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Abstract: We proposed a novel method to remove PM2.5 dusts without HEPA filters aiming at applications in kitchens
or enclosed work spaces generating PM2.5 at high concentrations. Many workers are exposed to PM2.5 owing to lack
of air purification because the high replacement costs of HEPA filters make their application impractical. A key idea is
to use the condensational growth of nanoparticles. Once particles grow to the size of a few micrometers, it is much
easier to remove them because of their increased inertia. We developed and tested a prototype consisting of an air
saturator (equipped with water spray nozzles), a condenser in which humid air was cooled down to make the particles
grow, and a multi-impactor assembly for collecting the grown particles.
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Fig. 1 Schematic of experimental setup for filterless removal of PM2.5 dusts using heat-exchanger condenser

7] 21pmI} B AxE F3517](Atomizer) 2 5-E
AdE =W Al F7] PSLYAH100 nm)E 0.1 Ipm ]
oz 27 129 2EdEs @ iRl
=38t d4A fres XA SF7] &=
(T 20C=2 4% %, FEIF 7] =(F21100,
Barnstead Thermolyne Corp.)E ©|-&3lo] 1 uj+-of
AAE E3P)(EF) FH 2EE 60~80T= x4
Fgozn 2EAolE 40~60CE Fi 92 A%
S FETh §57] FR EFdA AFE Y
Z}o] A 7]H-3E = OPS(Optical particle sizer, Model
3330, TSI Corp) & AH-&-3te] S35t}

T HAR, 253 AsAE ojfste] 28 W
AHoz F3AZ F 30T Az 7pdrnt
or ¥3 HF37|E v ¥3E 4859
0.4 lpm®| X3} HF¥7] fFs F37|Z5E A
A A A7 54 nme] NaCl YA 55(0.6 Ipm)=
T4 st o 9o SH7IE FEEsith
$E7)9] SRS 20CE 1AQst] ¥} &
7] Atele] EEAtolE 10CHH A F7HAIA7E
W gt dxkel AVREE OPSE FABT

flo

i w=E (o] =xE, FGD)S Ab8-3t
bar®] HHO R 5 AL EFete] dod2E

o 3
ree TRl EIATIE WA S AEeaith
3,000-5,500 Ipm¢] - WHYelA 30T 23}
58718 gHsty] & dash 5 A U
= A 3)F Zo] oA #AXE FIE =
2~ o)
T
(Bar = Bn)Qror =117, 0R T 3)
A A P E37] FH37Y 757 2%
YERH Qe TV s HEdT =

Adiabatic Expansion

|
igh Voltage |
ower Supply |

()
===
g
£
b=
I
]

Fig. 2 Schematic of experimental setup for removal of
PM2.5 dusts using adiabatic cooling through
nozzles
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Fig. 3 Schematic of nozzle-impactor assembly for
collecting ultrafine particles
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Fig. 4 Size distributions of PSL particles before and
after condensational growth in a bubbler-installed
lab-scale experiment
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Fig. 5 Comparison of size distributions of NaCl
particles before and after condensational growth
in a ultrasonic transducer-installed lab-scale
experiment
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Table 1 Design parameters of Stks, corresponding to
50% of collection efficiency for two types of

inlets
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Circular jet 0.24 0.49
Rectangular jet 0.59 0.77
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