the volume of water captured initnpingers and silica gel (ml).

and the moipture content of the flue gas is:

V
B —| W,Std (9)
e I:V m,std +Vw,std
where
Bws s the moistufe fraction of flue gas;

Vw,std |s the velume of water vapour (scm);

Vm,std Hry-gas meter volume sampled, corrected to standard conditions (dry standard m3, dsfm).

— Silica gel absorbent. If the mass of the silica gel has not been determined in the field, weigh the spent
silica gel (or silica gel plus impinger) to the nearest 0,5 g.

9.6 Dilution sampling system — sampling procedures

9.6.1 Dilution sampling system
The dilution sampling system is typically fitted with a PM2 5 cyclone, with backup filter (Figure 2)

located after the residence chamber. Other particle-measuring devices, not a part of this International
Standard, may be used either in place of or parallel to the cyclone for alternative measurements.
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9.6.2 Assembly leak check

Assemble the dilution sampling system (Figure 2) in an area free of potential contaminants. Immediately
before and after each testrun, check forleaksinthein-stack cyclone, sample probe,and sample flowmeter
assembly and in the entire dilution sampler assembly. If using tracer gas procedures to determine the
dilution ratio then only that portion of the sampling system upstream of the first tracer sensor location

shall

be leak checked.

9.6.2.1 Pre-testleak check, for components that normally operate under negative pressure.

It is important to avoid any leakage of ambient air or other sources of contamination into the sampling

Syste
stach
that
dilut
the ¢
Systq

9.6.2

Temporarily seal the in-stack cyclone sample nozzle and draw a yaéuum on the cyclone, s3

and s
the s
2 %
redu
aften
of th

9.6.2

Atta

Temporarily seal the cyclone samplenezzle, dilution air inlet, and diluted sample bypass.

vacu
the s
grea
the 1
flow
flow

flagged in the repopt.

9.6.2

Cond
rate.

m. Most systems withdraw stack gas sample by inducing tflow with a pump, in wh
[ gas sample in the components upstream of the pump is under negative pressure./AH
hormally operate under negative pressure shall be leak checked. For systems in'\whid
jon system operates under negative pressure, this leak check shall be performed in twq
robe and components that are in contact with the undiluted sample alone,-and secon
m.

.2 Pre-testleak check, undiluted sample components.

ample flowmeter assembly equal to the maximum vacuum-experienced during a run g
ample flow (leak) rate for a period of approximately 5 miin."If the pre-run leak rate is
pf the target sample flow rate determined in D.4, identify the source of the leak and
Ce it until the leak rate is equal to or less than 2 % o6f'the target sample flow rate. If {
the test run is greater than 2 % of the actual average sample flow rate during the run
ht run may not be valid and shall be flagged in the report.

.3 Pre-testleak check, entire system.

h the in-stack cyclone, sample probe; and sample flowmeter assembly to the dilut

Lim on the entire assembly equal+to the maximum vacuum experienced during a run 3
ample flow (leak) rate for a period of approximately 5 min. If the leak rate before th
er than 2 % of the total(flow through the dilution chamber during a run, then the
pak(s) shall be identified dnd eliminated until the leak rate is equal to or less than 2 9
through the dilution_chamber. If the leak rate after the test run is greater than 2 %
through the dilution/chamber during the run, the results of that run may not be valid

4 Pitottube traverse

uct alstack gas Pitot tube traverse per ISO 10780 for determination of stack gas velod

ich case the
components
h the entire
steps: first,
d the entire

mple probe,
nd measure
breater than
pliminate or
he leak rate
, the results

on sampler.
[hen draw a
nd measure
e test run is
source(s) of
of the total
of the total
and shall be

ity and flow

If sampling is being performed at a single point for PM3 5 in the stack gas, conduct Pitot tube traverses
immediately before and after the test run and measure the velocity head with the Pitot tube at the single
sampling point continually during the test run. Calculate the ratio of the average velocity over the full
traverse to the velocity at the single sampling point based on the pre- and post-run Pitot tube traverses.
Calculate the average stack gas velocity at the single sampling point during the test run based on the
velocity head measurements during sampling, and multiply this by the average-to-single point velocity
ratio determined from the pre- and post-run traverses. Use the resulting corrected velocity to calculate
average stack gas flow rate during the test run.

If sampling is being performed at multiple traverse points for PM1g in the stack gas, conduct the Pitot
tube traverse during sampling.

© ISO 2013 - All rights reserved 27


https://standardsiso.com/api/?name=4a4ca8464ec7f2df6cd67ee6b140b7c3

ISO 25597:2013(E)

Alternatively, for combustion sources, the stack gas flow rate may be measured by stack gas oxygen,
fuel flow and fuel composition measurement according to ISO 8178-1:2006, Annex A, or other equivalent
method.

9.6.3 Sampling

Perform the sampling procedure as follows.

28

Place the sample probe nozzle at the first sampling point.

Preheat the stack gas sample probe to the specified temperature. Avoid contacting the nozzle with

d e £ Ll de de 1 1l
any e SILS UII'SUTTALTS UI'LIIT dALLTSS PUTL UL SUAUR WAILS.

Seal th¢ opening of the access port to minimize air in-leakage or exposure of operators to [toxic
gases.

Turn the pump on to start the dilution air flow.

After the minimum probe temperature has been achieved, start the stack gas sample flow. Adjust
the dilution air flow rate to achieve a dilution ratio of at least 20:1. Higherdilution ratios should
be used|if required to completely eliminate water condensation or to lower the temperature af the
diluted ptack gas to less than or equal to 42 °C at the cyclone(s) upstreamof the filter holders. Adjust
the dilution ratio to achieve the maximum humidity and maximumrt€mperature criteria. Adjugt the
tempergture of dilution air if needed. Adjust the humidity of the@ilution air, if necessary, to ejsure
that thel RH is not higher than 70 %.

