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Standard Practice for
Calibration of an Airborne Particle Counter Using
Monodisperse Spherical Particles 1

This standard is issued under the fixed designation F 328; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope saturation level or maximum counting rate of the electronic
1.1 This practice covers procedures for calibrating andFounting circuitry shall be specified by the manufacturer and is
determining performance of an optical discrete airborne pardlways greater than the DAPC counting rate for the challenge
ticle counter (DAPC) when presented with a challenge aerosgterosol used for any portion of this practice. _ .
of near-monodisperse spherical particles. The practice is di- 1.5 Calibration in accordance with all parts of this practice
rected towards determination of accuracy and resolution of thE1&y not be required for routine field calibration of a DAPC
DAPC for particles which have entered the sampling inlet ofunless significant changes have been noted in operation of the
the DAPC. Consideration of inlet sampling efficiency is not PAPC or major DAPC component repairs or replacements
part of this practice. have be_en made. In that situation, the DAPC shoulq be .taken
1.2 The procedures covered here include inlet sample flodP @ suitable metrology facility for complete calibration,
rate, zero count level, particle sizing accuracy, particle sizingo!lowing necessary repairs or modifications. Normally, the
resolution, particle counting efficiency, and particle concentraloutine field calibration may consist of determination of inlet
tion limit. flow rate, zero count level, and particle sizing accuracy. The
1.3 The particle size parameter that is reported is th&APC functions to be calibrated shall be field or metrology
equivalent optical diameter based on projected area of Ecility calibrations shall be determined by agreement between
particle of known refractive index which is suspended in airPurchaser and user, but shall not exceed 12 months, unless
The minimum diameter that can be reported by a DAPC iPAPC stability fqr Ionger perlpds is verified by measurements
normally specified by the manufacturer and the maximunin accordance with this practice.
diameter that can be reported for a single sample is determined 1.6 This standard does not purport to address all of the
by the dynamic range of the DAPC being used. Typica|safety concerns, if any, assqmated with its use. It is the
minimum diameters are in the range from approximately 0.0%€Sponsibility of the user of this standard to establish appro-
um to 0.5 um and a typical dynamic range specification will bePriate safety and health practices and determine the applica-
between 10 to 1 and 50 to 1. bility of regulatory limitations prior to use.

1.4 The counting rate capability Qf the DAPC is limited by 2 Referenced Documents
temporal coincidence for the specific instrument and by the
maximum counting rate capability of the electronic sizing and 2-1 ASTM Standards:
counting circuitry. Coincidence is defined as the simultaneous D 1193 Specification for Reagent Wefter _
presence of more than one particle within the DAPC optically D 1356 Terminology Relating to Sampling and Analysis of
defined sensing zone at any time. The coincidence limit is a Atmospheres _ _ _ _
statistical function of the airborne particle concentration and E 20 Practice for Particle Size Analysis of Particulate Sub-
the sensing zone volun{&).? This limitation may be modified stances in the range of 0.2 to 75 pm by Optical Micros-
by the presence of particles with dimension so large as to be a copy’

significant fraction of the sensing zone dimensi@).® The D 3195 Practice for Rotameter Calibratfon
2.2 U.S. Federal Standard:

U. S. Federal Standard 209E, Airborne Particulate Cleanli-

ness Classes in Cleanrooms and Clean Zbnes
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3.2.13 relative Standard Deviatignn—a measure of the
width of distribution data. It is quantified in terms of the ratio

3. Terminology of the standard deviation of the distribution to the mean of the
3.1 For definitions of general terms used in this practiceistribution. It is normally expressed as a percentage.

refer to Terminology D 1356 3.2.14 resolution n—a measure of the ability of a DAPC to
3.2 Definitions of Terms Specific to This Standard: differentiate between particles of nearly the same size; also, the

3.2.1 calibration, —measurement, report, and adjustmentrange of sizes which a DAPC would report for a particular
as necessary, of test instrument operation in comparison with@article if its size was determined repeatedly.
standard material or an instrument of known adequate accu- 3.2.15 sampled flown—the air which passes through the
racy. sensing volume of a DAPC. The sampled flow may be either a
3.2.2 calibration particles n—monodisperse, isotropic par- portion of or the entire inlet flow. Sampled flow is expressed as
ticles of known dimension and physical properties. Polystyren@olume per unit time, at ambient temperature and pressure.
latex spheres are typically used for calibrating a DAPC. These 3.2.16 saturation level n—the maximum counting rate of
are available in diameters covering the operating range of mogte electronic circuitry at which accurate pulse amplitude
DAPCs. sizing data are produced. The counting rate depends upon both
3.2.3 coincidence n—the simultaneous presence of more the particle concentration and the sampled flow rate.
than one particle within the sensing volume of the instrument, 35 17 sensing volumen—the portion of the illuminated

causing the instrument to report the combined signal from th¢ e in the DAPC through which the sample passes and

several particles as arising from a single larger particle. o \hich scattered light is collected by the DAPC photode-
3.2.4 concentration n—number of particles within a spe- qcior.

cific particle size range or equal to and larger than a specific . -
particle size per unit volume of air at ambient temperature and 3.2.18 zero count raten—the maximum count indicated by

a DAPC in a specified time period when the DAPC is sampling
pressure. S . . air free of particles larger than the lower sizing limit of that

3.2.5 concentration limit n—the concentration specified by .

