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Nylon mesh screens, unlike metal screens, are attractive as a
collection substrate for nanoparticles because they can be digested
or ashed prior to chemical analysis. A theoretical single-fiber effi-
ciency expression developed for wire-mesh screens was evaluated
for estimating the collection efficiency of 11-300 nm particles for
nylon mesh screens. Pressure drop across the screens, the effect
of particle morphology (spherical and highly fractal-like) on col-
lection efficiency, and single-fiber efficiency were evaluated exper-
imentally for three pore sizes (60, 100, and 180 xm) at three flow
rates (2.5,4, and 6 Lpm). The pressure drop across the screens was
found to increase linearly with superficial velocity. The collection
efficiency of the screens was found to vary by less than 4% re-
gardless of particle morphology. Single-fiber efficiency calculated
from experimental data was in good agreement with that estimated
from theory for particles between 40 and 150 nm but deviated from
theory for particles outside this size range. New coefficients for the
single-fiber efficiency model were identified that minimized the sum
of square error (SSE) between the values estimated with the model
and those determined experimentally. Compared to the original
theory, the SSE calculated using the modified theory was at least
one order of magnitude lower for all screens and flow rates with
the exception of the 60-um pore screens at 2.5 Lpm, where the
decrease was threefold.

INTRODUCTION

Wire-mesh screens have been widely used to sample submi-
crometer particles from aerosol streams and for determination
of particle size distributions (Gentry and Choudhary 1975; Emi
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et al. 1982; Fu et al. 1990). The compact surface with uniform
thickness, fiber diameter, pore size, and packing density of
wire screens provides a consistent airflow and uniform particle
collection (Cheng 2001). Stainless steel wire screens are useful
as diffusion cell material in screen-type diffusion batteries for
measuring number, mass, or radioactivity concentrations at the
inlet and outlet of each cell (Sinclair and Hoopes 1975; Yeh
et al. 1982; Cheng 2001).

Cheng et al. (1985) investigated the collection efficiency of
mesh screens consisting of a single layer of parallel, equidistant
woven stainless steel wire with uniform diameter. They found
that particle collection efficiency measured experimentally was
in good agreement with the filtration theory developed by Kirsch
and Fuchs (1967, 1968) and Kirsch and Stechkina (1978) and
later adapted for wire screens (Cheng et al. 1980; Cheng and
Yeh 1980). The efficiency of a screen of a given thickness is
obtained from the calculation of the number of particles of a
given dimension deposited on a unit length of fiber (Kirsch and
Stechkina 1978). The dimensionless particle deposition rate per
unit length of fiber is defined as single-fiber efficiency, and the
overall efficiency of a screen is a function of the single-fiber effi-
ciency (Hinds 1999). Compared to regular filter media, stainless
steel mesh screens can be cleaned and reused multiple times.
However, they are not well suited for chemical analysis, because
the metal wires are difficult to digest and analyze separately from
the particles that are collected on their surface (Solomon et al.
2001).

Nylon mesh screens offer distinct advantages over stainless
steel wire screens. Nylon mesh screens consist of rows of a
single layer of parallel, equidistant nylon fibers with uniform
diameter interwoven at 90° angles with pore openings ranging
between 10 and 180 wm. Nylon mesh screens provide an
inexpensive disposable collection substrate that can be ashed
or digested for multielemental analysis of the particulate matter
collected on the screens, such as atomic absorption spec-
troscopy and inductively coupled plasma-mass spectrometry
(Northington 1987; Grohse 1999). Nylon fibers have been
found to leave minimal residual ash and produce no significant
spectral interference when ashed for spectrometric examination
(Tuchman et al. 2008). Gorbunov et al. (2009) employed nylon
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TABLE 1
Physical specifications of the nylon mesh screens
Pore size Open area Thickness, h Fiber diameter, dy Mass (SD)

Screen model (um) (%) (um) (um) (mg) Packing density, o
NY60 60 41 50 33 31.9 (0.5)* 0.32
NY1H 100 44 80 51 45.5 (0.2)* 0.29
NYS8H 180 47 135 83 83.4 (0.3)™ 0.31
SS635 ~ 60 n/a 50%** 20%** n/a 0.35%**

*From Yamamoto et al. (2005).