Verify the dilution ratio. Document the method chosen to verify the dilution ratio in the test r¢port
and show the calculations used to determine the ratio. Methods may include the following:

1) dir¢ct measurement of flows (stack gas sampléefdilution air, total diluted stack gas samplle; at
leagt 2 of the 3 needed), or

2) megsurement of CO2, NOy, VOC, or otherappropriate tracer in the stack gas sample, dilution air,
total diluted stack gas sample and calctulation of dilution ratio by mass balance, or

3) frogncarbonbalance by measuring COz, fuel composition, and flow according to [ISO 8178-1:2006,
Annex A.

After the dilution tunnel temiperature has stabilized to +2 °C for 3 min, turn on the filter sample
system |[pump and adjust the flow to the target rate. The filter face velocity should not exceed
100 cm(s and the pressuredifferential across the filter should not exceed 7,4 kPa (75 cmH30).

Continue to collectthesample for the target duration. Target sampling durations vary depending on
process|conditiofis,'the concentration of particulate matter in the stack gas, and the test objedtives
for minjmum detéction and quantification limits. Sampling durations of 30 min to 60 min may be
sufficient férmost continuous processes. Batch processes may require sampling for one or more
process| €ycles. Record dilution tunnel and sample system operating conditions (temperdture,
flow rates, humidity, dilution ratio, pressure differential across the sample f1lter] a mimimum of 12
times during a test run, or more often if needed, to capture expected process variations. The data
collection should be conducted at equally spaced intervals during each test run.

At the end of the run, record the final dilution system and sample filter operating data. Turn off
the sampling pump and record the final sample volumes. Shut down the dilution sampling system.
Perform the post-run leak checks.

Recover the sample filter cassette with filter intact, place the filter cassette in the filter cassette
holder and seal tightly, and affix a sample label with a unique number to each sample. Record
sample information on a suitable sample tracking or chain of custody form. Pack the samples in the
insulated shipping and storage container for shipment or transfer to the analytical laboratory. Store
and transport samples in accordance with 6.2.4.5.
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nspect the sample lines for condensed material, record any observations.

9.7 Dilution sampling train — recovery of deposits from the in-stack cyclones

Follo

9.8

w the procedures given in 9.4.7 above for the basic sampling train.

Dilution sampling train — recovery of deposits upstream of the filter

These procedures are conducted for the PM3 5 cyclone located after the dilution chamber, in the residence

time

chamber shown in Figure 2.

Depd
may

a)
b)
A

Use 4
samy
samyj

|

q

q

1
1

1

q

1

nding on the test objectives and whether PMp and/or PM3 5 in-stack cyclones are us
involve the quantitative transfer of particles in the following size ranges:

arger than 10 pm;
maller than or equal to 10 pm but larger than 2,5 pm;

maller than or equal to 2,5 pm.

le probe, and sample gas flowmeter. Keep any dust found ,on’ the external surface
les. Minimize the volume of acetone used for recovery to ndfinimize the influence of ace

[ontainer No. 1d. Quantitatively recover the: a) particulate matter from the PM1¢ cycl

jcetone rinses (and brush cleaning) of the cyclone €up; b) internal surface of the nd
ontainer and mark the liquid level on the outside.ofthe container. This container holds
matter larger than 10 pm.

Lontainer No. 2d. Place the solids from the PM3 5 cyclone cup and the acetone (and bru
inses of the PM3 5 cyclone turnaround cup (above inner downcomer tube), inside of the
ube, and interior surfaces of the PMgjs ¢yclone into the container. Seal the container a

liquid level on the outside. This container holds particulate matter smaller than 10 py

han 2,5 um.

[ontainer No. 3d. Retrieve.the acetone rinses (and brush cleaning) of the exit tube
yclone, the sample probejthe sample gas flowmeter, and all surfaces downstream of

el on the outsidecofthe container. This container holds particulate matter that is 3
P,5 um.

\cetone is the-recommended rinse solvent, however, other solvents such as water o
hloride may be substituted.

Lontainer No. 4d. Collect 250 ml of acetone or the same volume as the highest volumsg
inses 'of the various fractions, whichever is higher, from the wash bottle used to perf

1

nylon brush and an ultrapure acetone rinse to recover particlés from the cyclone saf

bd, recovery

npling head,
s out of the
tone blanks.

pne cup and
zzle; and c)
particulate

sh cleaning)
downcomer
nd mark the
n and larger

bf the PM3 5
the cyclones

contact with the undiluted sample gas into container No. 3. Seal the container and majrk the liquid

:EV

maller than

r methylene

used in the
orm sample

9.9

ecovery rinses intao sample container No. 4d. This is the acetone field reagent blank

Dilution sampling system — analytical procedures

Determine the dry mass of particulate matter from the samples collected, as follows.

Container No. 1d. Transfer the filter and any loose particulate matter from the sample container to a

tared glass weighing dish. Condition the filter and sample following procedures given in 8.2. Weigh
to a constant mass, and report the results to the nearest 0,1 mg. For the purposes of this subclause,
the term “constant mass” means a difference of no more than 0,5 mg or 1 % of the total mass less the
tare mass, whichever is greater, between two consecutive weighings. Consecutive weighings should
be no less than 6 h apart.
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Container No. 3d. Separately treat the sample in this container the same as specified in 9.5.