- . DAPC. This is also referred to as False Count Rate or
the DAPC manufacturer where the coincidence error is belov\éack round Noise Level
10 %. An error less than 10 % may be chosen, as required. 9 '

3.2.6 counting efficiencyn—the ratio, expressed as a per-
centage, of the reported particle concentration in a given siz
range to the actual concentration in the measured aerosol4.l Inlet Sample Flow Rate-To report sampled particle
suspension. concentration accurately, it is necessary to define the sample

3.2.7 dynamic rangen—the particle size range over which flow rate accurately. That flow rate may change if flow
the DAPC produces particle size data with both a lower and anomponents in the DAPC are affected by long term operation
upper size boundary. The range may also be expressed aaplugging by deposition of particulate material. In addition,
particle size ratio, when the lower size is known. DAPC flow is normally defined at ambient pressure and

3.2.8 inlet flow, n—the gas flow which enters the DAPC temperature and is not normally corrected to standard condi-
through the gas inlet. Flow rate is expressed as volume per uriibns. For these reasons, it is necessary to verify the inlet
time, at ambient temperature and pressure. sample flow rate. A calibrated rotaméter other volumetric

3.2.9 lower sizing limit n—the smallest particle size at flow measurement device is required which operates with a
which the DAPC is capable of measuring with countingpressure drop small enough so that the DAPC sampling pump
efficiency of 50 %=+ 10 %. is not loaded to the point where flow is degraded. The flow

3.2.10 monodispersen—a particle size distribution with measurement device should report volumetric flow rate at
relative standard deviation less than 5 %. Polystyrene lateambient temperature and pressure. If a mass flowmeter is used,
(PSL) particles are commercially available with this propertythen correction to ambient conditions will be required. The
in particle sizes ranging from less than 0.1 um to greater thaflow measurement device is coupled to the DAPC inlet and the
40 pm. DAPC sampling pump is operated. The flow indication on the

3.2.11 particle size n—for calibration purposes, particle built-in DAPC flowmeter (if available) is recorded and com-
size is the modal diameter of the calibration particle batch usegared with the flow indication on the calibrated flow measure-
for each size threshold definition. For application purposesinent device. If the flow or the flow indication do not meet the
particle size is the diameter of a reference sphere with knowfequired level, as indicated by the volumetric flow measure-
properties which produces the same response from the DAPDeNt device, the incorrect flow or flow indication shall be
as the particle being measured. corrected and the remedial measures recorded.

3.2.12 pulse height analyzer (PHA)}—an electronic device 4.2 Particle Sizing Accuracy-Although the DAPC may be
for accumulating and sorting electronic pulses by voltage levelused to characterize particulate suspensions containing mate-
The output is generally a histogram with 64 to 4096 levelsrials that vary in shape and composition, consistent response to
(referred to as “channels”). A PHA may be built into a DAPC standard materials is required. An air suspension of calibration
or may be connected to a DAPC output test point. The PHAparticles is generated by atomizing a liquid suspension of those
should have at least 64 channels and be capable of defining 1 paurticles, evaporating the liquid droplets to leave an air
of the maximum voltage pulse level with 95 % accuracy. suspension of individual particles. The DAPC samples a

é- Summary of Practice
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portion of this suspensién The suspension may be diluted count for the particle size ranges of concern. Primary counting
with clean gas, as required, to keep the particle concentratioefficiency data are procured using monodisperse spherical
sufficiently low so that the coincidence error is below 3 %. Thecalibration particles. Counting efficiency data for specific
particle size and relative standard deviation of the calibrationrmaterials can also be procured with a suspension of polydis-
particles is either measured before the sizing accuracy deteperse particles that may contain particles of varied materials
mination or the particle vendor reports data traceable to thand shapes. The counting efficiency determined for such
National Institute of Standards and Technology (NIST) ormaterials may vary from the primary counting efficiency.
equivalent agency on the modal size and relative standard 4.6 Particle concentration limit—If the particle concentra-
deviation of the calibration particles. The DAPC modal pulsetion in the DAPC becomes excessive, then the probability of
amplitude response to the calibration particle suspension isiore than one particle being present in the sensing volume at
recorded along with the standard deviation of the DAPC pulsany time may become significant. In that situation, several
data. This procedure is carried out with batches of monodissmall particles simultaneously present in that volume will be
perse calibration particles whose sizes are within the DAPGeported as a single larger particle, resulting in a report of
dynamic range. larger and fewer particles than those actually present in the

4.3 Particle Sizing Resolutier-Sizing resolution of the suspension being measured. The particle concentration limit is
DAPC defines it's capability to differentiate between particlesdetermined by producing a series of aerosol suspensions
of nearly the same size. This DAPC parameter is determinedarefully diluted and sampled by the DAPC. Each of the
after the particle sizing accuracy measurements are completeslispensions is diluted so that the concentration of each
Data obtained during determination of particle sizing accuracykucceeding suspension is reduced by a constant factor from that
can be used to determine particle sizing resolution. An aiof the previous suspension. The reported concentration of each
suspension of monodisperse calibration particles is generatetispension is recorded. At excessive concentrations, the ratio
as stated in 4.3. Particles shall be larger than the DAPC lowesf succeeding reported concentrations will be less than the
sizing limit by a factor of at least 2. The modal pulse amplitudedilution ratio. This indicates that coincident particles in the
and relative standard deviation is determined for the batch (asensing volume are being reported as single particles. When
batches) of particles used; these data are converted to partialee concentration is low enough so that only individual
size mode and standard deviation. The increased relativearticles are being counted, then the reported concentration
particle size standard deviation as compared to the NISTratio between two succeeding measurements will be nearly the
traceable data is used to calculate the DAPC particle sizingame as the dilution ratio. The upper concentration where this
resolution. Normal practice is to report the particle sizingphenomenon occurs is then accepted as the DAPC particle
resolution as the increased relative standard deviation as goncentration limit.
percentage of the size for the particular batch of calibration
particles. 5. Significance and Use

4.4 Zero Count Rate- When a DAPC is used for measure-
ment of particle concentration in very clean gases, the numbe({f
of particles counted per unit time may be very low. If the
DAPC electronic or optical system is generating any nois
pulses with amplitudes similar to those reported for particles

5.1 Much present-day technology depends upon operation
components whose performance may be degraded if par-
ticulate materials are present within their working elements.
®roduction of these components in an environment contami-
aﬁated by airborne particles may cause failure or poor perfor-

DAPC with air known to be free of particles larger than the
lower sizing limit of that DAPC. Filtering the sampled air to
the DAPC inlet with a filter which recording the DAPC count
data over a specified time period will provide valid zero count

ratf:%taﬁi le Counting Eficiency-A nsion of airborn quently used to characterize air cleanliness. The usefulness of
- Farticie L.ounting EINCIENGY-A suspension ot alrborne (gata from that DAPC requires reliability of the DAPC for

