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This paper reports the size classification of nanoparticles as well as electrical tuning techniques
for the cut-off diameter and collection efficiency. Classifying particles < 100 nm in diameter is
quite a technical challenge using a virtual impactor with the cut-off diameter being determined
geometrically. However, the proposed virtual impactor can classify particles <100 nm and tune the
cut-off diameter by electrically accelerating the particles. The cut-off diameter of the proposed

device was tuned from 15 to 50 nm.
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C. = slip-correction factor
Stksy = the Stk of a particle whose collection efficiency is

50%
Re = Reynolds number
QO = flow rate

U = velocity of flow

W = injection nozzle width

d, = target cut-off diameter

t = thickness of the microchannel
A = mean free path of air

7 = relaxation time

4 = dynamic viscosity of a particle
p,= particle density

§ = jet-to-plate distance

n Efficiency (28 #8), Virtual Impactor (7H&F Q&)

Fr = electrostatic force
n = collection efficiency

1. M8

7] e % = 4R B4,
A §718, 7t2i Bdo] ¥dEo Qo o
B3 EHEY A7le F YxvEAMRE F4
o] TR U 71X theksltt. o)lF YA EFL
I F71983A & 7 (aerodynamic diameter)o] Wt
vl Al QA Hfine particle, 37] 983 FHo] 2.5um
o8¢l dAh, %7 /‘1]%11}(ultraﬁne particle, 200nm
o] &gl dAh), Zelx Y YA nano-sized particle,
50 nm ©]F Y4AhHE EFH o]HE I &
AL 7% WsE op|EH <A fEg Ao=
dHA 4t B3], AL A7 95d, a9l



o

SHUZSX| A 26 25 pp. 118-125

February 2009 / 119

SU-8 c
microchanne]

Injection nozzle

Impaction plate

Al electrede

Glass substrate

Q: flow rate
W: width of the injection nozzle
S:jet-to plate distance

t: thickness of the microchannel

Fig. 1 Schematic diagram of the proposed virtual impactor
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Table 1 Design parameters and results of the proposed

device
Description Value
Flow rate 0.3,0.27,
(Inlet, major, minor flow) 0.03 £/min
Input Stokes number (Stksg) 0.229
parameters Slip-correction factor 1
Thickness
. 200um
of the microchannel
Width
. - 880um
Design results of the injection nozzle
Jet-to-plate distance 1320um
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Fig. 2 Fabrication and Packaging : (a) Simplified fabrication sequence (b) Bird’s-eye view of the fabricated device (c)

Schematic diagram of packaging (d) Packaged device
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Fig. 3 (a) Experimental setup for examining cut-off characteristics of the virtual impactor (b) Measured collection

Aerodynamic diameter (nm)

efficiency without applying an electric potential. From the data, the cut-off diameter was calculated
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Fig. 4 (a) Experimental setup for analyzing the collection efficiency and acceleration characteristics of the nanoparticles
{(b) Measured collection efficiency as a function of the applied voltage (¢) Measured collection efficiency as a

function of the particle diameter
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