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Objectives

To enable PEMS4Nano to run the proposadine andrehicle emission measurements, a suitable and calibrated
Condensation Particle Counter (CREPEMSuseisnecessaty Thi s i nstrumenPEMETREL)t n
must be optimizedby PEMS4Nano partner T8lachieve a particle detection efficiencysgpPless than 10 nm for
“soeloitke” particles. An initial calibration mulEst be
initial calibrationfor the PEMS instrumenis done withthermally conditioned,CAS3generated flame soot

particles as dibration aerosol. This ensures comparability with the calibration of 2PEWMSCPCss used for
measurements accordingg EURO 6d

After the initial calibration, the instrumenfintegrated into a Horiba OBSne instrument)is handed oveto
PEMS4Nao partner Horiba (Oberursel, Germany) for further tests and for integration of the device into the 10
nm PEMSneasurement system.

Method

A 23 nm CPC (TEMSCPC as used in HoribBSOneseries) was used as the base for optimization. Saturator
temperature and condenser temperature of the instrument had to be changett&tch the target particle
detection efficiency fothermally conditioned CAST flame sadtgreater than ® % at 10 nm.iBce this change

in temperatures also results in a change of the ins
concentration dependent coincidence error changes compared to a 23 nm CPC. The concentration response
linearization must baltered to account for this effecOther characteristics of the instruments may suffer as well
when decreasing the detection limit for particle size: The consumption of working fluid (isopropyl alcohol, IPA) will
increase while the allowed window of (areanmental) operating temperatures will decrease. These chaages
important to determine necessary improvements for a future commercial 10 nm PEMS CPGuwill ty
determined and documented for the originalstrument settinggDso = 23 nm) andhe setingsoptimizedfor Dso

<10 nm.

After optimizing the settings of th#0 nm PEMS CRE& achieve a E) of lessor equal1l0 nmtogether with the
required linearity of response in an iterative procee initial calibration measurements were carried olle
detection efficiency measurements were run against a Faraday cup aerosol electrometer, @rCQAEfine CPC
(TSI Model 3776), or a TSI CPC Model ag#2ference detector.

To characterize the 10 nREMSCPC, the detection efficienayasmeasured aseveral particle size§ fim, 8 nm,
9 nm, 10 nm, 11 nm, 12 nm, 14 nm, 18 nm, 23 nm, 30 A&tH5 nm and70 nm, the linearity of the response of
the instrument to changes in particle number concentratigasdetermined. Thdinearity measurementsvere
run at nominal particle number concentrations of 0 €nd,000 cn¥, 2,000 cm?, 4000 cm?, 6,000 cm?, 12,000
cn3, 18,000 cm? and25,000 cm?. The slope of a regression line is derived frolin@ar regressioiiconcentration
measured by the referendastrument REFys. concentration measured by ti@PQinder test CPAJT). Following
the method in regulations 49 and 83, the inverse slope of the regression line idfdletok which must be used
to correct concentration measurements by tR@EUT.

To ensure traceability of the calibration measurements as well as their quality/validity, the test setup for the
measurement of each detection efficiency valwas checked foaccordance with 1ISO 278%91(calibration of
condensation particle counters). Tipginciples of thesame standardvere applied to check the validity of the
measurements (e.g. sufficient stability of the concentration of the calibration aerosol, accuracy of its size, flow
splitter bias, fraction of multiply charged particles etc.). The criteria used to qualify the CPC for use in PEMS4Nano
are those agreed to in WP1 and documented in DAslmentioned above he target detection efficiency at 10

nm - when measured witlthermally conditoned CAST soetvas set tadb0%.

Results
Theparticle size dependent efficiency of thi@nm PEMS CPC under test (CHds shown in Figure 1. As can be
seen, thedetection efficiency at 10 nm is 52%. Accordingly, thg<at 9.6 nm.
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CPC-UT Standalone Detection Efficiency
for Ts=36°C and Tc=20°C, classified miniCAST soot
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Figure 1 - Sizedependent detection efficiencies of the 10 nRREMSCPC fothermally conditioned and size

classified miniCAST flame soot
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The results of the measurement of the linearity of response are summarizédure 2 The linear regression for

concentrations measured by the reference instrument vs. @REUT - applied toseven numberconcentrations
up to approximately23,000 cm®—results in a slope df.0074, compare Figure 2.