Eﬁglzﬁ;éﬁ 2sgeggte(:oér:}ge§ gg?nm?; e\:\;ge\;v?th?jr\évv?/lr!-r;gﬁ ccurate sizing and counting of the particulate materials in the
p P ' P &l which it is sampling.

single location within the chamber by the DAPC and by a
reference particle counting device (RAPC). The sample hanE-3 Interferences
dling systems for both units should be designed so particle”
losses during transit from the chamber to either unit are either 6.1 Uncontrolled intake of environmental airborne particles
identical or negligible. The reference device should be onéluring testing will cause errors. Since the particles used during
known to have 100 % counting efficiency for the smallestthe DAPC testing are in the size range and concentration that
particles in the suspension. Counting efficiency is defined aghay be similar to those of normal airborne particles in an urban
the ratio of the DAPC particle count to the reference deviceenvironment, it is necessary to ensure that neither normal
airborne particles nor dust particles entrained from surfaces in

the area are allowed to enter the test system or the DAPC under
8 Rimberg, D. and Thomas, J.W., “Response of an Optical Counter to MonodisIeSI- .Operat'on in environments where clean air is present IS
perse Aerosol’ Atmospheric Environmentol. 4, 1970, 680-688. required. If a Federal Standard 209E Class M4.5 (1000) or

airborne particles that may be present in the production area.
An accurate measurement of the number and size of particles
is required to determine the effectiveness of control methods to
maintain cleanliness in that environment. A DAPC is fre-
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better cleanroom is not available for testing, a vertical orparticle concentration by dilution. Aerosol generators of this
horizontal flow clean bench should be used. type are typically available from DAPC manufacturers.

6.2 Since the DAPC is a high sensitivity device, it may be 7.6.2 Vibrating Orifice Aerosol Generat8r A vibrating
affected by radio-frequency or electromagnetic interferenceorifice aerosol generattcan produce uniform droplets with
Precautions should be taken to ensure that electrical noise fiameter between 20um and 400 pm at a controlled rate. By
the test area environment does not exceed the capabilities spraying a liquid with or without dissolved materials present in
the DAPC. Electronic or operational verification, such asthat liquid, the generator can create solid or liquid particles
indication of acceptable background levels, can be made twith good uniformity of size, shape, density, and surface

verify the noise level. characteristics.
7.7 Oscilloscope— An oscilloscope is used to view the
7. Apparatus voltage pulses generated by the DAPC. Indication of pulse

d amplitude levels can be seen and observation of the pulse
to reduce electrostatic charge on aerosol particles in order tBattern a!ds_ In mal_ntalmng th_e particle inlet rate at a level
here coincidence in the sensing volume does not occur.

reduce agglomeration of airborne particles and losses b¥y . .
deposition on transit tubing walls. Either a radioactive source 7.8 Pulse Height Analyzer—_A pulsg height analyzer (PHA)
ollects and analyzes the distribution of voltage pulses from

or a bipolar electric field generator can be used to generat% di ticles. Th ired pul it .
sufficient bipolar ions to produce a nearly neutrally charged. Onodisperse particles. 1he required pulse voltage range, rise
. - ime, duration, and time between pulses should be procured
particle suspension. . .
7.2 Barometer—A calibrated barometer with accuracy of from the DAPC vendor. The PHA should display data in at
' y least 64 channels with resolution of at least 1 % of the average

13733P|2'|(t1 mn;\Hg)t. idae filt filt bl it with at voltage measured. If the DAPC electronic system includes a
-5 Fhiter—aA cartridge fiiter or fiter assembly Uunit with at - pya \which meets these criteria, then it can be used.

0 . .
least 99.97 % removal efficiency for particles equal to an 7.9 Reference Particle CounterA reference particle

larger than the DAPC lower sizing limit. Pressure drop across., inter (RAPC) is a DAPC whose counting efficiency has been

the filter unit should be small enough so that the air flow rate o rified to be 100+ 5 % at the lower sizing limit of the DAPC

to the DAPC can be maintained as its rated level with this filter o :
attached to the DAPC inlet. under test. The RAPC sizing resolution should be no greater

, i ) than 5 % at the lower sizing limit of the DAPC under test. A
7.4 Flowmeter—A gas flow measuring device with flow rate .,hqensation nucleus counter (CNC) can be used as an RAPC
error of less than 3 % of full scale flow. Full scale flow should

o o with an appropriate means of removing all possible liquid
be no more than 150 % of the specified DAPC flow rate. Theygnension residue particles significantly smaller than the

flowmeter should have a pressure drop small enough so that i, n,gisperse particles used for testing, but sufficiently large to
does not cause an error greater than 2 % in the sampled flo§s ~ounted by the CNC. If a DAPC with lower sizing limit
rate due to that pressure drop. The flowmeter data outpyfe|qyy that of the DAPC under test is used as an RAPC, then it

should report the volumetric gas flow rate at ambient pressurgn,id have been calibrated for counting efficiency with a
and temperature. If a mass flowmeter is used, then the magsiqated RAPC.

flow rate should be corrected to volumetric flow rate at ambient 5 1 Temperature Measuring DevieeA calibrated ther-

pressure and temperature. o mometer or thermocouple with accuracy of 0.2° Celsius.