**Weighed by microbalance (n = 8).

***From Cheng et al. (1985).

n/a—not available.
screens in a size-selective particle collector. They analyzed METHODS
the particles collected by the instrument by treating the nylon Screens

mesh screens in aqua regia and subjecting them to microwave
digestion.

The collection efficiency of nylon mesh screens, however, has
only been tested for micrometer-sized particles (Yamamoto et al.
2005). The efficiency of nylon mesh screens in collecting sub-
micrometer particles has not been investigated. Furthermore, the
ability of theoretical models to estimate collection efficiency of
nylon screens for submicrometer particles has not been investi-
gated. Particle size, particle morphology, and several other fluid
(flow rate, temperature, and pressure) and screen (thickness,
packing density, and fiber diameter) characteristics play an im-
portant role and should be factored in the estimation of a screen’s
collection efficiency when using filtration theory (Friedlander
1958). The effect of morphology on collection efficiency for
nylon mesh screens is not known; however, evidence for filters
suggests that morphology may have an important effect. Kim
et al. (2009) investigated the effects of particle morphology on
particle deposition in fibrous filter media and found that agglom-
erates with mobility diameters larger than 100 nm experience
greater collection than spherical particles with the same mobil-
ity diameters. For particles smaller than 100 nm, where diffu-
sion is the predominant collection mechanism, collection effi-
ciency was similar regardless of particle morphology (Kim et al.
2009).

The goal of this study was to evaluate filtration theory ap-
plied to nylon mesh screens for estimating collection efficiency
of particles between 11 and 300 nm. A laboratory study was con-
ducted to experimentally measure pressure drop and single-fiber
efficiency by particle size. These data were used to modify filtra-
tion theory to improve collection efficiency estimates of nylon
mesh screens for particles in this study’s size range. A separate
laboratory experiment was conducted to determine whether the
particle morphology of sub-100 nm affects the collection ef-
ficiency of nylon mesh screens and should be included in the
filtration theory model.

Mesh screens composed of woven nylon 6-6 fibers with pore
sizes 60, 100, and 180 um (models NY60, NY 1H, NY8H; Milli-
pore Corp., Billerica, MA) and stainless steel screens with twill
weave (SS635) were tested in this work (Table 1). Nylon 6-6is a
commonly used synthetic polymer composed of hexamethylene
diamine and adipic acid that each contain 6 carbon atoms (hence
6-6). As shown in Figure 1, these mesh screens exhibit uniform
openings with fibers arranged at 90° angles. The packing density
() or solid volume fraction of the nylon screens was calculated
as

4my |
*= wd?hp,’ ]
where m; is the mass of the screen measured using a mi-
crobalance (Model AX504 Delta Range, Mettler-Toledo Inc.,
Columbus, OH), d is the diameter of the screen reported by the
manufacturer, & is the thickness of the screen reported by the
manufacturer, and p; is the density of the screen material (i.e.,
1.15 g/cm? for nylon 6-6).

Experiments
Pressure Drop and Single-Fiber Efficiency

For each pore size, five screens were mounted in each of the
10 stages of the diffusion battery (inner diameter, dy = 3.81
cm) of a Diffusional Particle Sizer System (Model 3040, TSI
Inc., Shoreview, MN). The pressure drop across all fifty screens
was measured with an inclined manometer (Model 400, Dwyer
Instruments, Michigan City, IN) as a function of superficial
velocity (Uy). Superficial velocity was calculated as Uy = Q
/ Ao, where Q is the airflow rate through the diffusion battery
screen and Ay is the screen area calculated using dy. Airflow rate
was measured with a mass flowmeter (Model 4199, TSI Inc.,
Shoreview, MN) and varied from 1 Lpm (U = 1.46 cm/s) to 90
Lpm (Uy = 131.6 cm/s).
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FIG. 1.