CPC-UT Linearity
T¢=36°C,T.=20°C, 55nm classified miniCAST Soot
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Figure 2 ¢ Regression analysis for concentrations uprtominally 25.000 cm?

The concentration ratiof the measuredk-factor-correctedCPGJT number concentration versus the measured
reference instrument number concentration is shown in Figure 3. As can be seen from this figure, the

concentration error (expressed as residual or deviation from the regression line) is le/tanall meased
concentrations.
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k-factor corrected concentration ratio
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Figure 3 ¢ Cancentration ratio (kfactor correctedNcraut/ Nrep) fOr the measured concentration rangat a
particle size of 55 nm

Finally, additional linearity measurements were made with size classified 70 nm particlésfathea derived
with the 55 nm particles was applied in this measurem@&hie results are shown in Figute

CPC-UT Linearity CPC-UT versus reference concentration ratio
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Figure4 ¢ Results of the linearity check with 70 nm patrticles.

Finally, he IPA consumption and the power consumption of the -OF@ere measuredAs expected, bothhie

IPA consumptioand the power consumption for the 10 nm PEMS CP@ereased compared to the device with
settings for [3p = 23 nm The IPA consumption allows operation for at least six hours. The increase in power
consumption for a complete PEMSy/stem with built in 10 nm PEMS CPC is marginal since the biggest power sink
is the heating of the sampling line.
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To enable PEMS4Nano to run the proposed engine and vehicle @missasurements, a suitable and calibrated
Condensation Particle Counter (CPCHBEMSuse is necessary. This instruméntalledl0 nm PEMSCPGn this
report. As an instrument in a calibration measurement setup, it is the CPC under test, in shorGREdT.

Most requirements are design criteria for the 10 rPEMSCPGwere derived in WP 1 to guarantee a simple way
to integrate the CPC into theREMSneasurement systenHoriba OB®nePN). By choosing the3 nmTSI CPC
engine which is already usefr >23 nmPEMSmneasurements with the Horib@BSOne series, as the starting
point for instrument optimization, these design criteria were automatically fulfilled.

The (>23 nm) CPIDO mustbe optimized by PEMS4Nano partner TSI to achieve a partitdetibe efficiency
(Ds0) l ess than-1&enm poslike patkl@santthe sense of this project are, for example,
particles generated by a quenched diffusion flame aerosol genelig®the Jing miniCAST

Aninitial calibratonmusb e carri ed out t o doc ume Thisinitiahcalibrationsstarted me n t
with an asfound measurement atthé nor mal ” CPC settingsNet ortr h&® 237sthmuR
operating temperatures were changed to reachs @ 10 nmor less Changes in instrument specifications like

IPA consumption andlectrical power consumptiowere determined and reported together with the results of

the calibration measurements

I nstrument s et goasrsal astreasomabhhpossiile weD e i aswellHowewer lhee d
findings in this context are not part of this public report.

After the initial calibration, the instrument is handed over to PEMS4Nano partner Horiba (Oberursel, Germany)
for further tests and for integratioof the device into the 10 nrREMSneasurement syster®BSOnePN

GA #724145 7124
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2.1 Calibrationmethod
2.1.1 General

A 23 nm CPC (TBEMSCPC¢as used ifHoriba PNPEMS OBSnewas the base foCPptimization. Saturator
temperature and condenser temperature of the CPC had to be changed to reach the target particle detection
efficiency 050 % at 10 nnfor thermally conditioned flame soot generated by a miniCa&®dsol generatarSince

this change in temperatures alsote$ t s i n a change of the instrument’ s
the particle concentration dependent coincidence error changes compared to a 23 nm CPC. The concentration
response linearization must be altered to account for this effect.

Q)¢

Asa starting point, a full calibration measurement &iandard settings of the CPGs¢ =23 nm) wasmade.An
“afsound” measur ement pr i o rsettingsfortDiy=l10 omedniirmed that thd settmgso f t h
and calibration foDso = 23 nm ae still valid. Aftedetermination of the optimized CPC settings fajoB 10 nm

the calibrationmeasurements are repeated for thesew settings.