Container No. 4d. Transfer 100 ml of the acetone blank to a clean 250 ml beaker. Evaporate the
acetone at room temperature and pressure to approximately 10 ml. Quantitatively transfer the
beaker contents to a 50 ml preweighed tin, and evaporate to dryness at room temperature and
pressure. Condition the sample as per procedures given in 8.2 and weigh to a constant mass.

Sample train impinger water. If the amount of water in the impingers has not been determined in the
field, note the level of liquid in the container and determine if leakage occurred during transport.
If leakage occurred, void the sample. Measure the liquid in this container either volumetrically to

+1 ml or gravimetrically to 0,5 g.

— Silica gdl absorbent. If the mass of the silica gel has not been determined in the field, weigh thegpent
silica gdl (or silica gel plus impinger) to the nearest 0,5 g.

9.10 Dilutjon sampling system — validation of results

Validate the|results as follows:

— Testing[should not be conducted at an unsuitable location or carried out-under fluctuating plant
operating conditions. Under such conditions, the representativeness:of the sample(s) mdy be
questiohed and the uncertainty of the measurement results unknown.

— Include|in the test report details of the flow characteristics at’the sampling location or on the
variatigns of the flow rate in the stack while sampling, or both:

10 Calibration and QA/QC activities

10.1 Calibyations

10.1.1 Velgcity measurement apparatus

Calibrate thg velocity measurement apparatus according to ISO 10780.

10.1.2 Gas|flow rate meters

Calibrate sthck gas flow rate meters (undiluted stack gas, dilution air, and diluted stack gas) at|least

every six mtths or wheneveraSystem repair or change is made that could influence calibration.

Calibrate sajmpling system-flow rate meters at least every three months or whenever a system rgpair

or change i made that\could influence calibration. Calibrate the gas flow rate meters with a traceable

standard or{equivalent. For the sample gas flow meters (both undiluted and diluted), any calibraftions
exceeding the +4%limit invalidate all results of tests conducted between calibrations.

NOTE Mpredrequent calibration checks are not required; however, periodic calibration checks such ag post

test calibrations checks can help ensure valid measurements between the required full calibrations.

10.1.3 Analytical balance

Verify the analytical balance calibration at the beginning of each weighing session.

Conduct calibration verifications using traceable mass standards.

10.1.4 Temperature sensors

Verify the calibration of the temperature sensing devices at least every three months or whenever a
system repair or change is made that could influence calibration.

30
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Temperature sensing devices should be calibrated with a traceable standard and agreement should be
within #2 °C.

10.1.5 Relative humidity meters

Verify the calibration of RH meters at least every month or whenever a system repair or change is made
that could influence calibration.

Meters should be calibrated with a traceable standard and agreement should be within *3 % of reading.

10.1.

6 Pressure sensors

Calib
that

The
with

10.2

10.2

Wash and rinse all components with acetone and allow to dry.completely. Wipe down large

10.2

Take
at lej
inlet
sam¢
due
hand
thed
test

Opti
samy
cycld
dura
conjy

10.2
Field

!

rate pressure sensors at least every three months or whenever a system repair or'chd
rould influence calibration.

nge is made

censors should be calibrated with a traceable standard or equivalent andJagreement should be

n =2 % of reading.
QA/QC activities — dilution sampling system

1 Pre-test dilution sampling system cleaning (before each test condition)

2 Dilution system blank

at least one dilution system blank per test andsampling location. For each test progral
st one dilution system blank by collecting @,sample with all openings except for the
plugged so that only dilution air is drawmnthrough the dilution sampler. Analyse the s

manner as the stack gas samples. This-provides an indication of total measurement
to dilution air background and contamination of filters and rinsing solutions du
ling, transport, and analysis. Calctilate the equivalent in-stack concentration using me
ilution ratio and sample volume for the stack samples. The level of significance varies d
bjectives. Report these results along with the stack sample results.

nal, but recommended.—+ take at least one ambient air sample per test. Collect the
le at the sampling location by directly pulling unfiltered ambient air through a PM
ne head (or equivalent) and through the sampling media only. Conduct sampling f
fion as stack samples or longer depending on the test objectives. These results may
inction with«the/dilution system blank to evaluate the dilution air filtration system pei

3 Field blank

surfaces.

mme, collect
dilution air
hmple in the
background
ring sample
an values of
epending on

ambient air
[10 or PM2 5
br the same
' be used in
formance.

and 4

10.2.

r, removed,

i ite until the
exposed filters are retrieved for post sampling weighing. Field blanks should be collected at the start of
the test series. At least one field blank should be collected for each test series.

blanks should be transported to the sampling site, momentarily installed in the samplr

4 Pre-run and post-run leak checks

Conduct leak checks as specified in this International Standard.

10.2.

5 Dilution ratio check

If the dilution ratio is determined by tracer methods, this check is not required. If the dilution ratio
is determined by direct flow rate measurements, this check is recommended to verify the calibration
and proper operation of the system. Perform a dilution ratio check before the start of each run using
an appropriate method, such as by measuring CO2, NOy or other tracer concentrations in the raw stack
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gas sample and diluted stack gas sample in accordance with ISO 8178-1. The measured dilution ratio
determined by each of the two methods should agree within 10 % relative percentage difference. If the
pre-test dilution ratio check is not within 10 % of the measured value, correct the error before starting
the test. Include the results of the dilution ratio checks in the final report.