~ 7.5 Mixing Chamber— A vessel with fittings to allow 711 Tuping—Flexible tubing is required to connect the
introduction of a monodisperse aerosol stream along with §aApc inlet to the test aerosol source, to a filtered air supply,
dilution air stream, if required. Both inlet fittings are located in 5, {g flow measurement systems. The inside diameter of the
such a way that the two streams will mix thoroughly. The totalyhing should be essentially the same as that of the DAPC inlet

volumetric flow rate of the two s'greams should. be in the rangsiiting and large enough so that flow is not restricted. The
from 150 to 200 % of the combined volumetric flow rates of yping material should have sufiicient conductivity so that it

the DAPC and an RAPC. Additional tubing with fittings lead t0 yoes not build up or retain electrostatic charge such that

a single location within the mixing chamber to the DAPC andpaticles will be retained upon the tubing surfaces. Materials
the RAPC are included and laid out so that the flow pathsch as polyurethane, plasticized polyvinyl chloride or other
configurations to the DAPC and the RAPC are similar. Aqnductive polymers are suitable.

filtered vent line is included with a filter of sufficient capacity 7 1- Tubing Fittings and ConnectiorsFittings, as neces-

so that the pressure in the mixing chamber remains in the ranggyry. to make leak-free connections between the inlet to the
of ambient pressure: 5 % when aerosol and dilution air flow papc and any apparatus used for testing. If changes in tubing

into, and sample flows and vent flow out of the chamber takgjrection are to be used, avoid elbow fittings with small radius

place. _ of curvature; these can remove some particles due to deposition

7.6 Monodisperse Aerosol Generator as a result of centrifugal force.

7.6.1 Suspension Droplet AtomizefThis device is used to
spray a dilute water suspension of monodisperse particles.
Clean compressed gas is used to generate the spray and to carry —

. F Berglund, R.N., and Liu, B.Y.H., “Generation of Monodisperse Aerosol

partlcles to the DAPC. Clean dry al.r is added to the. spray t%tandards”, Environmental Science and Technology, Vol. 7, 1973, pp. 147-153.
evaporate the water droplets, leaving the test particles. The 1o 5 gitable source for this generator is TSI, Inc., P.O. Box 64394, St. Paul, MN

amount of added air may also be used to modify the drysies.

7.1 Aerosol NeutralizerA bipolar ion source may be use
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7.13 Ultrasonic Cleaner—An ultrasonic cleaner rated at 30 upstream of the DAPC inlet using as short a tubing length as
to 60 W with a one to two liter tank is recommended for possible so that the flowmeter is not affected by any pressure
dispersion and de-agglomeration of monodisperse particleslrop in tubing to the flow meter inlet and the DAPC pump and
For most particle suspensions, sonication for time periods frofflow measuring system are not affected by pressure drop in

10 s to 5 min is adequate. tubing and fittings to the external flowmeter. Fig. 1 illustrates
the recommended setup for inlet sample flow rate determina-
8. Reagents and Materials tion.

8.1 Deionized or distilled water is required to disperse and 10.1.2 Place the DAPC under test with the calibration
dilute the monodisperse latex suspensions before aerospwmeter connected to the DAPC inlet in an environment
generation. References to water shall be understood to med#¥jiere the particle concentration is no greater than that for a
reagent grade or cleaner level water as defined in Specificatigheanroom classified at Federal Standard 209E Class M4.5
D 1193. (Class 1000). This environment will ensure that no excessive

8.2 Monodisperse Spherica| Partic%uspensions of particulate contamination during this test will affect the flow-
monodisperse polystyrene latex particles (PSL) are available ifneter or the DAPC operation.
size ranges with median diameters from less than 0.1 um to 10.1.3 Record the local air temperature and barometric
greater than 10 um and with relative standard deviations leggressure.
than 5 %. These particles are suspended in water with sufficient 10.1.4 Turn on the DAPC and allow sufficient warm-up
wetting agent to permit good dispersion, even after longime to obtain uniform, stable air flow through the calibration
storage at temperatures above freezing, along with sufficierfftowmeter and into the DAPC inlet.
bactericide to prevent growth of bacteria that may be deposited 10.1.5 Record the flow rates reported by the calibration
into the container from the atmosphere when it is opened foflowmeter and by the DAPC meter. If the DAPC reports only
use. qualitative flow (for example, acceptable or not), record that

8.3 Compressed Air SupphrClean, compressed air will be information.
used to prepare, transport, and dilute particle suspensions used;0.1.6 If the calibration flowmeter indication is not within
to test the DAPC. The compressed air shall be at a line pressuig) 9 of the specified flow rate, or indicates only qualitatively
of at least 170 kPa (25 Ibs/f).above atmospheric pressure at that the flow rate is not correct, then adjust the flow to meet the
a flow rate of 0.00236 fifs (5 ff’/min) when reduced to specified flow rate or define a flow rate correction factor for the
atmospheric pressure. The compressed air should be finghaApC. If the DAPC flow rate cannot be changed, inspect the
filtered using a filter with pore size no greater than 20 % of thQDAPC flow system for leaks or flow component b|ockage and

lower size limit of the DAPC being tested. make repairs where required. Record any modifications to
L o DAPC components.
9. Calibration and Standardization 10.2 Particle Sizing Accuracy Determination

9.1 The DAPC under test should be clean and in good 10.2.1 Apparatus and Materials

operating order. Reference the DAPC vendor's most recent 10.2.1.1 Monodisperse calibration particles as defined in
primary calibration data and standardize the operating levels &f 2. particle sizes of selected batches shall range from the
the DAPC in accordance with the vendor’s applicable field orpAPC lower sizing limit to at least 50 % of the maximum size
metrology facility standardization procedure. capability.

9.2 Where monodisperse particles are to be used for testing, 10.2.1.2 clean diluent water as defined in 8.1. It may be
select particle batches with data on median diameters angbcessary to clean the diluent water beyond the reagent grade
standard deV|at|_ons provided by the s_uppller. These data shoulgbanliness level for work with DAPCs for measurement of
be procured using procedures and instruments whose perfagypmicrometer sized particles. If necessary, clean the water by
mance has been verified as listed in 2.1. filtration into well cleaned containers. Use a filter with pore

. 9.3 Control the particlle goncentration in the aerosol dispersjze no more than 20 % of the size of the smallest particles to
sion to a level where coincidence errors are less than 3 % angh syspended in that water.