Goal of he calibration procedure is to
a) determine the CPC’'s s iazsevealmnpicersides antd a rbmibaklyc t i o
fixed number concentratioand
bytocharacterize the instrument’s response to ni
aerosol at a fixed patrticle size.

Figures 21 illustrates the setup used for the calibratio measurements. Depending on the purpose of the
measurement, different instruments canbeused t he posi ti on denoted ®“lRefere
To characterize the calibration aerosol, an SMPS (DMAS in ISO terminology) may be used. For efiigeticy
measurements, a Faraday cup aerosol electrometer (FCAE) is applied. For linearity measurements, a CPC 3772 (if
necessary with optional diluter) is used.

Exhaust l Clean dilution air

miniCAST

i . 5 Exhaust
6204C Diluter 1:10

|

Thermal
Aerosol
Conditioning
and
Concentration
Adjustment

Flow Splitter CPC under

test

2 { I optional |
XRay.C.harge DEMC —Y¥>!'  X.RayCharge ———>
Conditioner 1 Conditioner

Optional | Reference
. —
Diluter Instrument

Figure 21 Components used for thEN-PEMSalibration measurements down to particle sizes
of approximatelyl0Onm
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A Jing miniCAST 6204 used to produce the primary aerosad\ first diluter is used to reduce the particle
concentration right after the miniCASTHis dilution reduces particle cgalationandit helps keeping a sufficient
fraction of the smallest particles in the primary aeroddéxt, the aerosol passes through conditioning (a seft X
ray charge conditioner followed by thermal conditioner operated at 350 °C) and concentratiomnaeijagtwo
dilution stages in series). The purpose of the safhyXcharge conditioner is the reduction of particle charges and
thus the reduction of electrophoretic losses in the conditioning and concentration adjustment system. The thermal
conditioner giarantees that only solid particles are used as test aerosol. Figrehdws the conditioning and
concentration adjustment in more detail.

After conditioning and concentration adjustment, the polydisperse test aerosol enters a saft ¢harge
conditioner followed by a DEMC (TSI Electrostatic Classifier Model 378githigha TSI long DMA Meti3081A

or a TShanoDMA Model 3085Awhich is run at a fixed voltage to let momaobile, classifiea¢alibrationaerosol
pass. This mobility classified aerosothen run through another soft-say charge neutralizer (normally turned
off) to a flow splitter. The flow splitter directs the aerosolth® CPC under test and to the Reference Instrument.

Alternatively, theCharge Conditioner pIlUBEMC can be bypassed (dashed line in Figil)eto measure the size
distribution of the polydisperse test aerosol widlDMASplaced in the position of the reference instrumeiito
extend the concentration range of threference instrumen(if necessary)an additional diluter can be used.

o Thermal Aerosol Conditioning 3
Py Ch:rgeg:: g Conditioner and |
;:elzso | . 350°C Concetration Adjustment |

i System 1

. Pressure !

HEPA 3
HEPA Orifice Filt ;
Filter fiter |

Aerosol
Qutlet

Figure 22 Componentaisedfor aerosol conditioning and concentration adjustment in the PEMS calibration
setup for particle sizeslown to approximately 10nm (Fig. 21)

The calibration measurements are all based on comparing the number concentration measurediRineler
test (CPAUT) with the number concentration measurgdparallelby a traceably calibrated reference instrument.
Such comparisebased calibration masurements are standardized:

ISO 27894 describes
- the necessaryaboratory equipmentndits setup
- requirementsandestst o qual i fy t he e qndtheimegnmytofteesayp pl i cabi | i
- the calibration procedure for the determination ofi¢ detection efficiency of th€P@UT at a given
monodisperse particle size and a giygarticle numberconcentration,

GA #724145 9/24
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- criteria to determine the validity of the detection efficiency measurement
- the calculation/estimate of the uncertainty in the detectiefficiency measurement,
- the contents of calibration reports

