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The development of a ten-stage electrical micro-orifice cascade impactor (EMCI) for
the real time monitoring of aerosol size distribution from 32 nm to 10 um
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! Institute of Environmental Engineering, National Chiao Tung University No.
1001,University Road, Hsinchu, 30010, Taiwan
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Abstract

In this study, an electrica micro-orifice cascade impactor (EMCI) with the operating
flowrate of 16.7 L/min was developed for size distribution monitoring in real-time using the
electrometers. The EMCI consists of a NCTU micro-orifice cascade impactor (NMCI), a
NCTU unipolar charger and a Keithley 6514 electrometer. To reduce signal noise, the main
body of the impactors is designed to have a 3-layer structure based on the concept of a
faraday cage. Inside the unipolar charger, a Pt wire with 6 mm in length and 100 um in
diameter was used as the charging needle. Aerosol particles are charged first when passing
through the charger. After the charged particles are collected on the impaction plates, the low
current signal from each of all stages is detected using the electrometer and the measured
currents are then converted to size-classified number concentrations by the theoretical
eguation corrected for the particle charging efficiency. The impactor and the unipolar charger
were calibrated first. The calibration results of the impactor showed that the cut-off
aerodynamic diameters (dpasso) of 9.92, 5.62, 2.48, 1.02, 0.563, 0.321, 0.178, 0.097, 0.056 and
0.032 um, which are very close to the design values at the operating flow rate of 16.7 L/min.
The operating voltage of the unipolar charger ranged between +2.6 to +3.8 kV with the

optimal charging efficiency found at +3.6 kV. Comparing with the ELPI+ charger, the
1
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charging efficiency is nearly the same when the particle size is greater than 56 nm up to 10
um. However, the charging efficiency in the size range of 10 to 56 nm is higher than that of
the ELPI+ charger by as much as 93 to 11 %. The signals of the EMCI were compared with
those of the TSI Aerosol Electrometer (AE) and found that the bias of the EMCI is less than
15 % in the range of 3-1500 fA. Finaly, the EMCI was used for the size distribution
measurement of laboratory generated aerosols. Test results showed that the size distribution
measured by EMCI agrees well with that of the SMPS in nanoparticle size range. More
calibration studies and comparison tests are under way using multiple electrometers installed
at al stages.

Keywords: impactor, micro-orifice cascade impactor, unipolar charger, electrostatic effect,

aerosol measurement

* Corresponding author email: ¢jtsal@mail.nctu.edu.tw,

Telephone No. +886 35731880, Fax No. +886 35727835

1. Introduction

Cascade impactors are used to measure aerosol mass distributions and the collected
samples can further be analyzed for chemical compositions (Chen et a. 2010; Kim et al. 2012;
Kudo et a. 2012; Wang et a. 2010; Zhu et a. 2010; Zhu et al. 2012). Traditionally, the
smallest cutoff aerodynamic diameter (dpaso) Of a cascade impactor is around 0.5 um, which
leads to a poor size resolution of submicron particles and nanoparticles. To obtain a lower
dpas0, iMproved cascade impactors have been developed. For example, Hering et a. (1979)

have designed and tested a 8-stage low pressure impactor (LPI) with 4.0, 2.0, 1.0, 0.5, 0.26,
2
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0.11 0.075 and 0.05 pm of cut-off aerodynamic diameter (dyas0) for each stage impactor
under 1.0 L/min of operating flowrate. The operating pressure was controlled from 8 to 150
mmHg at last four stage impactor for ultrafine particle collection. The 8-stage Micro-orifice
uniform deposit impactor (MOUDI) was developed by Marple et a., (1991). The range of
dpeso Of 10-stage MOUDI is between 0.056 to 18 pm. To collect nanoparticles, the nozzle
diameter has to be as small as 52 um and there are 2000 nozzles in the last stage to increase
the inertial impaction force of nanoparticle. However, some practical problems such as solid
particle bounce, overloading of collected particles on the impaction plate and nozzle clogging
which may cause sampling bias. Many efforts have been made to resolve these problems. For
example, different types of impaction substrates such as oil-coated substrates (Turner and
Hering, 1987; Pak et al. 1992; Peters et al. 2001; Liu et a. 2011; Tsai et a. 2012), porous
substrates (Huang et al. 2005; Huang et a. 2001) and specially designed substrates (Chang et
al. 1999; Tsai and Cheng, 1995) were used to reduce solid particle bounce. For increasing the
particle loading capacity on impaction substrates, rotating substrates (Marple et al. 1991; Tsai
et a. 2012), oil-soaked Teflon filters (Turner and Hering 1987; Tsai et a. 2012) and
impaction plates of special designs (Tsa and Cheng, 1995) provide possible solutions. To
avoid nozzle clogging during long-term or high aerosol concentration sampling, new-type of
micro-orifice nozzle plate with stronger and smoother structure of nozzles as compared to