maintain the DAPC inlet flow rate to the manufacturer’s
specified level. The aerosol particle concentration may be
controlled by adjusting the particle concentration in the dis-

persed particle suspension fed to the monodisperse aerosol <——Flowmeter Inlet
generator and by adding particle-free dilution air to the aerosol
as required. Refer to the DAPC manufacturer’s specifications Flowmeter
for coincidence error, concentration limits and flow rates for
the DAPC under test. < DAPC Inlet
10. Procedure DAPC
10.1 Inlet Sample Flow Rate Determination
10.1.1 Select a calibration flowmeter as described in 7.4,
along with suitable fittings and tubing to connect the flowmeter < DAPC Outlet
to the DAPC inlet. The flowmeter should be connected FIG. 1 Inlet Sample Flow Rate Test Setup
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10.2.1.3 Aerosol generator as defined in 7.6. Either the latex
particle suspension atomizing generator of 7.6.1 or the vibrat-
ing orifice aerosol generator of 7.6.2 will require compressed—»
air as defined in 8.3 for generation and transport of test particle
suspension to the DAPC under test. If the atomizer generator of
7.6.1 is used, then clean compressed air at a pressure ranging i 7 |
from 68 kPa to 170 kPa above atmospheric pressure (10 to 25
psig) will be required for droplet generation; clean compressed Note 1—
air at a pressure of approximately 250 Pa will be used for
dilution and transport of the generated aerosol for both Legf”dc . .

. . o . = Compressed air cleaner and drier
generators. If the vibrating orifice generator is used, only, Aerosol generator
low-pressure clean air will be required for transport and 3 Dilution air line (with flow control)
dilution of the aerosol. An aerosol neutralizer, as defined in 7.1,4 Diffusion drier
may be used to reduce particle loss from the generator due t§ = Aerosol neutralizer (optional)
agglomeration and deposition. Use of the aerosol neutralizer i§ E[g‘;vc'aa'anc'”g vent filter
optional for determining particle sizing accuracy.

10.2.1.4 Tubing as defined in 7.10. The inside diameter of FIG. 3 Arrangement for Particle Size Calibration Test
the tubing should be selected so that flow is not restricted.

10.2.1.5 Tubing fittings as defined in 7.11. there is no external output pulse connector, the DAPC manu-
10.2.1.6 Oscilloscope as defined in 7.7. facturer can provide information as to availability and location
10.2.1.7 Pulse height analyzer as defined in 7.8. of an internal connection for this connection.

Note 1—Response of some DAPCs may be polytonic over portions of 10.2.2.3 Connect the pulse height analyzer to the DAPC
the response range. In these portions, scattered light flux levels maglectronic system directly after the last amplifier before the
increase and decrease as particle size increases. See Fig. 2. Definifalse sorting portion of the DAPC electronic system. The
particle size data cannot be defined in the voltage outputs and size rangggrrect location for this connection can be obtained from the
indicated between the dashed lines on th_is figure. Calibration particle SizqﬁAPC operating manual or from the DAPC manufacturer. If
should be chosen to permit good definition of any such reversals. the DAPC has a built-in pulse height analyzer, then it can be

10.2.2 Procedure used for this procedure.

10.2.2.1 Connect the output line of the aerosol generator to 10.2.2.4 Select the particle sizes within the DAPC dynamic
the DAPC inlet with a Iength of tublng no |Onger than 1 meter.range which will be used for determining particie Sizing
The connection from the aerosol generator shall be oriented S&curacy and prepare diluted liquid suspensions from the
that the aerosol flow to the DAPC is Vertica”y downward to monodisperse partic|e Suspensions as Origina”y procured_
minimize preferential loss of large particle due to gravitationalgased on typical delivered concentrations from vendors for the
effects. Fig. 3 illustrates the recommended setup for determinmonodisperse latex particle suspensions and the requirement to
ing particle sizing accuracy. Use of then aerosol neutralizegenerate droplets with essentially all containing no more than
shown here is optional for this test. one particle, recommended concentratidnsf the diluted

10.2.2.2 Connect the OSCiIIOSCOpe to the DAPC OUtpUt t%uspensions for Spraying are shown in Table 1.
observe the output pulses to the data processing system. If10.2.2.5 Turn on the DAPC and ensure that it is set up for
standard operation. Set the DAPC data reporting system to the
cumulative mode and verify that the first channel of the DAPC

D is set to the lower sizing limit of the DAPC.
A 10.2.3 Operate the aerosol generator with only dilution air
P flow to ensure that the flow from the aerosol generator to the
cC DAPC is sufficient to prevent any ambient air entering the flow
to the DAPC. This condition will be evident when the DAPC

O beo—eue oo o=
L S A '
t ' 11JIS B-9921 Japanese Industrial Standard-Light Scattering Automatic Particle

1

. ' Counter
p 1 i
u | ! TABLE 1 Concentration of Diluted Calibration Particle Liquids
t I : Calibration Particle Size Volume Concentration (approximate %)

) | 0.1 pm 0.00001

! | 0.2 ym 0.0001

! 0.3 um 0.0003

: l 0.5 um 0.001

! ) 1.0 pm 0.005

. ' 2.0 um 0.01
Particle Size 5.0 um 01

FIG. 2 Polytonic region of DAPC Response Curve
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shows zero particle count data. When this condition has beetiameter, the light scattering as a function of particle size will increase
verified, turn on the air flow to the droplet producing portion of from a second power function of diameter to a sixth power function of

the aerosol generator. Adjust that air flow to the recommendegiameter; this results in a skewed distribution. As the test particle size
pressure for the aerosol generator being used. Adjust th ecreases to the lower size limit for the DAPC being tested, the amplitude

L . . ; . pulses generated by particles will decrease to a level where electronic
dilution air flow while observing the oscilloscope screen so thab,q gptical system noise may increase the particle pulse level by a

individual pulses from the DAPC are being generated withsignificant amount unless the DAPC noise level is no more than an
sufficient spacing between pulses so that individual particlénsignificant fraction of the particle signal level. For older DAPCs using

count data will be accumulated by the DAPC. The pulsecomparator systems to define particle data, the voltage level setting for the
counting rate shall be no greater than that which will indicatd?APC lower size limit shall be at least 1.15 times the noise level voltage

a particle concentration of 25 % of the DAPC recommended'Né"® 0ne noise pulse occurs in a time period required to accumulate a
concentration limit defined minimum number of particle counts. Otherwise the validity of

data for the DAPC lower size limit may be questionable. For DAPCs
10.2.4 Collect data so that at least 5000 pulses are acCUMysing microprocessor interpretation of pulse-height analyzer data to count

lated. Determine the average value of the DAPC output pulsend size particles, a similar limitation on the zero count rate is required.