The instruments and tools used for the calibration measuremants their setup are shown schematically in
Figure 21 and 22. All calibration instruments and tools used for the calibrationasieements had a valid,
traceable calibration certificatélhereference instruments used in this setup were calibrated against a traceably
calibrated mastereference (TSI electrometer 3068B calibrated by the National Physical Laboratory NPL, UK)

The cdibration aerosol used for the initial calibratiaf the 10 nm laboratory CPC (compare deliverable report
D202)was polyalpha olefin PA& (a/k/a Emery oil). This material is commonly used by TSI for engine exhaust
CPCalibrationbecause it offers mangdvantages over other aerosol materials:
The calibration particles are spherical
U no uncertainty due tamtherwiseunknown influence of particle shape on detection efficigncy
i ford= = §5elentmeal mobility equivalent diameter equals geometric diameter
- When generated with an electrospray aerosol generator (EAG) and size classified by differential electrical
mobility classifier (DEMC), particla® practically all singly charged (fraction of multiply charged particles
@ isless than (L %).
- Since premixed solutions are used for the EAG, changing the particle size (10 nm, 15 nm, 23 nm, 55 nm)
is accomplished in some minutes.
- Since introduced for PMEPC calibratiomore than 10 years agdhe use of PAO at TBasproven
excellent repeatabity and reproducibility.

Thermally conditioned (350 °C) flame seatdifferent calibration aerosot wasused for the initial calibration of
the 10 nm PEMS CPQue to its agglomerate shapijs calibration aerosol does not offer the advantages of the
sphericalPAG4. However it can be used when a catalytic stripd€S)s connected to the 10 nm PEMS ClP€
thermally conditioned flame soot particles are stable at CS temperatures up to 350°C

2.1.2 Preparations

The calibration setup (as described in secti2.1.1) was qualified to allow measurements fulfilling the
requirements of ISO 27881 This included testsuch asnward leakage, overall system zero concentratitow
splitter biasand calibration aerosol stability

Compromises were necessdoy some aspects, such #w level of doubly charged particles described in section
2.1.3. While the standard requires the fraction of multiply charged particles in the monodisperse calibration
aerosol to be below 10 %, this value reached approximately 1 fbdbility classified 70 nm particles. This value
was, however, accepted here because (a) the-OP®as reached its plateau detection efficiency and (b) the
reference detector used for thdinearity measurements was a CPC (TSI Model 3772). The conimmtrat
measurements of both the reference instrument and the €AUs not biased by the multiply charged particles.

2.1.3 Size dependent detection efficiency

Particle size dependent detection efficiency is measured wirmally conditioned,monodisperse, singly
chargedflame sootparticles atsizes of 7 nm, Bm, 9 nm,10 nm,11 nm, 12 nm, 14 nm, 18 nm, 8& and30nm.
For all sizes, the particle number concentration is #s maximum possiblevalue. However, number
concentration values ah@ approximately 3000cnt® were not achieved due tdhe small particle sizes in
combination with the particle generation method.

The expectedraction of multiply charged particles in the calibration aerosol downstream of the differential
electrical mobity classifier (DEMGs derived fromthe size distribution of the primanpolydisperseerosol This
size distribution is measured with an SMPS after thermal conditioning and lowest possible dilution (dotted line in

GA #724145 10/ 24
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Figure 21). Measurements to estimatéhe expected fraction of doubly charged particlegre made with
miniCAST settings for 10 nm, 15 nm, 23 nm, 41 nm and 70 nm.

Thermally Conditioned (350 °C) Polydisperse
miniCAST Aerosol
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Figure 23 SMPS measurement of the polydisperse, thermally conditioned miniCAST flame soot aerosol with
miniCAST set for CPCiefency measuremergat 10 nm, 15 nm, 23 nm, 41 nm and 70 nm, respectively.