10.2.6 Mixing

Verify that the gases in the dilution sampling system are uniformly mixed under the test conditions
to within 10 % of the mean concentration at all points. Mixing may be verified by measuring the CO2
or other tracer gas profile upstream of the residence time section, or any sample collection media, at a
minimum of four points across the dilution sampler cross-sectional diameter. Alternately, the degree of

mixing may

10.2.7 Gra

After appro
standard. W

filter at the

10.2.8 Woj

The workin
standard m
calibrated b

10.2.9 Lab

Laboratoryl

measureme
reweigh all

10.2.10Gra

Careful han

measureme

Wheney
actasa

charge.

on.

The filtg
smooth
them fr
alcohol

be warranteed by the equipment manufacturer or vendor using these procedures.

vimetric weighing QA/QC

ximately every 10th filter, re-zero the microbalance and reweigh at least one wo
[eigh approximately 10 % laboratory blanks per weighing session. Reweigh one repl
bnd of the weighing session. Weigh approximately 10 % of the field blanks.

'king standard measurements

b standard measurements should agree within 3 pg of the'verified values. If the wo
pasurements do not agree within this limit, recalibrate(the balance, or use an alte}
plance, and reweigh all filters since the last successfulsworking standard check.

pratory blank and replicate measurements

blank and replicate measurements should agrée within 15 pg. Iflaboratory blanks or repl
hts do not agree within this limit, determine and correct the source of the discrepancy
ilters since the last successful laboratoty blank and replicate check.

vimetric filter handling

dling of the filter duringssampling, conditioning, and weighing is necessary to
ht errors due to damaged filters or a gain or loss of collected particles on the filters.

er filters are handled, the analyst should wear antistatic, powder-free gloves; these g
h effective contamindtion barrier. Gloves that are packed in a box can carry an electrog
[t is a good praetice to discharge them by touching a good electrical earth after putting

brs should be handled carefully by the support ring, rather than by the filter material,
non-serrated forceps that are used only for that purpose. Mark these forceps to disting
pm the forceps used to handle mass reference standards. Forceps should be cleaned

'king
icate

'king
'nate

icate
y and

hvoid

oves
tatic
them

with
ruish
with

and lint-free wipes before handling filters and then allowed to air dry. These precau

kions

reduce the potential effect from body moisture or oils contacting the filters and subsequently

affectin

g the measured masses.

If filter loadings are speciated chemically, the possibility of contamination from gloves should be

considered. Some gloves have been found to be contaminated with sulfate. If antistatic gloves are
used, ensure that ammonium chloride is not a component of the antistatic reagent. Powder-free

gloves t

hat are certified to be free of chloride, nitrate, and sulfate are available.

In the laboratory, each filter should be transferred from its sealed manufacturer’s packaging to a

clean filter-handling container, such as a glass or polycarbonate Petri dish or Petri slide, to reduce
the risk of contamination. The filter should remain in this container, except for weighing, until it is
loaded into a filter cassette prior to sampling. Each filter should have a unique identification number.
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10.2.11Laboratory blanks

Laboratory blanks should be kept inside the conditioning chamber except during weighing sessions.
Weigh enough laboratory blanks during a presampling weighing session to provide atleast one single-use
laboratory blank during each subsequent post-sampling weighing session. The pre- and post-sampling
masses should be recorded in the QC notebook and the laboratory data form or an equivalent database.
If the mass change exceeds 15 pg, contamination in the conditioning chamber may be occurring. Take
appropriate troubleshooting and corrective actions.

Pers
and

samyj
crite

maintaining
ts at similar
on meet the

10.3 Personnel qualifications
ins using this test method shall have adequate training and experience in preparing,
perating the sampling equipment, conducting the test procedures and performingtes
ling locations. It is strongly recommended, but not required, that the testing organizat
ria specified in I[SO/IEC 17025.

11 Additional aspects discussion

11.1 Sampling duration and detection limit

In-st
syste
rate,
estin
ratio|

cominensurate with the test objectives.

11.2

11.2

Erro
Systg
are 1
samyj

11.2

Parti
of th
and

rinsi

ack minimum detection limits are dependent upon the greater of analytical uncertaint
m blank levels and upon dilution ratio, sampling duration, sample flow rate, sampl
filter face velocity, filter pressure drop, and potentially other factors. Based on

nated analytical uncertainty and dilution system blankTesults, select the sample flow 1
sample filter flow rate, and sampling duratiento achieve in-stack minimum dete

Particulate deposits upstream of the filter

1 Errors

Fs can be introduced into the measurements if particulate deposits on the surfaces of ]
m in contact with the sample‘upstream of the filter are not recovered quantitatively.
nore significant in the portions of the dilution sampler in contact with the undilutg
le.

2 Particulate deposits

culate deposifs are dependent upon the design of the sampling equipment and the chi
e particudate matter to be sampled. Therefore, all parts of the sampler in contact with t]

hg pracedures described in 9.4.7 and 9.8.

e

y or dilution
filter flow
the pre-test
ate, dilution
ction limits

he sampling
Such errors
ed stack gas

iracteristics
ne undiluted

lilutedssample are to be quantitatively recovered to collect the particulate matter by using the

11.2.

3 Residue

The residue contained in reagent grade acetone (typically less than 1 mg/kg) and other solvents may be
significant for some sources with very low particulate matter concentration in the stack gas, such as some
natural gas-fired combustion equipment (see F.2 for additional discussion). The analytical uncertainties
introduced by the solvent residue have been shown to be much greater than the analytical uncertainty
associated with analysing the filters by gravimetric methods. For such sources where the deposits on
the internal surfaces downstream of the cyclone(s) are greater than 25 % of the total mass collected
and the correction for the residue contained in the solvent rinse is more than half of the deposits on the
internal surfaces, flag the data and note the increased uncertainties introduced by the solvent residue.
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12 Determination of precision and bias

12.1 General

A user has the obligation and responsibility to validate any method it uses for a specific application and
to provide an estimate of the bias and precision associated with the application. It is recommended that
paired sampling tests be conducted to provide data for calculations such as those described as follows.