voltage from the pulse height analyzer for the particle sizeror these instruments, a batch of monosize particles at or near the lower

being used for this portion of the test. Either the mode or theize limit specified for that instrument is passed through the DAPC

median of the voltage pulse height distribution can be used t§ensing volume and the PHA channel at which the peak of the pulse height

define the average output voltage. The mode of the pulse heigﬂistribution occurs is noted. The measured noise count rate which occurs
) a

distribution i | d defi h | at that PHA channel level shall not exceed the specified maximum zero
Istribution Is commonly used to define the average vo tageeoum rate (see 10.3) for that instrument.

use of the median voltage is an acceptable alternative that may .

result in a minor difference in reported average voltage. The 10-2-6 Repeat10.2.3-10.2.5 for each batch of monodisperse
calibration report shall identify how the average voltage igparticles selected to determine particle sizing accuracy for the
defined. DAPC. If data are collected from an external PHA, then record
(£ tabulation of average voltages for each selected test particle

10.2.5 The mode of the voltage pulse amplitude distributio ) :
ize. This tabulation can be used to prepare a log-log plot of

is determined by finding the voltage level at which the greates . . -
number of pulses are produced from a batch of monodisper APC output voltage as a fun_ctlor_1 of pgrtlcle Siz€. .lf any

particles. The median of the voltage-pulse amplitude distribup()l_yton!C response, as shown in F'g'. 2, IS noted during the
tion is determined by finding the voltage level at which half of Calibration, the size range(s) over which this response occurs
the pulses are larger than that level and half are smaller that}@!!l be reported. .

that level. An example of an idealized pulse height distribution ,10'2'7. Cqmpare the average pulse voltage versus pa_rtlcle
from a batch of monosized particles near the lower sizing limitSi2€ calibration data to the data from the most recent calibra-

of a DAPC is shown in Fig. 4. This figure also shows noisetion. If the difference between the two sets of measurements is
it ore than 15 % in voltage for the same particle size levels,

pulses from the DAPC. Since the smallest pulses to be report dial hould be tak h
are at either the mode or the median pulse amplitude level fro en remedial measures should be taken to ensure that compo-
nts performance will not continue to vary.

the test particles, the noise pulses are rarely reported, as long £

the measured zero count does not exceed the specified level, 10-3 Zéro Count Level Determination
10.3.1 Apparatus and Materials

Note 2—When determining the reported average size for monodis- 10,3.1.1 Filter as defined by Item 7.3.
perse particles larger than approximately one micrometer in diameter, a 19 3.1.2 Tubing as defined by Item 7.10 to connect the filter
pulse height distribution will be produced that is nearly Gaussian in o . i . .
configuration. As particle size is decreased to approximately 0.3 pum irglcj)ggitbltg the DAPC inlet. Use a short section of tubing as

10.3.1.3 Tubing fittings as defined by Item 7.11.

10.3.2 Procedure

10.3.2.1 Securely connect the filter outlet to the DAPC inlet

as shown in Fig. 5.

Median

+ < Filter Inlet
FREQUENCY
Filter
< DAPC Inlet
Doublets
DAPC
Vl Vy
PULSE AMPLITUDE - < DAPC Outlet
FIG. 4 Pulse Height Distribution near DAPC Lower Sizing Limit FIG. 5 Zero Count Level Test Setup
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10.3.2.2 Adjust the DAPC to report particle count data in 120
the cumulative mode.

10.3.2.3 Operate the DAPC for a maximum period of 60=
min in order to remove any residual particles from the interiorg s s
of the DAPC optical system. Although data are not collected2 7
during the purge time, observe the reported data accumulaticg  5° E/
rate for particles= the lower sizing limit to ensure that release £ /
of residual particles is no longer occurring at a significant rate /

10.3.2.4 Reset the DAPC data display to zero, measure andl 2o
record total count of particles the lower sizing limit for at
least two ten minute periods.

10.3.2.5 Compare the data collected in 10.3.2.4 for reported Dp [um] >
number of particles= the lower sizing limit with the DAPC FIG. 6 Voltage Pulse Distribution for Sizing Resolution
manufacturer’s specified zero count rate. If the reported zero Determination
count rate exceeds the specified zero count rate by more than
50 %, remedial measures will be required.

10.4 Particle Sizing Resolution Determination

100

e

0

Q.1

size to a power that may vary for submicrometer particles.
Thus, the distribution of voltage pulse amplitude will not be a
Note 3—DAPC sizing resolution shall be determined at a particle sizeGaussian distribution, as expected for the test particle size
within a monotonic region of the DAPC output. The DAPC output versusdistribution. Fig. 6 shows how some DAPC larger noise pulses
particle size and particle sizing accuracy shall be defined before deteand smaller particle pulses may overlap. In addition, pulses
mining Sizing re.SOIU.tiOn. Particle SiZe(S) Chosen .for deflnlng reSOIUtiOrfrom Sma” Suspens|ons water background debns and surfactant
shall be two to five times larger than the_lower sizing I|m'|t of the DAPC article residue may distort the calibration particle pulse height
so that all pulses produced by those particles have amplitude greater than .. "~ . . .
the pulse amplitude for the lower sizing limit of the DAPC. |str|_but|on. As seen from t_hl_s figure, these grtlfact datg are not
considered when determining th& one sigma deviation

10.4.1 Apparatus and Materials values.

10.4.1.1 Use the apparatus and materials described under10.4.2.5 Using the particle size data developed in 10.4.2.4,
10.2.1. determine the differences between the mean size and the sizes

10.4.2 Procedure for populations plus and minus 61 % of that at the mean size.

10.4.2.1 Set up the aerosol generator and connect its outplihose differences represent one standard deviation above and
to the DAPC as shown in section 10.2. The oscilloscope antielow the mode for a Gaussian size distribution. The differ-
PHA should be connected to the DAPC as specified in 10.2ences above and below the mean size shall agree within 5 %.
Select a particle size approximately twice that of the lowerNote the standard deviation reported by the standard particle
sizing limit of the DAPC. supplier for the batch of monosized particles used for this test.