While the number concentration of the thermally conditioned, polydisperse flame soot aerosol felJTPC
detection efficiency measurements at miniCAST settings for 10 nm isshighe probability for positive or
negative singly charged particles at 10 nm is less than 5 %. This limits the achievable monodisperse particle number
concentration after size classification to approximat&dp0 particles per cms. Typical SMR8asurednumber

size distributions of the thermally conditioned, polydisperse aerosol are shown in Figuigu2 to the generation
method of the primary, polydisperse flame soot particles withyafar less steep decline of number concentration

with increasingparticle size, doubly charged particles can no longer be neglected when this method is used. Table
2-1 shows the estimated fraction of doubly charged particles in the total, mobility classified, monodisperse
calibration aerosol. In case of an FCAE usedfasence instrument, the contribution of doubly charged particles
must be correctedat least for particles largen than 23 ntha CPC is usedths reference instrument, the fraction

of doubly charged particles may be ignored once the-OP®as reacleits plateau efficiency regiofD larger

than approximately 30 nm) because tldeubly charged particledo not change the result of thdetection
efficiencymeasurement.

Table 21 Expected number concentration of monodisperse calibration aerosol adtion of doubly charged
particles, derived from the number size distributions measured by SMPS (see-Bjgrae fractions of charged
particles f, for soft Xray charge conditioners under steady state conditioisare applied.

Dp=1[nm] of | fp=ua[] Expected Dp=2[nm] of | fp=r2[] Expected % N=2
singly clarged Np=1[1/cm?] | doubly charged Np=2[1/cm?3] in Notal
particles monodisperse particles monodisperse
10 0.044 1100
15 0.069 950
23 0.104 2800 33 0.0019 215 0,76
41 0.162 4950 60 0.0135 270 5,17
70 0.210 6400 104 0.042 860 11,9
GA #724145
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2.1.4 Linearity of the response to changes in particle number concentration

The particle number concentration dependent detection efficiency of REUT is measured witkthermally
conditioned,monodispersdlame sootparticles (targemobility diameter55 nm) at concentrationsieasured by
the reference instrumenof 0, 1,000 2,000, 4000, 6000,12,000, 18,000and 25,000 cn?.

A CPC (TSI model 3077) is used as reference instrument in this casmstirasthat multiply charged particles
in the calibration aerosol downstream of the differential electrical mobility classifier (DE&€)no influence on
the result of the measurement of the detection efficiency of the €HCThe reference CPC itsslicalibrated

against a reference electrometer.

The particle number concentrations measured by tRFPEJIT are plotted against thecorresponding
concentrations measurebly the reference instrument. A linear regression forced through zero is appliedamob
aregression liney = a * x.

- The slope a of the regression line is determined and documented.

- The kfactor k =1/a) is calculated and documented.

- Rz of the linear regression is determined and documented.

For all neasurements (up to nominalB5,000cnt3), the kfactor correctedconcentration atio (Nuut'k / Nrep is
calculated and documented

To prove the linearity measurement resultbetlinearity measurement (up to nominally 10,0009)ris repeated
with thermally conditioned, monodisperse flame soot particles with a mobility diameter of 70 nm.

2.2 Results of the initial calibration of the 10 nm lab CPC
2.2.1 Original CPC settingsf the PEMS CPC engine

The PEMS CPC engine used for PEMS4Neserial number 174902. It was first calibrated (fep®23nm) on
December 12, 201 TConditions duringhis calibration were:

Temperature: 24.4 °C
Relative humidity: 24.9 %
Barometric pressure: 983 hPa

When originally set up for particle counting in a 23 nm Horiba-OB&SPN system, the following parameteisich
define size dependent detection efficiency wexgplied:

Saturator: Ts= 30°C
Condenser Tc=21°C

The coefficients for the polynomial furiah for concentration measurement linearizati@coincidence correction)
implemented in the firmware of the CR&re:

G=1.1076
G=-3.9144e-02
G=3.9970 e03
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D2.b—Calibrated CPCwib50 < 10 nm foPU | aboratory use



= - PEMs
.- 4ANano

As a first step, the size dependent detection efficiency and the linearity of theedexre measured with the
measurement setup described in section 2.JEbr both measurements, the reference instrument was a CPC
Model 3772. Figures-2 and 25 show the results of these measurements.

CPC-UT Efficiency
TS=30°C, TC=21°C As Received
Classified miniCAST Soot
D50 =18,6 nm

120%

100% —— —— =%

80%

‘E)“

80%

Detection Efficiency

40% —— =

20%

0% ©
1,0 10,0 100,0
Particle Size, nm

Figure 24 Detection Efficiency of th€P@JTwith original settings for the 23 nm OBSne PN; measured
against a CPC Model 3772 as reference instrument.