Using the same screen arrangement described above, parti-
cle collection efficiency by size was measured at flow rates of
2.5, 4, and 6 Lpm (Figure 2). Flow rates of 4 and 6 Lpm were
selected to make this work directly comparable to that of Cheng
et al. (1985), whereas the 2.5-Lpm flow rate was selected be-
cause it is a commonly used sampling flow rate for industrial
hygiene equipment. Stainless steel screens were first tested in
the experimental set up for direct comparison with the work of
Cheng et al. (1985). Nylon screens were subsequently mounted
in the diffusion battery. Polydisperse ammonium fluorescein
aerosol with a count median diameter of 60 nm and geometric
standard deviation of 2.0 was generated by nebulizing a so-
lution of 0.19% (by volume) fluorescein (CyoH;20s) in 0.01
N ammonium hydroxide with a 6-jet Collison-type nebulizer
(BGI, Waltham, MA). This aerosol distribution was selected
to cover the wide particle size range between 10 and 300 nm.
Compressed air was filtered with a high-efficiency particulate
air (HEPA) filter, controlled with a regulator, and fed into the
nebulizer. The polydisperse aerosol was passed through a diffu-
sion dryer (Model 3062, TSI Inc., Shoreview, MN) and a charge
neutralizer (Model 3054, TSI Inc., Shoreview, MN). A scanning

L. G. CENA ET AL.

10 pm
—

Scanning electron microscopy image of NY60 nylon mesh screen with insert showing fluorescein loading (white spots) on a single fiber.

mobility particle sizer (SMPS—Model 5.4, Grimm Technology,
Douglasville, GA) was used to measure number concentrations
by size entering Stage 0 of the diffusion battery (no screens, Cj,)
and exiting even stages between Stage 2 and Stage 10 (Cyy) in
the sequence: 0-2-0-4-0-6-0-8-0-10. After one sequence, new
screens were placed in the diffusion battery and the measure-
ments were repeated to obtain a total of three replicates for
each pore size and flow rate. The switching valve of the Diffu-
sional Particle Sizer System was used to sequentially connect
each exit port of the even stages of the diffusion battery to the
SMPS.

Aerosol penetration (P) was calculated for SMPS midpoint
diameters between 10 and 100 nm at 10-nm intervals, and 150,
200, and 300 nm as P;x = Cout,ijk/Cin,ijk » Where i is the diffu-
sion battery stage number (2 through 10), j is the SMPS midpoint
diameter, and & is the replicate (1 through 3). Following Cheng
et al. (1985), the logarithm with base 10 of aerosol penetration
by size was plotted relative to the total number of screens the
aerosol passed in a corresponding stage i. Linear regression of
the form log(P;x) = m;; n, where n is the number of screens,
was performed on the plotted data and single-fiber efficiency

Cin
Filtered l
compressed air Switching —_— | SMPS
l T valve Cout
Poldsperse Y. || Diwion | _gy 5[ 10stage
chamber diffusion battery

fluorescein aerosol

FIG. 2. Experimental setup for particles collection efficiency tests.
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FIG. 3.

(n) by size was calculated from the slope (m) as
njk=—mj; Inl10/B, [2]

where B = 4ah/(m (1—a)dy) and dy is the fiber diameter. Mean
single-fiber efficiencies of the three replicates were then plotted
as a function of particle diameter, compared to estimates from
theory (Cheng et al. 1985), and assessed for fit.

