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Improving Efficicacy of a Wall-Mounted Receiving Hood by
Three-Piece Air Curtains

AlHce 2006

1. Development of an Aircurtain, Isolated Chemical Fume Hood with
Considerations of Aerodynamics. R.Huang; C.Chen ; C.chang,;

T.Shih( )
2. Contributions of Aerodynamics to Laboratory Fume Hood
Performance. L.Tseng; R.Huang ; C.Chen ; H.Chen ; C.Chang( )
Occupational Exposure of Dioxins in Taiwan. U.Shi-Nian( )

Survival of bacteria under different storage conditions and
nutrients on respirator filter; C. Lai, C. Chiang, T. Yu, Y. Ho, C.

Chang( )
5. Monitoring Evaluation of Volatile Gas from Pickle Tank ; C. Lai,
T.Wu, F. Tang ; Y. Yan; S.Tsai ; D.Tang( )

16



AlHce 2006 AlHce
2006+VENT 2006
[Taiwan 10OSH]

(image)

(workshop) 2

AlHCe

AlIHCe

17



(

Image)

18

AlHce

AlHce

(4



(workshop)

]
Taiwan |OSH

(image)

AlHce

19



The Tk [(SH-STUST HOGT [Air-Coradn Hood
[ R
e g b g e b e 2 T Bl

i -
S wrw 1o o e i ¢ W T1TTL oy L

L R
L] -}
Eel e et <1 -k
- e =
e A i -

- 1 £
) PR B RSt Gl B LA
=5

-
e b
B
vk S o e el G b P et il ey b

b s

—————
Y
Ny . e gl P——l” W W

—

20

Flif Ld Fabl M1 JEEATER
T

W LB 7 )P ket e, s e
e e —————

MR T I

i
T T

e
A, e B it . ], < 4 0 bl
e ———

& rorm
i
A

iy e e, i e e
L Pl P H_:r--nlnlu.




Frmiracing Alr Curiis Device (EACT

.-h-u
i, =
—_— —r—
B ke

1t e (e b g e e
e e s R e

T - e
e
- EREL N P
Lr i et iy
e
. Fmm

I iR . e A Wy e

Inflstahle Megatlve Presure bolitien Chamber

[ S r—T
-
e [ ]
= - d
L] -
vim o e
L m——
B e B Tt e e e e =
e b it

."Fllll'l!'_m-m syl

R e BN TR e T
R KT PR B o G ) S
e - P
iy el . f B I i -

P ———
P Ty p——

- -
! =
h 1§
Vomoe g : - IIJ. o
[
e e
- —_——
- 1
E -
| |
PR
Pp—
e ——— — s &
- e w0

= e b —

Ve i ¥ il

‘u-quthil.

g s B e i miten i, 8
I m e e w i e T —r
e oy o b e | ——

O — i O e | W
A, -
o —

s |
el e oy Nt gl

L e

| - s, § s i 1

A
B A —

21



Vi s

L .
e i ,
i

M‘“"" i

TR 1 ki 1. L
e e Tl et
B L T LI e P e

22




Penetration of 4.5 nm to 10 um Aerosol Particles

through FibrousFilters

Chun-Wan Chen®, Sheng-Hsiu Huang', Cheng-Ping Chang', Chih-Chieh Chen?
! Ingtitute of Occupational Safety and Health, Council of Labor Affairs, Taipei, Taiwan.

2 Institute of Occupationa Medicine and Industrial Hygiene, College of Public Health,

National Taiwan University, Taipei, Taiwan

Introduction

Particul ate respirators are widely used in workplaces to protect against
hazardous airborne particles.  Filtering facepieces are the most popul ar
form of respirator among workers because of their lightness, better vision,
and low maintenance compared with elastomtric respirators. The
performance of filter media has been extensively tested using non-
biological particles and biological particles. However, most of these
studies focused on particle sizes above 100 nm. Because of increasing
concern regarding the health effects associated with the production of
nanomaterials and other nanoparticle related issues, an urgent need exists

for performance assessment for filter mediain the nano-sized range.