that of the MOUDI was developed by Liu et a. (2013). However, the long-term ambient
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sampling is necessary for ensuring the weight of the collected particle is higher than the

minimum detected limit of the micro-balance. Due to the issue, the aerosol distribution can

only be monitored in daily. To monitor the variations of the aerosol distribution in real-time,

the electrical low pressure impactor (ELPI) was developed. The operation principle of the

ELPI is that the particle will be charged first by a charger before introducing into the

impactor. The low current signal will then be detected by an electrometer when the charged

particle is collected on the impaction plate. After that, the current will be transported to

number concentration using the theoretical equation in every 1 sec of frequency. However,

even though the ELPI can be used on measuring the aerosol size distribution in real-time, the

concern in the traditional LPI still exist, the solid particle bounce. Moreover, the study have

displayed that the relatively larger interstage pressure drop as compared to MOUDI, reduces

potential evaporation of volatile aerosol species (Chow and Watson, 2007). Furthermore, the

charging efficiency of the ELPI charger was tested and showed the very low efficiency for

particle size less than 30 nm in previous study.

The aims of this study is to develop an Electrica micro-orifice cascade impactor (EMCI)

which can be used to measure the size distribution in real-time and solve the most practical

concerns in traditional cascade impactor with 16.7 L/min of operating flowrate. The EMCI

consists of the NCTU unipolar charger, the NMCI and the Keithley Electrometer (EM-K,

model 6514, Keithley Instrument Inc). The NCTU unipolar charger which showed the higher
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charging efficiency for nanoparticle as compared to ELPI charger was designed and tested
under 16.7 L/min operating flowrate and +3.6 kV of supplied voltage in previous study. The
casing and the nozzle plate of the NMCI was redesigned for avoiding the environmental noise
which induce the measurement bias on low current detection and reducing the flowrate from
30 to 16.7 L/min, respectively. After fabrication, the particle collection efficiency,

electrometer comparison and number concentration were tested.

2. Experiment Methods
Modification of the impactor

The casing was redesigned refer to the design of the ELPI (Keskinen et al., 1992) and the
Faraday Cup (FC) to make sure the noise was blocked effectively on EMCI. The design
values of dpaso from first to last stage impactor were 10.0, 5.6, 2.5, 1.0, 0.56, 0.32, 0.18, 0.1,
0.056 and 0.032 um, respectively. The after filter stage was placed behind the 10" stage
impactor for collecting the particle size less than 32 nm. The schematic diagram of the
bottom casing is shown as the Fig 1 (a), and the upper casing for nozzle plate of the NMCI
(Chien et d., 2016) is till used on the EMCI. The bottom casing consists of four parts, from
inside to outside are the inner casing, insulator layer, outer casing and a pin, respectively. The
stainless steel was used as the materia for inner and outer casing; the peek was used for

insulator layer and the pin was fabricated by copper (Cu). The conductive filter is placed
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nearing the insulator of the after filter stage which have the similar structure to the bottom
casing shown in Fig 1(b). In this system, when the charged particle was collected on the
impaction plate, the low current signal will be transported and detected using the el ectrometer
via the pin. The main function of the outer casing with metal as material is to build the
electrostatic shielding effect for noise prevention; and the insulator layer is used to block the
inner and outer casing to avoid the current loss.