Effect of Morphology on Collection Efficiency

The effect of morphology on the collection efficiency of ny-
lon mesh screens was observed for highly fractal-like and spher-
ical particles using the experimental setup shown in Figure 3.
Following Ku and Maynard (20006), silver (Ag) particles of vary-
ing morphology were generated using two horizontal tube fur-
naces in series. The first furnace (Lindberg/Blue, Laboratory
Tube Furnace STF55433C) was operated at 1200°C with pure
nitrogen (purity level 99.999%) at an airflow of 1.0 Lpm passed
over silver wire (purity level 99.9%) placed in a ceramic boat.
A digital mass flow controller (Model 0154, Brooks Instrument,
Hatfield, PA) was used to maintain a constant nitrogen flow rate.
The aerosol leaving the first furnace was passed through a coagu-
lation chamber (residence time ~40 s) where the aerosol cooled
to form chain agglomerates with an open structure (Figure 4a).
For highly fractal tests, the second furnace (Blue TF55035A,
Blue M, New Columbia, PA) was operated at room temperature
(furnace off). Alternatively, for spherical particle tests, the sec-
ond furnace was operated at 600°C to sinter the agglomerates
so that they would form spheres when cooled (Figure 4b). The
particles shown in Figure 4a and b were collected with an elec-
trostatic precipitator located in place of the filter holder in the
setup shown in Figure 3 and were analyzed under transmission
electron microscopy. Filtered compressed air at 1.5 Lpm was
added after the second furnace to bring the flow rate to the com-
monly used sampling flow rate for industrial hygiene equipment
of 2.5 Lpm.

(HEPA)

Experimental setup for evaluation of particle morphology on collection efficiency (adapted from Ku and Maynard 2006).

Collection efficiency was measured for screens with 60-pum
pore size (NY60), at 2.5 Lpm, for 15, 40, and 100 nm mobility
diameters, and for spherical and highly fractal-like particle mor-
phologies. An electrostatic classifier (Model 3080L, TSI Inc.,
Shoreview, MN) was used to select the mobility diameters. A
polonium-210 radioactive source (Model 2U500, NRD LLC,
Grand Island, NY) was used to neutralize the aerosol before it
was passed through a stack of either five NY60 screens (for the
20 nm tests) or twenty NY60 screens (for the 40 and 100 nm
tests). New screens were passed under a polinium-210 source
(Model 2U500, NDR LLC, Grand Island, NY) for 10 s and
loaded in the filter holder before each test. A condensation par-
ticle counter (Model 3022A, TSI Inc, Shoreview, MN) was used
to measure monodisperse aerosol concentration for 120 s before
(Cin) and after (Coy) passing through the screens. This measure-
ment procedure was repeated three times. Collection efficiency
was calculated as E = 1 — (average C,y/average Ci,), where
the average represents the mean of the concentration over 120 s.

Modification of Theory

Single-fiber efficiency of screens can be expressed as the
sum of the individual efficiencies for diffusion, interception,
and a correction term for diffusion and interception (Kirsch and
Stechkina 1978; Cheng et al. 1980, 1985). Theoretical single-
fiber efficiency of the nylon mesh screens was estimated follow-
ing Cheng et al. (1985) as:

n=27Pe??+202k)"" Ry + 124k~ "2 P2 R?3, [3]

where Pe is the Peclet number (Pe = dy Uy/D), k = — (1/2)Inc
— 0.75 + c—(c¥4), ¢ = 2a/m, R is the interception parameter
(R = dy/dy), Uy is the superficial velocity, and d,, is the particle
diameter. D is the diffusion coefficient D = kg T Cc/6 w 1 d,,
where kp is the Boltzmann constant, T is the temperature, Cc
is the slip correction factor, and w is the air viscosity. The
coefficients of each term in Equation (3) were originally
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(a)

s

200 nm
=]

(b)

200nm

FIG. 4. Transmission electron microscopy images of (a) highly fractal
Ag nanoparticles (no sintering) and (b) spherical Ag nanoparticles (600°C
sintering).

determined through laboratory experiments performed by
Kirsch and Fuchs (1968).

The experimental single-fiber efficiency values for a given
particle size, calculated using Equation (2), were used to mod-
ify the coefficients of each term in Equation (3) (2.7, 2, and
1.24). New coefficients were determined to minimize the sum
of the square error (SSE) between theoretical and experimental
single-fiber efficiency values. The solver function (MS Excel,

L. G. CENA ET AL.

2.5

AP per screen (mm H50)

0' rrrrrrrrrrrrr e T T e e T T
20 40 60 80

Superficial velocity (cm/s)

FIG. 5. Pressure drop per screen as a function of superficial velocity. Solid
line is a linear regression through data points.