12.2 Parallel sampling

ich a

If one team t : 3 5 : : 3 &5y
[lows a statistical comparison between paired values x1 and x» to be calculated.

procedure 3

12.3 Standard deviation

The standarnd deviation of the differences can be calculated as follows.

05

2l __XZ)Z (10)

2n

Sp=
where

sp isthe standard deviation;

n isthe number of sample pairs.

12.4 Repeptability

The repeatpbility, r (according to ISO 5725[11]}-that is the maximum difference between| two
measurements by the same team, for a 95 % confidence level is:

r = tsp x|20,5 (11

where
r  isthe repeatability;
t  isthe student factorfor a 95 % confidence and the degrees of freedom n - 1;

sp isthe standard’deviation.

12.5 Independent tests

When data areprovided-by severatindependent-teams-operatingtogether,simitarcatcutations—can be
conducted and provided as an estimation of:

— the external uncertainty linked to an individual measurement carried out by any team fulfilling the
requirements of this International Standard; and

— the reproducibility (according to ISO 5725[11]), that is the maximum difference, R, that can be
expected at a 95 % confidence between two measurements by different teams working according
to the standard at the process conditions.
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12.6 Low concentration measurements

When performing measurements at low level concentrations, the detection limit may be estimated:

— by parallel measurements and calculation of the uncertainty; and

— by successive measurements at near zero concentration — the detection limit is assumed to be
three times the standard deviation.

13 Test report

13.]] General

Refel
requ

13.2

Prov|

" to this International Standard (ISO 25597:2013) in the test report and include the
redin 13.2 to 13.8.

Test purpose

ide a description of the purpose of the test, identification of*the site, date of sa

participants in the test programme.

13.3

Prov

Operating conditions

ide a description of the operating conditions of the‘plant process and any variation

condjfitions that may have occurred during the test programme.

13.4

Ident

13.5

Give

Sampling locations

ify the sampling location(s) and gas parameters in the stack.

tack dimensions, number and position of velocity measurement points, and the sampl
Velocity and temperature profiles.

D> and CO3, (if relevant), humidity concentrations, gas volumes.

Measurement procedures

details of the mieasurement procedures performed, as follows.

information

mpling, and

n operating

ng points.

Velocity measurements, if taken, or other stack gas flow rate determinations (calibration of S Pitot

ubes, ahd.so forth).

[hatacteristics of sampling equipment:

[) make (type, manufacturer) and detailed description of the sampling system,

2) nozzle diameter, characteristic of filter (material, size, type),

3) calibration of flow rate measurement devices,

4) filtration temperature,

5) dilution ratio, and

6) response time.

— Weighing procedures: conditioning temperature and humidity:.
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13.6 Test results

List the number, date, duration of runs for each test run:

a)
b)

‘)
d)
e)
f)
g)
h)
i)
j)

13.7 Quality assurance

Quality assy

13.8 Comi

Record the following subjects in the'test report:

36

mass of

PM collected;

temperature and relative humidity of the fully diluted stack gas sample in the dilution sampling

system;

dilution

air temperature, relative humidity, and dilution ratio;

sampling duration;

undilutg
initial a
filter fa
any spe
all inter

rawres

leak tes
blank v
calibrat]

dilution|

the valu

any spe

a modif

bd and diluted stack gas sample volume and flow rate;
nd final pressure drop across the filter pack;

Ce velocity;

rial circumstances or incidents;

mediate and final calculation results; and

Llts and corrected results (standard conditions).

rance applied to the following:
Ls results;

hlues;

ion documentation;

ratio verification.

hents

e of the ratio of the'measured values to the blanks values;

catiotrer deviation, if it was necessary to modify or deviate from this International Stan
Feason.

for any

Cial circumstdnces that may have influenced the results and any information concerninjg the
uncertalinty of theyesults;

dard
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Design of the 10 pm and 2,5 pm cyclones

A.1 Example design for the 10 pm sampling cyclone

See Higure A.1.

1,88 £ 0,02
4,47 £ 0,02
4,45x0,02
1,50+ 0,02

1,02 +0,02

Di{I:

|
| D
|, I
) 1 _L h
-
Dext | —Y
— <—DO
H
A
B_>| |‘_ chp
!
— D'
Dcup
0,025 +0,02
1,27 £ 0,02
1,24 £ 0,02
6,95+ 0,02

Dimensions ip centimetres

2,25 £(0,02
2,24 (0,02
1,57 #/0,02
4,71 £(0,02

Figure A.1 — Example design specifications for the interior dimensions of a 10 pm sampling

cyclone

A.2 Example design for the 2.5 pm sampling cyclone

See Figure A.2.
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Dcup

De

Dy

Figure A.
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T Ol

Dimensions in centimetres

N

Bl - | 5

=

Dcup

1,09 £ 0,02 H 2,68+0,02
2,54 £ 0,02 Heup 2,22 £0,02
2,62 +0,02 h 1,03 +0,02
0,59 £ 0,02 s 0,58 £0,02
0,51+0,02 Z 1,65 £ 0,02

. — Example design specifications for the interior dimensions of a 2,5 pm sampljng

cyclone
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Annex B
(normative)

Calculation of the D5¢ for the 10 pm and 2,5 pm cyclones

B.1 Calculating Dsg for a 10 pm cyclone

CaIC\Illate the actual D5 of the 10 um cyclone for the given conditions as follows:

T 0,2091 n 0,7091
50=ﬁ1[M > J (—SJ (B.1)
wPs qy s

where

I~

Pso is the particle cut diameter (pm);
1 is 0,027 754 for metric units;

is the absolute stack gas temperature (K);

—
wn 4

My  is the molecular mass of wet gas (g/mol);
Bs  is the absolute stack gas pressure (Pa);
s isthe stack gas viscosity (uP);

qvs is the sampling rate for PM1g cy¢lone necessary to achieve the specified Dsg (acmjm).