To reduce the flowrate from 30 to 16.7 L/min, the nozzle size and number of the nozzle for
each stage impactor were also redesigned based on the parameters of the NMCI and Stokes
number at 50 % of particle collection efficiency (Swso). For 0-5™ stage impactor, the nozzle
sizes were re-calculated and the number of the nozzle were maintained. For 6-10" impactor,
the nozzle plate of the NMCI were used by adding the nozzle mask on the nozzle inlet to
reduce the number of the nozzle and maintain the nozzle size because of the high cost of the
LIGA process for micro-orifice nozzle plate. The size of the nozzle mask was designed using
the continuously equation to maintain the pressure drop of each stage impactor comparing
with NMCI. Therefore, the jet-to-plate distance was the only parameter to be adjusted for
ensuring the dyaso Were same as the design value due to the bias during manual cutting of the

nozzle mask.
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Particle collection efficiency and electrometer comparison

The low current signal was compared using aerosol electrometer (AE, TSI) and Keithley
electrometer (EM-K) for measurement accuracy verification. Polydisperse particles were first
generated by the constant output atomizer (TSI Model 3076) from the DOS solution with the
concentration of 0.001 % (v/v). The aerosol flow was passed through a tubular furnace
(Lindberg/Blue, Model HTF55322C, USA) at a fixed temperature of 300 °C to produce a
relatively narrow size distribution by the evaporation-condensation process. Monodisperse,
singly charged particles were then generated by the electrostatic classifier (EC, TSI Model
3080) equipped with the nano-differential mobility analyzer (DMA, TSI Model 3085). To
minimize the effect of multiple charges on the monodispersity of the classified particles (Pui
and Liu, 1979), only particles larger than the count median diameter (CMD) were classified.
After the downstream of the EC, the aerosol flow was introduced into the AE and the after
filter stage equipped with the EM-K under same operating flowrate, respectively. The more
comparison of the electrometer was tested in further experiment.

The experimental setup for particle collection efficiency calibration of 5-10" stage
impactor was refer to Liu et al. (2013). Moreover, after the electrometer comparison, the
collection efficiency of nanoparticle was also measured using the electrometers detection is
shown in Fig. 2. The low current signal generated when the charged particle was collected on

the impaction plate was monitored using the EM-K. The other particle which pass through
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the impactor was collected by AE. The collection efficiency that measured by two

electrometers (77ae + em-k ) Was then calculated by the following equation:

|
Nageem = ( % )x100% (1

down + EM-K

where the lgoun 1S the aerosol currents at the outlet of the tested impactors measured by the
AE equipped with a home-made faraday gage (fA). lem isthe aerosol currents that detected
using the EM-K when the charged particle was collected (fA).

The micron and sub-micron monodisperse aminefluoresc (AF) particles from 0.6-11 um of
range were generated using the Vibration Orifice Monodisperse Aerosol Generator (VOMAG,
TSI model 3450) for 0-4™ stage impactor calibration. The calibration was conducted on two
parts, with Aerodynamic Particle Sizer (APS, TSI mode 3321) and the system that
combining with the charger and the EM-K, for particle collection efficiency comparison as
shown in Fig 3(a) and 3(b), respectively. The particles were introduced to the Neutralizer
(TSI model 3054) first for electrica neutrality. The mixing chamber was used to dry the
particle before introducing into the tested impactor or charger. For the APS system, the

particle collection efficiency (77aps) Was then calculated by the following equation:
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M aps =(1—M)x100% )

Nup
where the Ny and Ngown are the number concentrations of the upstream and downstream
impactor that measured by APS, respectively. For the charger and electrometer system, the
monodisperse particle was charged before introducing into the tested impactor equipped with
after filter stage. Two electrometers (EM-K1 and EM-K2) were used to detect the signals
from the tested stage impactor and after filter stage, respectively. The collection efficiency

measured using the el ectrometer-charger system (77em-k) Was calcul ated as:

I
Mem—k =( IL )x100% ©)

fitter T 1 plate

where I pae and lsiier @re the currents that detected by the EM-K1 and EM-K2, respectively.
Therefore, the particle collection efficiency of 0-10" stage impactor measured using
electrometer as well as EM-K or APS was compared. The charging efficiency of the NCTU
charger from 10 nm to 4.689 um under +3.6 kV of operating voltage were tested and fitted in
previous study. The charging efficiency for particle size ranging from 0.9 to 4.689 um was
increased linearly. The charging efficiency of particle size less than 18 nm, however, was
decreased rapidly. Therefore, the particle penetrations (Pn) was fitted in three parts as the

follow equation:
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-0.13+161D, -381D;  0.01zm < D, <0.018m
Pn=150.76D,* ; 0.018um<D, <0.9um 4
56.08D; 0.9um < D, < 4.689um

However, the particle with larger size agglomerated easily in the chamber. When the
particle agglomerated, the charged of the particle will be increased which may cause the
current was overestimated and then induce the offset of the collection efficiency curve.

Therefore, the overestimated current was calculated as;

IDnan(Dn)Xerpr(Dn)ann (5)

where Ipn is the current overestimated; n,(Dp) is the elementary units of charge with D, of
particle size; e is the unit charged of the electron; Q is the operating flowrate; Ny(Dy) is the
number concentration of the D,, of particle size and 7py, is the particle collection efficiency of
the Dn particle. The calibrated current was then calculated based on eg. 5 and the number

distribution measured by the APS.

Number concentrations and distributions comparison
After the testing of the particle collection efficiency, the 6-10™ stage impactor and

after filter stage was series connected for number concentrations and distribution
10
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measurement. The polydisperse DOS particle with 133 nm of CMD was generated using the
same method as the nanoparticle collection efficiency calibration which was shown above.
The generated particle was separated to two aerosol flows after passing through the
neutralizer. One of the flow was introduced into the SMPS and the other was introduced into
the EMCI. The current of each stage impactor was measured individually because of only one

EM-K was used.

3. Resultsand Discussion.
The design of the nozzle plate

The results of the nozzle diameter and number of each stage impactor were displayed
in Table 1. When the operating flowrate was reduced from 30 to 16.7 L/min and the number
of the nozzles were maintained, the nozzle size of the 1-5" stage impactor was modified from
0.889, 0.38, 0.247, 0.72 and 0.04 to 0.68, 0.31, 0.18, 0.06 and 0.036 cm, respectively. For 6-
10" stage impactor, the nozzle sizes were maintained but the number of the nozzle was
reduced by the nozzle masks from 900, 900, 2000 and 2000 to 500, 500, 1110 and 1110,
respectively. The last stage impactor with 0.032 pm of dpaso Was tested by two designs with

different number of the nozzle, 1640 and 2000, respectively.

11
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Electrometer comparison

Fig 4. Shows the result of the electrometer comparison from AE and EM-K. The
result displayed that the current measured by the EM-K was about 15% underestimated
comparing with that of the AE when the current ranges from 0-900 fA. The bias between the
AE and EM-K is due to the different connection of the pin to electrometer. The HEPA filter
inside the AE was contacted with the circuit board through the pin directly, but the triaxial
cable was used to connect the pin and the EM-K for the EMCI. The used of the triaxial cable
which is different from the connection method of the AE was the main concern that induced

the measurement bias.

Particle collection efficiency curves

Fig 5 shows the calibrated particle collection efficiency curves of the 1-10™ stage of
the EMCI measure by AE, equation 1 and compared with those of the MOUDI. The
calibration results together with the design parameters are also summarized in Table 1. It
shows that after adjusting proper jet to plate distance, the dpaso Values of the 1-10™ stage of
the EMCI are close to the designed values, which are 10, 5.6, 2.5, 1, 0.56, 0.32, 0.18, 0.1,
0.056 and 0.032 um, respectively. It can be seen that the pressure of the downstream of the 7-
9™ stages of the EMCI were less than those of the NMCI. This is because the averaged nozzle

12
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size of these stages of EMCI were larger than those of the NMCI due to the manual cutting
bias of the nozzle mask. Therefore, the jet-to-plate distance of these stages impactor were
also reduced as comparing with these of the NMCI. Furthermore, the collection efficiency
curves aso displayed the good sharpness in EMCI from 1-10™ stage impactor, 1.17, 1.17,
1.32, 1.19, 1.33, 1.25, 1.25, 1.34, 1.38 and 1.48, respectively. The both collection efficiency
curves of the EMCI measured by AE and equation (2) were agree well with those of the
MOUDI when the particle size was less than 1 um. However, when the particle size was
greater than 1 um, the curves measured by AE were also agree well, but the results measured
by AE-EM-K system was offset. The offset curves was then calibrated using the equation (5)
as shown in Fig. 6. The result show that after calibrating, the collection efficiency curves

were fitted well than those detected by AE/APS.