Microsoft Corp., Redmond, WA) was used to minimize the SSE
by iteratively changing the three coefficients in Equation (3).

RESULTS AND DISCUSSION

Pressure Drop and Collection Efficiency

A linear relationship was observed between pressure drop
and superficial velocity for all pore sizes over the velocity
range from 1 to 130 cm/s (Figure 5). A linear relationship
between pressure drop and superficial velocity is an underlying
assumption of a filtration theory for calculation of particle
collection efficiency that is based on single-fiber efficiency
(Cheng et al. 1985).

Mean experimental single-fiber efficiencies as a function of
particle diameter with 95% confidence interval error bars are
provided in Figure 6 (closed symbols) for NY60 screens at
6 Lpm. The theoretical expression of Equation (3) (solid line) is
in good agreement with estimates of single-fiber efficiency for
nylon net screens for particles between 40 and 150 nm, where
theory was within the 95% confidence intervals of the experi-
mental data points. Theoretical estimations, however, were out-
side of the 95% confidence intervals of the experimental data
for particles smaller than 40 nm, where efficiency was over-
estimated, and larger than 150 nm, where efficiency was un-
derestimated. The explanation for these findings is unknown
for particles smaller than 40 nm. For particles larger than
150 nm, the effect of the impaction mechanism, assumed to
be negligible by Equation (3), was tested following the single-
fiber efficiency expression proposed by Cheng et al. (1980). This
single-fiber efficiency expression includes an inertial impaction
term in addition to the diffusion and direct interception terms.
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FIG. 6. Experimental data with comparison of original and modified single-
fiber efficiency theory for NY60 screens at 6 Lpm. Error bars represent 95%
confidence intervals.

The inclusion of the inertial impaction term yielded the same
single-fiber efficiency estimations as those obtained with Equa-
tion (3) for particles larger than 150 nm for all mesh sizes tested.
Inertial impaction was therefore ruled out as a possible expla-
nation of the discrepancy between theoretical and experimental
single-fiber efficiency values for particles larger than 150 nm.

The theoretical estimations of the single-fiber efficiency
model tested by Cheng et al. (1985) on stainless steel screens
have been used to determine the number and pore size of nylon
mesh screens for a size-selective collector for particles smaller
than 0.25 um (Gorbunov et al. 2009). The collection efficiency
of nylon mesh screens, however, has only been investigated for
micrometer-sized particles ranging between 0.3 and 100 pum
(Yamamoto et al. 2005). In their work, Yamamoto et al. (2005)
found high variability in experimental data and discrepancies
between theoretical and experimental collection efficiencies.
Particularly, they found that the theoretical estimations were
higher than the experimental collection efficiencies for particles
smaller than 5 wm and larger than 20 «m. The present tests and
evaluations of collection efficiency for sub-300 nm particles,
coupled with the analytical advantages of the nylon fibers, pro-
vide valuable information for future uses of nylon mesh screens
as particle collection media.

Effect of Morphology on Collection Efficiency

The results of the silver particle morphology tests are sum-
marized in Table 2. For each mobility size, morphology affected
efficiency by less than 4%. No specific morphology was found
to affect overall efficiency more than another. For the 15-nm
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TABLE 2
Effects of particle morphology on collection efficiency of
NY60 screens

Collection efficiency (SD) (%)

Particle Number of Highly

diameter (nm) screens Spherical fractal-like
15 5 37.9 (0.6) 34.3 (0.7)
40 20 43.9 (0.1) 45.6 (0.5)
100 20 23.4 (0.3) 24.0 (0.2)

aerosol, highly fractal-like particles had smaller collection ef-
ficiency (34.3%) than spherical particles (37.9%). Conversely,
for 40 and 100-nm mobility sizes, the spherical particles had
smaller collection efficiency (43.9% and 23.4%, respectively)
while highly fractal-like particles had larger collection efficiency
(45.6% and 24.0%, respectively).