CPC-UT Linearity as Received
TS=30°C, TS=-21°C, 70nm classified miniCAST Soot
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Figure 25 Number concentration measurement linearity of the CR{O with original settings for the 23 nm
OBSOne PN; measured against a CPC Model 3772 as reference instrument.
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2.2.2 Measurements with CPC settings for DBQ0 nm

2.2.2.1 Detection efficiency and linearity oresponse

In an iterative process, the temperature settings of the CHCserial number 174902, as abowegre optimized.
The following settings were found optimum:

Saturator: Ts=36°C
Condenser Tc=20°C

The coefficients for the polynomitlnction for concentration measurement linearization (coincidence correction)
found after optimizing for EB3< 10 nm were:

G=1.1095
G=-3.6905e-02
G=3.873e-03

The above settings were stored in the firmware of the ©HQo change its perfornmae as required for§9< 10
nm.

The detection efficiency of the CRO was then measured against a TSI electrometer Model 3068B as reference
instrument. The calibration particles were thermally conditioned (350 °C) flame soot particles generated with the
setupdescribed in section 2.1.1.

The calibration conditions were
Temperature24.7 °C

Relative humidity25.2 %
Barometric pressure984 hPa

Monodisperse calibration particles were produced by size classification in the DEMC (TSI Electrostatic Classifier

Model 3082 with TSI long DMA Model 3081A) at siz&srof, 8nm, 9 nm, 10 nm, 11 nm, 12 nm, 14 nm, 18 nm,
23 nm and 30 nnfor each particlsize, 60 seconds of number concentration data derived fronzéne-corrected
reference electrometer current and the CRJ were taken The electrometer zero current wameasured
intermittently for 180 seconds

The result of the measurement of the sizepgndent detection efficiency of the CRT is shown in Figure® A
Dso of 9.6 nm was achieved with the CPC settings described above.

Next, a linearity teswith thermally conditioned (350°C), size classified flame soot particles with a mobility
diameter of 55 nmwas made following the procedure described in section 2.1.4. The result of this test is shown
in Figure Z7. The regression analysis gave a slope @74 (kfactor = 0.9927) for the response to concentration
changes When this Kactor is applied to the measurements, thelative residuals compared to the regression
line over the tested concentration range stay withif %.

To prove the linearity meesurement results, the linearity measurement (up to nominally 10,008) ésrepeated

with thermally conditioned, monodisperse flame soot particles with a mobility diameter of 70 nm. The result of
this test is shown in Figure& The kfactor obtained inthe 55 nm linearity analysis is now applied. A slope of
0.9995 was found in this analysis; the relative residuals compared to the regression line were:Within
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CPC-UT Standalone Detection Efficiency
for Ts=36°C and Tc=20°C, classified miniCAST soot
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Figure2-6 - Size dependent detection efficiencies of the 10 nm PEMS CPC for thermally conditioned and size
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CPC-UT Linearity

e L. CPC-UT versus reference concentration ratio
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Figure2-8 Results of the linearity check with 70 nm patrticles.
2.2.2.2 Consumption of working liquid and electrical power

The 10 nm PEMS CPC uses isopropyl alcohol (IPA) as working liquid. The IPA is stored in a wick inserted into the
saturata of the CPC. IPA is depleted when itasdensed on the particleandthis limits the possible operation
time of the device. The expected operating time of €HAGwvas tested as follows:

Thermally conditioned, polydisperse miniCAST flame soot is fed to th&JTRAd the reference instrument (via

the dotted line in Figure-2). The CPC Model 3772 with the optional diluter was used as reference in this case.
The miniCASIE set to produce dhermally conditionecherosd with a count median diameter (CMD) of 200 nm.
The number concentration of the polydispentast aerosol is maintained close to 50,000 particles per cms? by re
adjusting the concentration of th&est aerosol, as needed, fromntie to time.These conditions mimic extreme
operating conditions in the field.