Number concentration and distribution comparisons

Fig. 7 shows the result of the number distribution measure by EMCI and SMPS. The
results shows that the number concentrations measure by EMCI and SMPS were aimost the
same, 1.83x10° and 1.90x 10° (#/cm®), respectively with about 3 % of bias. The both
distribution were almost agree well with each other, the result of the EMCI was a little bit

offset to the left. Thisis because the frequency of the SMPS was 128, but the EMCI was only

13
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measured in 10 frequency. However, these also show the good result on number distribution

measurement.

4. Conclusions

In this study, an electrical micro-orifice cascade impactor (EMCI) with the operating
flowrate of 16.7 L/min was developed for size distribution monitoring in real-time using the
electrometers. The EMCI consists of a NCTU micro-orifice cascade impactor (NMCI), a
NCTU unipolar charger and a Keithley 6514 electrometer. To reduce signal noise, the main
body of the impactors is designed to have a 3-layer structure based on the concept of a
faraday cage. Aerosol particles are charged first when passing through the charger. After the
charged particles are collected on the impaction plates, the low current signal from each of all
stages is detected using the electrometer and the measured currents are then converted to size-
classified number concentrations by the theoretical equation corrected for the particle
charging efficiency.

The calibration results of the impactor showed dyss0 Values are very close to the
design values at the operating flow rate of 16.7 L/min. The operating voltage of the unipolar
charger ranged between +2.6 to +3.8 kV with the optimal charging efficiency found at +3.6
kV. Comparing with the ELPI+ charger, the charging efficiency is nearly the same when the

particle size is greater than 56 nm up to 10 um. However, the charging efficiency in the size

14
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range of 10 to 56 nm is higher than that of the ELPI+ charger by as much as 93 to 11 %. The

signals of the EMCI were compared with those of the TSI Aerosol Electrometer (AE) and

found that the bias of the EMCI is less than 15 % in the range of 3-1500 fA. The collection

efficiency measured by AE/APS, AE+EM-k system and MOUDI were agree well with each

other after charging calibration. The results of the collection efficiency curves also showed

the great sharpnessin this study

Finally, the EMCI was used for the size distribution measurement of laboratory

generated aerosols. Test results showed that the size distribution measured by EMCI agrees

well with that of the SMPS in nanoparticle size range. More calibration studies and

comparison tests are under way using multiple electrometersinstalled at all stages.
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344 Table

345  Table 1 Summary of the calibration results and the design parameters of the MOUDI, NMCI

346 andthe EMCI

347
A OUDI *NMCI EMCI
Stage” g g, jet-to-plate nozzle PIP, dpeso  jet-to-plate  nozzle *PIP, designed  dpso jet-to-plate  nozzle PIP, o

(um)  (mm)  size(cm) (um)  (mm)  size(cm) _Opeso (M) (um) (M) size (cm) 9
1 9.9 4.45 0.889 1 9.9 4.45 0.889 1 10 9.92 6.51 0.68 1 117
2 6.2 3.73 0.38 1 6.2 3.73 0.38 1 5.6 5.62 5.55 0.31 1 1.17
3 31 2.39 0.247 1 31 2.39 0.247 1 25 2.48 4.37 0.18 1 1.17
4 1.8 1.22 0.137 1 1.8 1.22 0.137 1 1 1.02 3.99 0.06 1 1.19
5 1 0.7 0.072 0.99 1 0.7 0.072 0.99 0.56 0.55 4.35 0.036 0.99 1.2
6 0.56 0.53 0.04 0.97 0.56 0.53 0.04 0.97 0.32 0.32 1.12 0.014 0.94 1.25
7 0.32 0.55 0.014 0.95 0.323 0.55 0.136 0.95 0.18 0.18 0.3 0.011 0.92 1.25
8 0.18 0.58 0.009 0.89 0.179 0.58 0.108 0.89 0.1 0.098 0.63 0.0054 0.74 1.34
9 0.097 0.77 0.0055 0.76 0.102 0.78 0.0054 0.72 0.056 0.05 0.78 0.0054 0.49 1.38
10 0.057 0.68 0.0052 0.53 0.557 0.68 0.0054 0.47 0.032 0.03 0.38 0.0054 0.31 1.48