10.4.2.2 Adjust the DAPC to report data in the differential 10.4.2.6 Determine the average of the standard deviations
mode. Based on the calibration data derived in 10.2, define thend square that average to convert it to a variance. If the value
pulse amplitude mode for the particle size selected in 10.4.2.0f either of the standard deviations differs from the average by
and for particle sizes approximately 25 % larger and smallemore than 20 %, realignment is required for the DAPC optical
than that size. Set the PHA to report pulses within this rangesystem. Subtract the variance defined by the particle supplier’s

10.4.2.3 Generate an aerosol using the method described #@ta from the variance developed by the measurements just
10.2.2. Adjust the dilution air flow to keep the concentration tocarried out and take the square root of the difference. This will
a level approximately 25 % of the recommended maximunie the standard deviation of the size distribution added by the
concentration for the DAPC under test. Observation of théesolution limit of the DAPC. The DAPC resolution is calcu-
oscilloscope display should then indicate discrete pulses wittted by dividing the square root value just obtained by the
amplitudes nearly identical. mean diameter of the test particles. The resolution can be

10.4.2.4 Set the PHA cursor at the pulse amplitude mod&xPressed apercent resolutiqrby_ multiplying the resolution .
(the calibration voltage as defined by the particle sizingby 100. If the percent resc_>|ut|on is greater than 10 %, remedh_all
accuracy measurement of 10.2) and collect data until 10067€a@sures may be required to realign optics or electronic
pulses are collected at that level. Move the cursor to the pointgomponents. _ _ o
on both sides of the calibration voltage point where the 10.5 Particle Counting Efficiency Determination
numbers of pulses have decreased to 61 % of the number at theyore 4—Counting efiiciency determination can be determined by one
calibration voltage. Where no PHA channel has exactly 61®f two procedures. A primary meth&trequires the use of a condensation
counts, define a voltage for that count number by interpolatingucleus counter (CNC) in combination with an aerosol size separator (for
between channels spanning that value. The particle sizes fékample, a differential mobility analyzer [DMA]) as a reference particle
those points will be the particle sizes for particle popu|ationscounter to ensure that the concentration reported for the batches of
one standard deviation greater than and one standard deviation

i i i i . i . |
;ﬂill?jra:ra].a#otrzescrﬁlal.ﬁrgg?t?clpea;tlﬁlljsﬁg{aénsStllfee p'g% tS’uasgLOtf;b 12_ Peters, C., Gebhart, J., and Sehrt, S. 1991 “Test of High Sensitivity Laser
, article Counters with PSL-1 Aerosols and a CNC Referentmirnal of Aerosol

this definition. The pulse amplitude is a function of the particlescience22(sI):5363-S366
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monodisperse aerosol challenge does not include data from residubdrger than 5 um are suggested here. Place a diluted suspension
particles smaller than the selected size. A secondary mthees a (see Table 1) of these particles in the aerosol generator.

secondary standard DAPC which has been calibrated, shown to have goodl0 524 O te th | t d add diluti .
sizing resolution, and is verified to have 100#%b % counting efficiency e pgera e the aerogo genera Qr an a ; llution air
at the lower size limit of the DAPC being tested. The primary method isSO that the particle concentration present in the mixing chamber

normally used by DAPC manufacturers and by DAPC users with accests N0 more than 25 % of the maximum recommended concen-
to a capable metrology laboratory with the required CNC/DMA systemtration limit of the DAPC or the RAPC, whichever is lower.
and trained personnel. The secondary method can be used for field 1§ 5 2.5 Allow five minutes for systems stabilization and

measurement and for metrolagy laboratory applications. record the number of particles counted by the DAPC and by the
10.5.1 Apparatus and Materials RAPC. Repeat this procedure by switching the DAPC and
10.5.1.1 Use the apparatus and materials described in SeRAPC inlet tubes and verify that the calculated concentration

tion 10.2.1. data from both the DAPC and the RAPC do not differ by more
10.5.1.2 Mixing chamber, as defined by 7.5. than 5 %. If greater differences are seen, move the sample line

10.5.1.3 Reference particle counter, as defined by 7.8. inlet locations in the mixing chamber until a location is found
10.5.1.4 Arrange these components as shown in Fig. 7. where acceptable data are produced.

10.5.2 Procedure o 10.5.2.6 When similar data are generated by both the DAPC
10.5.2.1 Set up the apparatus as shown in Fig. 7. and the RAPC, collect samples until a total count of at least

~ 10.5.2.2 Setthe DAPC being tested to report particle countgong is reported by the unit with the smallest sample inlet flow
in the cumulative mode and set the smallest size range channgjie

of that DAPC to its lower sizing limit. 10.5.2.7 Calculate the counting efficiency for the DAPC by
Note 5—The lines from the mixing chamber to the DAPC and the using the definition that the counting efficiency is equal to the
RAPC shall acquire samples from a well-mixed volume in the mixing 100 times the ratio of the calculated concentration reported by
chamber and shall be configured to minimize differential losses in transifhe DAPC to that reported by the RAPC.
to the DAPC and the RAPC. If the DAPC and the RAPC do not sample . .
at the same flow rate, use an inlet fitting to each which will ensure 10-5-2.8 Repeat 10.5.2.3-10.5.2.7 with selected monodis-
perse PSL suspensions with sizes decreasing until a counting

isokinetic sampling.
) ; P i
10.5.2.3 Select the largest monodisperse particle size to beefﬁCIenCy value of approximately 20 % is reached. For ad

used for this test. These particles should be in the size range rgnﬁeu;stﬁredrﬁgglttsloghga|(;hgecf:krg:1n?orefgglue:t(i:r¥ Eétfﬁcl:?ss::iézrii-
10 to 20 times larger than the lower sizing limit. If polystyrene 9