M., =My (1-B)+18,0(Bys) (B.2)

where
Mq is the molecular'mass of dry gas (g/mol);
Bws  moisturefraction of flue gas

18,0 is thermolecular mass of water.

Qvs= A [CIVS,std + VW’Sth (B.3)
K1Dg Ly
where
qvs is the sampling rate for PM1g cyclone necessary to achieve the specified D5o (acmm);
Ki is a unit conversion constant;

qvs,std is the dry gas sampling rate through the sampling assembly (dscmm);
Vw,std s the volume of water vapour (scm);

ter is the total run time (min).
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B.2 Calculating Dsg for a 2,5 pm cyclone

B.2.1 Reynolds number <3,162

Calculate the actual Dsg of the 2,5 um cyclone for the given conditions as follows.
O
C pSM w

Dso is|the particle cut diameter (um);

1,1791
j (B.4)

]0,6790

D, =0,0024302 (ﬁ
Ays

where

the stack gas viscosity (uP);

wn

s i

the sampling rate for PM1g cyclone necessary to achieve specified Dsq (actam);

wn

qvs i

C isfthe Cunningham correction factor for particle diameter calculated usingactual stack gas
temperature;

Ts  is|the absolute stack gas temperature (K);
ps  is[the absolute stack gas pressure (Pa);

My, is|the molecular mass of wet gas (g/mol).

B.2.2 Reynolds number >3,162

Calculate the actual Dsg of the 2,5 pm cyclone for the given conditions as follows.

0,8058 05 0,3058
Ms 1 ’ TS
Dg =04019723 | — — (B.5)
Qys ¢ p M.,
where
Dsq islthe particle cut diameter (pum);
ns  isfthe stack gas viscasity (uP);
qvs is|the samplingrate for PM1g cyclone necessary to achieve specified Dsg (acmm);

C is|the Cunningham correction factor for particle diameter calculated using actual stack gas
tenperature;

Ts  is|the,absolute stack gas temperature (K);

ps  isthe absolute stack gas pressure (Pa);

M,y isthe molecular mass of wet gas (g/mol).

B.3 Cyclone separation efficiency

The cyclones for the measurement of PM1g and PM3 5 shall be designed such that the separation curves
of PM1p and PM3 5 have a similar shape separation efficiency of 50 % at 10 um and 2,5 um as specified
in ISO 7708.

The separation curve for PM3 5 is shown in Figure B.1 as a plot of the separation efficiency versus the cut
diameter. The separation curve for PMyg is given in Figure B.2.

40 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=4a4ca8464ec7f2df6cd67ee6b140b7c3

ISO 25597:2013(E)

A% )
100
90
80
70
60
50
40 +
3 15<v<25m/s
20 7<v<15m/s /
1o v<7m/s /
b | | | | | | | | | >
0,25 0,5 0,75 1 1,25\15175 2 25 3 5 6[25 Dgy/pum
Key
A separation efficiency
Dso cut diameter
1% velocity

Figure B.1 — Efficiency envelope for PM3 5 cyclone samplers
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Figure B.2 — Efficiency envelope for PM1¢ cyclone samplers
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(informative)

Entry nozzle

C.1 Choosing the nozzle size —nozzle size calculation

Detefmine the nozzle size necessary to achieve the target in-stack cyclone particle size|cut point(s)
and 4 nozzle sample gas velocity that is within 80 % to 120 % of the average isokinetic rafe. Based on
the preliminary calculations, the measured stack gas velocity profile and other stack pargmeters, use
Fornmula (C.1):

212,2qy, |
=[—' qu} (C.1)

I~

VS
where
D isthe inner diameter of sampling nozzle mounted oWP¥ ¢ cyclone (cm);
¥s  is the velocity of the stack gas (m/s);

qys is the sampling rate for PM1g cyclone necessary to achieve specified Dsp (acmm).

If mgasurements are intended for determinatieff of PM3 5 only, isokinetic sampling is npt required.
Calcuylate the resulting velocity of the flue gas.through the nozzle:

dys
U, ==L C.2
" 604, (C.2)

where
yn  is the sample gas veldcity in the nozzle (m/s);
qvs is the samplingrate for PM1g cyclone necessary to achieve specified D5 (acmm);

An  is the area-of the nozzle (cm?2).