348 “thedatagivenin Marpleet al. (1991)
349 Pthedatagivenin Liuet a. (2013) and Chien et a. (2015)
350 °P=absolute pressure at stage exit with all upstream stages in place, Po=ambient pressure.

351
352
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Figure captions

Figure 1. The design of (a) each stage impactor and (b) after filter stage of EMCI

Figure 2. Experimental setup to measure the nanoparticle collection efficiency

Figure 3. Experimental setup to measure the micron and submicron particle collection
efficiency by (a) APS and (b) charger + EM-K system

Figure 4. The result of electrometer comparison (AE vs. EM-K)

Figure 5. Particle collection efficiency curves of the 1-10™ stage of the EMCI

Figure 6. Particle collection efficiency curves for micron particle calibrated by eq. 5

Figure 7. Number distribution comparison of lower stages of EMCI and SMPS
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Abstract: An electrical micro-orifice cascade impactor (EMCI) with the operating flowrate of
16.7 L/min was developed for real-time size distribution monitoring in this study. The EMCI
consists of a unipolar, modified-NMCI (NCTU micro-orifice cascade impactor), and Keithley
6514 electrometer. The ¢ alibration r esults of t hei mpactor s howedt hatt he ¢ ut-off
aerodynamic diameters (dyas0) of 9.92, 5.62, 2.48, 1.02, 0.563, 0.321, 0.178, 0.097, 0.056 a nd
0.032 pum, which are very close to the design values. The operating voltage of the unipolar
charger ranged between +2.6 to +3.8 kV with the optimal charging efficiency found at +3.6
kV. Comparing with the ELPI+ charger, the charging efficiency is nearly the same when the
particle size is greater than 56 nm up to 10 um. However, the charging efficiency in the size
range of 10t o 56 nm 1is higher than that of the ELPI+ charger by as muchas93to 11 %.
Finally, the EMCI w as used for the size distribution m easurement of 1aboratory generated
aerosols. Test results showed that the size distribution measured by EMCI agrees well with
that of the SMPS in nanoparticle size range. More calibration studies and comparison tests are
under way using multi-channel electrometer installed at all stages.

Keywords: impactor, micro-orifice cascade impactor, unipolar charger, aerosol measurement

2. Materialsand Methods

2.1 EMCI composition

The E MCI ¢ onsists of a N CTU uni polar
charger, aN MCI anda Keithley 6514

1. Introduction

Cascade impactors are w idelyus ed to
measure aerosol di stributiona ndt he
collected samples can also beus ed for

chemical c ompositions a nalysis. H owever,
the s olid pa rticle bounc es, ove rloading
effect a nd noz zle c logging a re t he m ain
issues tha tc ausethe s ampling bias.
Moreover, even if the ELPI+ can be used to
mearsure aerosol s ize di stribution in r eal-
time, the tr aditional pr oblem in LPI s till
exist.

The a ims of thisstudyistodevelopan
Electrical mic ro-orifice cas cade 1 mpactor
(EMCI) which can be used to measure the
size distribution in real-time and solve most
practical con cerns in traditional cas cade
impactor with 16.7 L /min of ope rating
flowrate.

electrometer. The charger shows the greater
charing efficiency for na noparticles as
compared to that of the ELPI+ in previous
study. T he NMCI wasr e-designed for
preventing t he e nvironmental noi se w hen
using t he | ow ¢ urrent m easurement a nd
decreasing t he flowrate from 30t o 16.7
L/min.