While the IPA concentration in the saturator of the @PCproduces sufficient supersaturation, the detection
efficiency of the CROT will stay close to 100 %/hen the detectn efficiency drops due to IPA depletion, the
IPA wick of the CPC needsfiting. Due to the design of the 10 nm PEMS CPC, the operation must be interrupted
to re-fill the IPA. Figure-® shows the result of the IPA depletion test. The 10 nm PEMS CIP€ oparated for

at least 6 hours before IPA-filf becomes necessary.

The power consumption of the 10 nm PEMS CPC is highest atigtavhen the operating temperatures in the
instrument must be reachedhe power consumption was measured with the €HTnstalled in the OBSne

PN. The Catalytic Stripper in the @Bi%e PN was turned off. Figurel® shows the setup used to measure the
current drawn by the instrument when the voltage of the power supply is controlled to Zgire 211 shows

the measired temperatures and the resulting current drawn by the instrument when gend Tare set for the
original operation in a 23 nm OE#e PN system. The same measurement was repeated with the new settings
for Dso <10 nm see Figure-22. The maximum auent drawn by the instrument j$n both casesapproximately

13 A.Heating the saturator to 36 °for Dsp< 10 nmtakes3 to 4 minutes compared to a little less than 2 minutes
for the 23 nm settings. During this time, the maximum power consumed ispfbrdettings, 300 to 320 W.
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Alcohol Depletion of the CPC-UT at
TS 36°C and TC 20°C
Polydisperse miniCAST Soot CMD=200nm
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Figure 29 Results of the test to determine the operating time until IPA-fill becomes necessary.
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Figure 211 Electrical current drawn by the CRCT when set up for operation in a 23 nm OB®ie PN system
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A CPC engine as used in the Horiba-OB& PN for measurements of PEMS PN vehicle emissions with particle
sizes larger than 23 nm was optimized for the use in a PEMS PN detecting paftiblesm as required for
PEMS4Nano.

The optimization could be achieved by changing the operating tempersiand the coefficients of the polynomial
function for linearization of the concentration measurement (coincidence error correction).

It was demonstrated in calibration measurements thatsadd 9.6 nm is reached by the 10 nm PEMS CPC for
thermally coritioned (350°C) miniCAST flame soot partield®n applying the optimized settings.

The linearity of response to concentration changes wpBmized andtested with size classified, thermally
conditioned (350°C) miniCAST flame soot particles with a mobility diameter of 55 nm. For number concentrations
up to approximately 25000 1/cm? the relative residuals compared to the regression line over the tested
concentrationrange stay withint2 %.

The optimized instrument can be operated in a 10 nm PEMS PN system for at least 6 hours before the IPA in the
instrument ' sHilled ck must be re

The power consumptioonf the 10 nm PEMS CPC is only marginally higher than therpmrnsumption of the 23
nm instrument. The initial heating to reach operating temperatures takes 3 to 4 minutes with the 10 nm CPC
settings compared to a little less than 2 minutes with the 23 nm settings.

The optimized instrument will be ready to shipREMS4Nano partner Horiba Germany in time, before the end of
March 2018.
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There are no deviations from Annex 1.
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Appendix B¢ Abbreviations/ Nomenclature

TableB-1 List of Abbreviations / Nomenclature

CPC Condensation particle counter
Dso Lower detection limit where the detection efficiency equals 50%
PAO Poly-AlphaOlefin (here: a calibration aerosol material)
FCAE Faraday cup aerosol electrometer
REF Index for “reference instrume
CPAUT Condensation particle countemder test
k-factor Correction factor for particle number concentration measubsdthe
UUT, derived from calibration measurements
k Coverage factor for measurement uncertainty
a Slope of the regression line y = a*x
R2 Coefficient of determination
N Particle number concentration
fo(Dp) Fraction of multiply charged particles at a giveactrical mobility
equivalentparticle diameterD, for steady stateconditions
Dy Electrical mobility equivalent particle diameter
dN/dlog(Dy) Number concentration size distribution function
P Pressure
T Temperature
RH Relative Humidity
SMPS Scanning Mobility Particle SiZz
system(by TSI Inc., Shoreview, MN, USA)
I Electrical current
DEMC Differential electrical mobility classifier
DMAS Differential mobilityanalysing system
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