Objectives

Penetrations of particlesin the size range of 4.5 nm to 10 mm through
fibrous filters were carried out with the purposes of:

1. exploring the filtration characteristics of particleslessthan 10 nmin
diameter and;

2. checking the pervious experimental data (Balazy et a., 2004).
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Experimental materials and methods

Figure 1 schematically represents the test system for measuring the
particle penetration through filter media Three particle size
spectrometers. the TSI 3080 electrostatic classifier equipped with nano or
long differential mobility analyzer, and the TSI 3321 aerodynamic
particle sizer, were used to measure nanometer, submicron, and micron
sized particles. NaCl aerosol particles were generated by using spray-

drying methods.

® Pneumatic cylinder
Exhaust
] | downstream y
Test fllterw 9 svprs|  [aps
] | "upstream A A
=<

= Flow contraller

N Filter holder
Mixing ChambBE j =3 HEPA filter
(O Pressure gduge

J Aerosol neutralizer

Homemade atomizer
Compressed ai Aerosol {gonstant output atomizer
generators: ono-Tek Ultrasonic Atomizing
Nozzle

Figure 1. Schematic diagram of the experimental set-up.

Table 1 listed the size distribution characteristics of challenge
aerosol particles used in this work. The generated particles were then
passed through an aerosol neutralizer to neutralize the aerosol particles to
the Boltzmann charge equilibrium. Next, the neutralized aerosols were
mixed with dried and filtered air to obtain the desired flow rates, and it
was ensured that the aerosol particles were completely dry before
entering the filter test system. In this study, the air flow rate was 85

L/min, unless otherwise specified. To eliminate electrostatic charges,
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filters were dipped in isopropanol for five minutes and allowed to dry.
These dipped filters, along with controls of each filter type, were then
tested to determine the aerosol penetrations in the size range of 4.5 nm to
10 m.

Table 1. The size distribution characteristics of challenge aerosol

particles.

Particle size distribution

Count  m edianGeometriC Number
Aerosol generator . standard concentration,

diameter, nm o

deviation #/cm3

Homemade 9 1.50 1.3 x 104
atomizer
|Constant output7g 1.86 1.0 x 106
atomizer
Sono-Tek 1300 1.30 478
Ultrasonic 2730 1.47 268
Atomizing Nozzle

Results

The filters with the electrostatic charge removed show a clear and
significant increase in aerosol penetration, particularly for particles in the
0.1 um to 1 um size range, indicating that electrostatic attraction is an
important mechanism for filters when collecting submicrometer-sized
particles. The maximum penetrations increase from approximately 5.8
% to around 18.9 %. However, for particles with sizes of below 10 nm
and above 5 um, the penetrations were close to zero regardless of whether
or not the filters had charges, implying that electrostatic force is not a
dominant filtration mechanism for the above particle size ranges.

The experiments with less efficient filter at different testing flow rates did
not revea any new features. Figure shows the performances of

respirator B, which was treated with isopropanol at different testing flow
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rates. The penetrations of submicrometer-sized particles clearly
increased with testing flow rate, indicating that this respirator removed
submicrometer-sized particles via diffusion. Conversely, the
penetrations of micrometer-sized particles through the treated filter
decrease with increasing testing flow rate, indicating that this respirator
removed micrometer-sized particles by impaction. This unique pattern
was also observed in the previous study (Chen and Huang, 1998).

Figure compares theoretical calculations with the experimental data of the
treated respirator B at a testing flow rate of 85 L/min. The solid line
indicates the total filter efficiency and the efficiency due to each of the
single fiber mechanisms; moreover, the open symbol represents the
experimental data As expected, diffusion is the only important
mechanism for collecting particles below 300 nm, and impaction and
interception are the dominant mechanisms for collecting particles larger

than 1 um.

Conclusions
Penetrations of particles sized 4.5 nm to 10 um through fibrous filters
were performed to explore the filtration characteristics of particles sized
below 10 nm in diameter and to check previous experimental data
(Balazy et a., 2004). Particle size was measured using a SMPS system
equipped with a nano- or long-DMA and an APS. The results obtained
can be summarized as follows:
The phenomenon of thermal rebound effect on nanoparticles
collection does not observed in this study.
As the electrostatic charge was reduced, the aerosol penetration
valuesin the 10 nm to 5 um size range increased considerably.

Almost al particles with size less than 10 nm or larger than 5 um

26



were collected in the respirator filters, and the penetration values
wouldn’ t affect by the amount of filter charge.
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