2.2 Calibration, test and comparison

The cur rent w as de tected using t he af ter
filter s tages of the EMCI and the A erosol
Electrometer (AE, TSI 3068) first, to show
theac curacyof t hel owcu rrent
measurement. Thep article col lection
efficiencies w ere al so be conduc ted using
the methods described in Liuetal. (2013)



and Jarvinen eta l. ( 2014) respectively.
Finally, the n anoparticle s tage impa ctors
were ¢ onnected fors izedi stribution
comparison with SPMS and ELPI+

3. Results & Discussion

In the performance test of the electrometer,
the 15 % bias was found in the range of 3-
1500 fA as compared to AE. The results of
the col  lection efficiency cur  ves
measurement di splayt hatt hecur ves
measured in two method agree well to each
others a fter mul tiple ¢ harge c alibration,
with 9.92,5.62,2.48,1 .02,0.563,0.321,
0.178, 0.097, 0.056, 0.0 32 um o fcut -off
aerodynamic diameter (Gpaso).

Ther esultof th es izedi stribution
comparison innano to submicron pa rticle
was shown in Figure 1. The concentrations
measured by three divices were very close
to e ach ot hers, a bout 1.35 x 10° #/cm’.
However, in CMD calculaitons, only EMCI
and SMPS showed the close values, 70 and
73 nm, respectively, and the ELPI showed
the deviated value, 53 nm.

5 Il [ [l IIIIII Il [l [l 1 4 140
4x10 NaCl 0.01 %

= = = = EMCI, CMD= 0.070 pum, 1.34x10° #/cm?
= = = = SMPS, CMD= 0.073 um, 1.35x10% #/cm’ [
3x10°— - - = = ELPI, CMD= 0.053 um, 1.39x10% #/cm®

dN/dlogDp (#/cm?)
=
;UI
]

0 AR
0.01 0.1 1
D,, (um)
Figure 1. The size distribution measured by
EMCI, SMPS and ELPI, respectively.
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4. Conclusion

The EMCI which can solve most practical
problemsi na  erosoldi stribution
measurement b y ¢ ascade i mpactor w as
developed s uccessfullyi nt hiss tudy.
Whether t he cha rging efficiency or t he
sampling pe rformance oft he E MCl ar e
greater tha n the ¢ ommercial ins truments.
However, m ore calibration s tudies a nd
comparison tests are necceary using multi-
channel electrometer installed at all stages.
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2017 T&T International Aerosol Conference
(2017 T&T IAC)
Air Quality in East Asia
7-8 August 2017

(Prince of Songkla University, Songkhla, Thailand)

Introduction

Taiwan Association for Aerosol Research (TAAR) and Air Pollution and Health Effect
Research Center, Prince of Songkla University, Thailand are pleased to invite you to
submit papers and participate in the 2017 T&T International Aerosol Conference (2017
T&T IAC), which will be held in Prince of Songkla University, Hat Yai, Thailand from 7 to 8
August 2017. This conference will cover a wide range of fundamental and applied
aspects of aerosol science and technology, atmospheric science, air quality and air
pollution control. The conference emphasizes interdisciplinary research along with
practices and fosters exchanges among researchers, policy makers, corporate
managers, practitioners and professionals who are concerned with the above aspects. All
interested participants are invited to submit and present the latest results of their
scientific and practical work in one of the conference topic areas.

Conference Topics

The 2017 T&T International Aerosol Conference in the theme of Air Quality in East Asia
is set during 7-8 August 2017 at Conference Room, 8th Floor, LRC Building 1, Prince of
Songkla University, Hat Yai, Songkhla, Thailand. There are 8 topics for oral
presentations:

1. Sources, combustion, thermal decomposition, emission, properties, behavior,
formation, transport, deposition, measurement and analysis

12
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2. Effects on human health and environment

3. Air pollution and control

4. Invention and improvement of sampling instruments and technologies
5. Nanoparticle and nanotechnology

6. Bioaerosol

7. Indoor air quality

8. Other topics related to aerosol and air quality

The technical program will consist of invited plenary lectures and platform presentations.
The exhibition will be in place for organizations and companies to demonstrate their
programs, products, and expertises.

Important Dates

Detail Date

Abstract Submission 1 April 2017 to 30 June .
(Deadline of abstract submission has been extended)

Acceptance Notification 15 July 2017
Last Day for Early-bird Registration 30 July 2017
On-Site Registration 7 August 2017
Conference Date 7 - 8 August 2017

°, .
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