C.2 | Choosing the optimum sampling nozzle

C.2.1 “General

Thenozzleselected from B.1 is appropriateifall of the observed velocity pressures duringthe preliminary
velocity traverse fall within the range of Appmin and Apmax, as calculated in C.2.2.
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C.2.2 Minimum nozzle, stack velocity ratio parameter and minimum velocity pressure

Calculate the minimum nozzle to stack velocity ratio, Rmin

0,5
0,2603n, (qy5 )"

R in =10,2457+( 0,307 2— 15 (C.3)
Vn

where

Rmin is the nozzle to stack velocity ratio parameter;

ns  is|the stack gas viscosity (uP);

qys is|the sampling rate for PM1g cyclone necessary to achieve specified D5 (acmm);

vnp  is|the sample gas velocity in the nozzle (m/s).

n=Cq +£2Ts +C3Ts 2 +C49(03),, ~C5Bws +CoBwsTE (C4)
where

Ts is the absolute stack temperature (K);

Bws is the moisture fraction of flue gas;

¢@(02)w | oxygen volume fraction in wet flue gas (%)

C1 is 150,316 2 (uP);

C2 is 18,061 4 (uP/K0.5);

C3 is 1,191 83 x 106 (uP/K2);

Ca is 0,591 123 (uP);

Cs is 91,972 3 (uP);

Ce is 4,917 05 x 10-5{tP/K2);
NOTE Far Rmin < 0,5, take'Viin = vn % 0,5). For Rpnin > 0,5, take vimin = vn X Rmin
Calculate the minimum¥velocity pressure, Apmin

2
AP i =[1,368%6x10~* (MMV&&W (C.5)
s P

where

Apnin is the minimum velocity pressure;

Ps
My
Ts
Vmin

Cp

44

is the absolute stack gas pressure (Pa);

is the molecular mass of wet gas (g/mol);
is the absolute stack gas temperature (K);
is the minimum gas velocity (m/s);

is the calibration coefficient for the Pitot tube attached to the sampling apparatus.
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C.2.3 Maximum nozzle, stack velocity ratio parameter and maximum velocity pressure

Calculate the maximum nozzle to stack velocity ratio, Rmax

0,5
0,2603n, (ay5)*”
NE

R 0,4457+|0,5690—

max —

where

Rmax is the nozzle to stack velocity ratio parameter;

Ns is the stack gas viscosity (uP);

qys  is the sampling rate for PM1g cyclone necessary to achieve specified Dsq (a¢imm);
yn  is the sample gas velocity in the nozzle (m/s).

NOTH For Rmax < 1,5, take viax = vy X Rmax- For Rpax > 1,5, take vipax = vn(1,5).

Calcylate the maximum velocity pressure, Apmax

2
-13686x10~4 (Mj(vmi}

>

Pmax : Cp
whertte
Apmax is the maximum velocity pressure;

Mw is the molecular mass of wet gas (g/mol);
Ts is the absolute stack gas temperature (K);
Bs is the absolute stack gas pressure (Pa);

Wmax 1S the maximum gasvelocity (m/s);

(p is the Pitot tube coefficient for the tube attached to the sampling apparatus.

C.3 | Optimum nozzles

(C.6)

(C.7)

Compare the minimum and maximum velocity pressures with the observed velocity prepsures at all
travgrse points'during the preliminary velocity traverse. The nozzle selected is approprigte if all the

observed velocity pressures during the preliminary test fall within the range between Appj
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Annex D
(informative)

Calculating the sampling flow rate

D.1 Calculations

D.1.1 Gen

Use the dat3

D.1.2 Dry]

Mg =04

where
Mq
®(CO2)
®(02)
D.1.3 Wet
My, = M|

where
My,
My

BWS

eral

obtained in the pre-sampling measurements to perform the calculations in P\1:2 to DJ1.7.

molecular mass

4 (CO,) + 0,32¢(02) + 0,28 x [100 - (02) - ¢(CO2)] (D.1)

is the molecular mass of dry gas (g/mol);
carbon dioxide volume fraction in flue gas (%) ;

oxygen volume fraction in flue gas (%).

molecular mass

(1 - Bws) + 18(Bws) (D.2)

s the molecular mass of wet gas (g/mol);
s the molecular mass of dry gas (g/mol).

s the moisturefraction of flue gas.

46
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D.1.4 Gas viscosity

The gas viscosity is used to calculate the Cunningham correction factor.

-2 2
n=C1+Cp[Ts +C3Ts “+C40(03),, —C5Bws +CeBwsTs (D.3)
where
n is the gas viscosity (uP);
T, is the absolute stack temperature (K);

¢(02)w oxygen volume fraction in wet flue gas (%)

Bws is the moisture fraction of flue gas;
¢1 is 150,316 2 (uP);

G2 is 8,061 4 (uP/K0.5);

(3 is 1,191 83 x 106 (uP/K2);

(v is 0,591 123 (uP);

(s is 91,972 3 (uP);

(e is 4,917 05 (uP/K2).

D.1.5 Cunningham correction factor

The Cunningham correction factor is used.£o calculate the Reynolds number for particlgs <2,25 pm
dianteter.

0,5
=0,0057193| —1 [LJ (D.4)
psDp J\ My,

DN

wherte

¢ is the Cunningham correction factor for particle diameter calculated using actual stack gas
temperaturé;

1 is thetstack gas viscosity (nP);

Bs  disthe absolute stack gas pressure (Pa);

b5~ 1is the particle size (um);

Ts  is the absolute stack gas temperature (K);

M, isthe molecular mass of wet gas (g/mol).

D.1.6 Reynolds number
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Re=8,64x10° {M](qﬁj
’ T

:2013(E)

S

the Reynolds number;
the absolute stack gas pressure (Pa);

the molecular mass of wet gas (g/mol);

(D.5)

where
Re is
Ds is
My, is
qvs 1s
Ts is
n is
D.1.7 Dsy
Preliminaryj
DsgpL =
where
DsoLL 1§
]
C i
Ds i
My, i
Ts i
D.2 Cons

Determine t
for both cyc

The optimu

the sampling rate tor PM1g cyclone necessary to achieve specitied Dsg (acmm);
the absolute stack gas temperature (K);

the gas viscosity (uP).