Highly fractal-like particles have larger interception lengths
than spherical particles; however, when compared to the screen
fiber diameter (33 pm), the particles studied in these tests were
so small (<100 nm) that interception may not play a significant
role in their collection. Visual comparison between fiber diam-
eter and particle size can be observed in the inset in Figure 1,
showing fluorescein nanoparticles deposited on an NY60-screen
fiber. These efficiency similarities are consistent with the find-
ings for fibrous filters of Kim et al. (2009), who found that for
particles smaller than 100 nm, penetration through filters was
similar regardless of particle morphology.

These results have implications for the evaluation of theory.
A significant effect of morphology on the screen’s overall effi-
ciency would have warranted the inclusion of this factor in the
theoretical model. These tests confirmed the negligible effect
of morphology on collection efficiency of sub-100 nm particles
and validated its exclusion from theoretical estimation models.

Modification of Theory

The experimental collection efficiency data were used to em-
pirically modify the coefficients of Equation (3). These coeffi-
cients were estimated by minimizing the SSE between theoret-
ical and experimental data. The SSE values for the theoretical
model with the original coefficient (Equation (3)) and modified
theory with new coefficients are reported in Table 3. The mod-
ified coefficients are 2.3, 2, and 4.3, and hence the modified
single-fiber efficiency theory is expressed as

n=23Pe P +20Q2k) ' R?+43k7 2 Pe” 2 RY3. (4]

For all screen types and flow rates tested, the SSE was lower
for the theory with the modified coefficients than for that with the
original coefficients (Table 3), indicating improved fit. The SSE
was at least one order of magnitude lower when calculated using
Equation (4) for all screens and flow rates with the exception of
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TABLE 3
Sum of squares error between experimental single-fiber
efficiency values and theoretical models (original and
modified)

L. G. CENA ET AL.

Sum of squares error

Screen Flow rate  Original theory = Modified theory
type (Lpm) (Equation (3)) (Equation (4))
NY60 2.5 8.65 x 1073 243 x 1073
4 3.08 x 1073 5.59 x 107
6 4.86 x 1074 3.83 x 1073
NY1H 2.5 9.50 x 107* 5.07 x 1073
4 6.53 x 107 5.57 x 1073
6 1.77 x 107 5.25 x 1073
NYS8H 2.5 8.43 x 107* 5.87 x 1073
4 4.41 x 107* 2.39 x 1073
6 2.11 x 107 4.46 x 107°
SS635 2.5 1.32 x 1072 3.76 x 1073
4 2,95 x 1073 2.23 x 1074
6 3.54 x 1073 8.58 x 1074

the NY60 screens at 2.5 Lpm flow rate, where the decrease was
threefold.

The improved agreement between the modified single-fiber
efficiency and the experimental data is visible in Figure 6, where
the dotted line represents the modified theoretical estimations of
Equation (4). Figure 7 presents mean experimental single-fiber
efficiency and theoretical estimations calculated using Equation
(4) for all pore sizes and flow rates tested, showing that the
theoretical values estimated with the modified coefficients fall
within the 95% confidence interval error bars of the experimental
values. The new model (Equation (4)) can therefore be used
for estimating theoretical efficiency of nylon net screens if the

physical dimensions of the screens (i.e., screen thickness, fiber
diameter, and packing density) are known as E = 1 —exp(—nBn),
where 7 is Equation (4) and 7 is the number of screens.

Estimates of single-fiber efficiency made with the original
theory (Equation (3)) fell within the 95% confidence interval
of experimental data only for particles between 40 and 150 nm
for both nylon and stainless steel screens. The tests performed
with the stainless steel screens allowed direct comparison of our
results with those of Cheng et al. (1985), who found that this
model fit experimental values well for stainless steel screens
for all particle sizes tested from 0.22 to 0.95 pum. Deviation
of experiment from theory was expected for nylon but not for
stainless steel screens.