. : een 20 and 90 % with one point at the particle size at the
latex sphere (PSL) suspensions are to be used, PSL particles PC lower sizing limit. At the lower sizing limit, the

counting efficiency value should be 50 10 %. (It will not be
13Wen, H.Y.1 and Kasper, G.J., 1986. “Counting Efficiencies of Six Commercial N€CESSary to repeat the inlet tube SW|tChmg operation of
Particle Counters”, Journal of Aerosol Scieric&(6)947-961. 10.5.2.4).
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Legend

Compressed air cleaner and drier
Aerosol generator

Dilution air line with flow control
Diffusion drier

Aerosol neutralizer

Flow balancing vent filter

Mixing chamber

DAPC

RAPC
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FIG. 7 Arrangement for Determining Counting Efficiency
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10.5.2.9 Plot the counting efficiency percentage as a func- 10.6.2.4 Operate the aerosol generator, adjusting the dilu-
tion of particle size for the DAPC. An example of such a plottion air until the RAPC indicates a concentration approxi-
is shown in Fig. 8 with error bars assuming that the only errorsnately twice the recommended maximum concentration for the
are due to counting statistics. DAPC.

10.6 Particle Concentration Limit Determination 10.6.2.5 Turn on the DAPC and record the reported particle

count per unit time and sample flow rate for the reported

Note 6_—The_pa_rtic|e cqncentration limit for a DAPC is affeqted py particle concentration for both the DAPC and the RAPC.

both particle coincidence in the sensing volume and the counting/sizing 10.6.2.6 Repeat 10.6.2.5-10.6.2.8 with the dilution air flow

. limitati f th | . ) .o, -3 ar
data processing rate limitations of the electronic system Comudencghanged for each repetltlon so that the RAPC indicates

probability increases directly with the sensing volume size. The particle .
size is assumed insignificant in comparison with the sensing volume siz&€oncentrations that are 150, 100, 90, 80, 65, and 50 % of the
Large particles passing through the sensing volume can immobilizéécommended maximum concentration for the DAPC being
counting circuitry until the particle is completely out of the volume. tested. Record the DAPC reported concentrations at each of the
Counting rate limitations are inherent in the electronic pulse processinRAPC concentrations. These data can be used to prepare a true
circuitry, although the pulse processing rate limit is frequently less,ersys indicated concentration plot for the DAPC, as shown in
restrictive than the physmal coincidence I|m|t_. The rate at whlc_:h parﬂc_lesFig. 9, where the RAPC data are taken as true concentrations.
pass through the sensing volume can be estimated by assuming a unlfotﬁ1 o . o
particle spatial distribution, determining the number of particles per unit! N€ indicated concentration should be 1806 % of the true
sensing volume as a function of concentration and stating the DAPEONCceNtration when the true concentration is at or less the
sampling flow rate to calculate the number of pulses per unit time. Sincépecified maximum recommended concentration. If this does
the particle spatial distribution is not uniform, but is random, short timenot occur, examine the DAPC to ensure that Sample flow rate
spatial concentrations an order of magnitude greater than the long tergind size range settings are correct. If these are correct, then it
concentaton may exs, Tereore e lctoni eyt st b capatifiay be necessary to realign the optcal system (o ensire tha
pulse rate? 9 9 e sensing volume and sample flow streamlines are not
misaligned.

10.6.1 Apparatus and Materials 10.6.2.7 An alternate method of defining the particle con-
10.6.1.1 Use the apparatus and materials described in secentration limit can be used if a suitable RAPC is not available.
tion 10.5.1. The RAPC shall be one that is known to have a'his method involves a series of accurately defined sequential
particle concentration limit at least one order of magnitudedilutions of the test aerosol. Repeat 10.6.2.2 and 10.6.2.4 with
greater than that specified for the DAPC being tested. Théhe aerosol generator operating so as to produce an aerosol
apparatus should be arranged as shown in Fig. 7. concentration that is significantly greater than the DAPC

10.6.2 Procedure specified maximum concentration limit. Note the concentration

10.6.2.1 Set the RAPC and the DAPC to report particlg€Ported by the DAPC. . .
counts in the cumulative mode with both DAPC and RAPC. 10.6.2.8 Adjust the aerosol generator unt|lth_e concentration
reporting counts for particles the lower sizing limit of the is diluted by a factor of two. Note the concentration reported by
DAPC the DAPC.
| . . .10.6.2.9 If the concentration is reduced by a factor of two,
10.6.2.2 Select a batch of monodisperse particles that are fen that concentration is less than the DAPC particle concen-

g‘z:g%;?:g?ezftégoaf dflv; élén:s d?ﬁ;gvgrssggé?olrzn}g:; i‘ae tlration limit. If it is decreased by a factor of less than two, then
9 P P btﬁ"at concentration is above the DAPC concentration limit. If

1) of these particles in the aerosgl ge_nerator._ . the latter occurs, then repeat 10.6.2.8 until the reported
10.6.2.3 Operate the RAPC with dilution air only entering concentration decreases by the same factor as the dilution ratio.
the mixing chamber at this time.
Note 7—If adjusting the aerosol generator concentration is not fea-
sible, then use a commercially available aerosol dilution system to control
the reduction of particle concentration to the DAPC being tested.

11. Precision and Bias

11.1 No statements are made about the precision or bias of
this practice since results state whether there is conformance
for success, as specified in the procedure. Operational and
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FIG. 8 DAPC Particle Counting Efficiency FIG. 9 Indicated Concentration versus True Concentration
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design variations for different instruments will result in differ- 12. Keywords
ing results when measuring normal aerosols. Thus, testing with
contaminant aerosols different in physical properties from the
calibration material can lead to different results when usingD
DAPCs that are not identical in optical design.

12.1 calibration; particle counting; particle size resolution;
article sizing accuracy; sample flow rate; zero count rate
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