LL

lower limit cut diameter for Re < 3,162 cut diameter — PM1q cyclone

01993
) £07¢03007 [pSMW ]
' T,

S

s the cut diameter for PM1g cyclone corresponding to the 2,25 pm cut diameter for the
PM> 5 cyclone (pm);

s the Cunningham correction factor;
s the absolute stack gas pressure (Raj;
s the molecular mass of wet gas (g/mol);

s the absolute stack gas témperature (K).

tant sampling flow rate

he constantsample flowrate. The gas sampling rate is defined by the performance ct
ones as illgstrated in Figure D.1.

I gas sampling rate is the overlap zoned defined as the range below the 2,25 pm ¢

down to the

1150 am curve (area between the two solid lines of Figure D.1). Choose a gas sample

in the middflé-of the overlap zone to maximize the acceptable tolerance for slight variations in

(D.6)

ilrves

urve
rate
flow

characteristics at the sampling location.

48
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= 16
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%]4 —
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6 | | | -
50 100 150 200 T,/°C
Key
qv flowrate (acmm) [—9,0 um cyclone I, 9,0 pm cut size
Ts stack temperature [—11,0 um cyclone ], 11,0 pm ctit size
IV—2,25 um cyclone 1V, 2,25 pm ¢ut size
a  HKlow rate range for PM4p and PM3 s. IV—2,75 um cyclone 1V, 2,75 pm ¢ut size
Figure D.1 —<Sampling rates for combined cyclone sampling heads, based on ¢(03) =8 %,
¢(CO2) =10 %, p(H20) =2 %
NOTH The overlap zone is also a weak function of the gas composition. The acceptable range is limited,
espedially for gas streams with temperatures less than 40 °C. Atlower temperatures, it may be necedsary to apply

the PM19 and PM3 5 cyclones separately in order to achieve actual Dsq cut sizes from 9 pum to 11 pm and 2,25 pm
to 2,75 pm, respectively.
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Verify the assumed Reynolds number first calculating the sampling rate for the PM1g cyclone:

T 1 1,4102
qVS=O,7296n( > jo,2949[—}

where
Qvss
n
Ts
DPs
My

Dsot

Dsor =

where
Dsor

DsorL

D.3 Basig

If the Reyno
sampling sy

is

is

psMy, DSOT

the sampling rate for PM1g cyclone necessary to achieve specified D5 (acmm);

the gas viscosity (uP);

(D.7)

‘E

i

i

]

qy

the absolute stack gas temperature (KJ,
the absolute stack gas pressure (Pa);
the molecular mass of wet gas (g/mol);

the PM1g cyclone cut diameter corresponding to the middle of the overlap.

2

s the PM1g cyclone cut diameter corresponding to the middle of the overlap;

s the cut diameter for PM1g cyclone correspondingto the 2,25 pm cut diameter for the
PM3 5 cyclone (um).

- sampling system orifice meter pressure drop

lds number is <3,162, calculate the pressure drop across the orifice meter (AH) for the
5tem (which, when set, establishes the sampling rate through the nozzle).

AH{

where

AH

qvs

Patm

50

< (1= Buys ) Ds }( 1,083T, MyAH, j
T

N p atm

s the pressure\drop across the orifice meter;
s the sampling rate for PM1g cyclone necessary to achieve specified D5 (acmm);

s the'moisture fraction of flue gas;

aY

(D.8)

basic

(D.9)

£ 1= Lot + 1 (D
S UIT dUSUTUTT STALR 545 P1ITSSUT T (T dJ,

is the absolute stack gas temperature (K);

is the meter box and orifice gas temperature (K);

is the molecular mass of dry gas (g/mol);

is the orifice pressure differential for a flow rate of 0.021 2 m3/min at standard conditions
(cmH0).

is the atmospheric pressure (Pa).
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If the Reynolds number is >3,162, recalculate D511, using the Formula (D.10):

S

M 0,0600
Doy, =10,0959 ¢ %4400 {TL”S} (D.10)

where

DsoLL is the cut diameter for PM1g cyclone corresponding to the 2,25 pm cut diameter for the
PM3; 5 cyclone (um);

M,y isthe molecular mass of wet gas (g/mol);

s is the absolute stack gas pressure (Pa);
Ts is the absolute stack gas temperature (K).

Substitute this value into the equation for DsoT and recalculate Dsgt to recalculate qys and the sampling
train| orifice meter pressure drop, AH.

NOTH The stack gas temperature can vary during the test, potentially affecting the sampling rate. If the stack
tempgrature varies by more than +30 °C, recalculate AH using the new temperature.

D.4 | Setting the sampling system flow rate

Forigsokinetic sampling, calculate the parameters necessaryfor the sampling system so that the sampling
rate,|qys is achieved. qys is the sampling rate for the PM{g/cyclone necessary to achieve the specified D5q
(acmjm).

D.5 | Total sample volume

Calcylate and correct to standard conditions, the dry gas volume of the flue gas sample measured by
the dry gas meter of the sampling train: The sampling flow rate at standard conditions is flescribed in
Fornmula (D.11).

14
Qrssd =" (D.11)

Lir
wherre
qvsstd  is theZdry gas sampling rate through the sampling assembly (dscm);
Wm is\the dry gas meter volume sampled (ACM);

ther is the total run time (min).

And the actual sampling rate over the run was:

29,92 1 T,
_ D.12
52 q“‘““{(l—ng)LJ )

where
qvs is the sampling rate for PM1g cyclone necessary to achieve specified Dsg (acmm);
qvs,std 1s the dry gas sampling rate through the sampling assembly (dscmm);

Bws  is the moisture fraction of flue gas;
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