The deviation observed for stainless steel screens may be
due to differences between the experimental setup and the in-
strumentation used in this study and that of Cheng et al. (1985).
Cheng and coworkers generated polydisperse oleic acid aerosol
that was subsequently classified to yield monodisperse fractions.
Aerosol concentrations were measured simultaneously with a
condensation nucleus counter and a Faraday cup with an elec-
trometer, and the slopes obtained from the linear regression on
aerosol penetration by number of screens of the two sets of data
were averaged prior to the calculation of single-fiber efficiency.
This method yielded one single-fiber efficiency value per parti-
cle size and no indication of the variability within measurements
for each particle size. In our experiments, we generated polydis-
perse ammonium fluorescein aerosol and measured aerosol con-
centration by size using an SMPS. This method greatly reduced
the number of experiments and allowed us to obtain triplicate
measurements for each particle size. Linear regression was per-
formed on each set of data and the linear regression slopes were
not averaged prior to the calculation of single-fiber efficiency.
The single-fiber efficiency values obtained from the slopes were
averaged and the repeated measurements were used to estimate
95% confidence intervals around the mean efficiencies.

(a) NY60

(b) NY1H (c) NY8H

0.1 N
>
(é ‘
8 N {
5 £
—
9]
2
o 001 1
[=)]
E 2.5 Lpm theory
L ® 25 Lpm experimental
e 4 | pm theory
4 4 Lpm experimental
= = =6 Lpm theory
- :
0.001 6 Lpm experimental ——— _ i —
10 100 10 100 10 100

Particle diameter (nm)

FIG. 7. Theoretical (Equation (4)) and experimental single-fiber efficiency of (a) NY60 screens, (b) NY 1H screens, and (c) NY8H screens. Error bars represent

95% confidence intervals.
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A similar approach to developing empirical efficiency models
has been taken by Wang et al. (2007). In a study that investi-
gated the filtration efficiency due to diffusion of standard filters
for particles ranging between 3 and 400 nm, they compared ex-
perimental data with a theoretical filtration model similar to the
one used in this study. Wang et al. (2007) averaged the model
coefficients obtained from experimental data of four filter me-
dias to develop a new model that better estimates the filter’s
collection efficiency. Unlike nylon net screens, standard filters
have nonhomogeneous fiber diameters that make it difficult to
theoretically express filtration efficiency.

There are some limitations to this work. The modified single-
fiber efficiency model provided in this study (Equation (4)) may
not apply to particle sizes outside of the range observed in this
study (10-300 nm). Additionally, nylon fibers may develop and
retain static electricity charges that may affect the collection
efficiency of the screens. The effect of these charges on parti-
cle collection efficiency was not investigated in this study. The
effects of particle morphology were tested on silver particles;
therefore, the results obtained may not apply to fibrous particles
such as carbon nanotubes.

CONCLUSIONS

The pressure drop and particle collection efficiency were
measured experimentally for 3 pore sizes of nylon mesh screens.
The effects of particle morphology on collection efficiency of
the screens were also evaluated. No substantial effects on effi-
ciency changes were found for spherical and highly fractal-like
silver particles. Single-fiber efficiency of the nylon mesh screens
was calculated from the experimental data and compared to the
theoretical estimations for fibrous filters of Kirsch and Stechk-
ina (1978) adapted for mesh screens by Cheng et al. (1980).
The results of this comparison indicated that the theoretical es-
timations were in good agreement with the experimental data
for particles between 40 and 150 nm, but the experimental data
deviated from theory for particles smaller than 40 nm and larger
than 150 nm. A modified theory to estimate collection efficiency
of nylon mesh screens was generated by empirically modifying
the model’s coefficients. The modified theory was found to better
match the experimental data and fell within the 95% confidence
interval limits of the experimental data.

Nylon mesh screens provide a low-cost, disposable collection
surface suitable for collection of nanoparticles and are compat-
ible with a wide range of analysis methods. The ability to accu-
rately estimate collection efficiency of particles and of analyz-
ing their composition with minimal interference from the nylon
fibers makes nylon mesh screens an ideal collection substrate for
nanoparticles. The use of nylon mesh screens as diffusion mate-
rial may help better understand and estimate workers’ exposure
to nanoparticles.
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