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Aerolized adhesive coating
has previously been shown 
to be as effective as 
conventional methods and
may offer advantages

Aerosolized adhesive coating of
cascade impactor plates

Introduction
It is now widely recognized that coating of particle
collection surfaces prior to impactor measure-
ments is often necessary to avoid bias caused by
particle re-entrainment of solid particles.1-4 Re-
entrainment is defined as particle bounce and par-
ticle blow-off due to the velocity of air through the
impactor jets. Particles that should have been
retained on the collection surface can be re-
entrained and carried to a subsequent collection
stage or filter. The amount of re-entrainment is
dependent on the particle and collection surface
characteristics, but in most cases can be reduced
or eliminated by applying a sticky material to the
collection substrate.1,2

Typical sticky materials used are vacuum grease, sil-
icone anti-foam, surfactants or other viscous or
adhesive substances.5,6 Interestingly, there have
been few studies investigating the characteristics
of the collection surface or the properties of the
adhesive necessary for reducing particle re-entrain-
ment. Most studies simply discuss the materials
that have been used. Table 1 provides a list of the
more common materials reported. The most
notable study was conducted by Kishan Rao many
years ago as part of his PhD Dissertation.7 Rao
reported that uncoated glass collection plates had
a maximum collection efficiency of only 30%. Oil-
coated glass slides had essentially 100% collection

Table1
Commonly-used impactor adhesive materials.

(Adapted from Marple, et al.5 and Mitchell6)

Adhesive Solvent Notes

Dow-Corning Anti-foam Water 10% v/v suspension

(1520)

Glycerol Water 10% w/v solution

Brij 35 Ethanol 15% w/v solution

Brij 35 + glycerol Ethanol 1 ml Brij, 20 ml EtOH, 

5 g glycerol

Tween 80 Ethanol 1% v/v solution

Tween 20 Ethanol 4% v/v solution

Span 85 Hexane 1% w/v solution

Silicone oil Hexane 1-2% w/v solution

Polypropylene glycol Hexane 11% solution

High vacuum silicone Benzene 1-10% solution

grease

Mineral oil None

Petroleum jelly None
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efficiency. He also studied filter papers, which
showed better collection efficiency than uncoated
plates, but nevertheless were no better than
approximately 75% efficient.

It would seem that standardization of coating pro-
cedures should reduce variability in impactor mea-
surements, but this has not been well studied.
Impactor collection plates are usually coated by
pipetting, painting, spraying, dipping or flooding
the adhesive substance (generally dissolved in a
suitable solvent) onto the entire surface and allow-
ing it to dry in a hood. The technique may require
hours for the adhesive to dry or for the solvent to
evaporate. The coating can be non-uniform and the
amount of adhesive used is normally large com-
pared to the weight of the aerosol that will be col-
lected. If the adhesive interferes with the analysis, a
large amount of adhesive can be problematic. After
coating, the impactor must be reassembled.
Handling coated plates can be difficult if the coat-
ing is to remain intact and undisturbed.

Coating adhesive with an aerosol
Coating adhesive materials onto the collection
plates of impactors uses more adhesive than is
required. Adhesive that is anywhere on the plate
except immediately under the impactor orifices is
extraneous material. Virtually all the particulate
that is sampled into an impactor is deposited in a
small area directly in line with and underneath the
orifice. 

The concept for an aerosol adhesive sprang from
the idea that an aerosol of adhesive material sam-
pled into an impactor should deposit onto the col-
lection plate of the impactor essentially exactly
where any other aerosol would deposit, thereby
eliminating the extraneous adhesive material on
the collection plate. The subsequent sampling of
the aerosol of interest would then be deposited
into or on the previously deposited adhesive.

In practice, an aerosol of adhesive material is pro-
duced, then the impactor is used to simply sample
the adhesive aerosol. This results in a deposit
directly under the orifice(s) and essentially no -
where else on the collection plate. Depending on
the characteristics of the adhesive material, it has a
tendency to spread fairly evenly across the deposit
space under the orifice, thus completely covering
that space and leaving no voids.

It has already been shown that an adhesive applied
by aerosol produces the same cascade impactor
results when sampling a test aerosol of ammonium
fluorescein as when using a conventional coating
technique (pipetting).8

The practical application of the aerosol adhesive
approach for a cascade impactor requires that the
adhesive aerosol cover the broad range of cut-sizes
of the device. An ideal approach is to automate the
coating process so that the impactor plates can be
coated then dried, all in a single step. There are a
number of techniques that can be used to produce
the broad size distribution of adhesive aerosol,
such as varying pressure, speed of rotation, orifice
size or flow rates of atomizers or nebulizers.8,9 A
technique that is very amenable to automation
involves using multiple liquid atomizer heads that
produce droplets that cover a range of sizes.10

Figure 1 shows the twin-headed internal mix atom-
izer used in the study described here.

An adhesive
aero sol was pro -
duced by dis-
solving or sus-
pending the
adhesive mater-
ial (Brij, Brij +
glycerin or vac-
uum grease) in
a solvent (etha -
nol, hexane or
water) and in -
troducing the
liquid to the
tw in - h e aded
atomizer. The air
pressure could
be varied; the
liquid was fed
to the atomizer
by its own suc-
tion through
holes at the bot-
tom of the a -
tom izer. An An -
der sen Cas cade
Impac tor (ACI)
was pre-assem-
bled with dry
plates in the
normal fashion.
The ad hesive
aero sol was
forced through
the cascade
impactor rather
than pulled
through by vac-

uum as would nor mally be done to sample through
the im pac tor. The time of atomization and the air

Figure 1
A twin-headed atomizer
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pressure were varied to produce different deposit a -
mounts on each of the plates. Af ter coating, the
plates were dried by forcing dry compressed air
through the im pactor. Coat ing typically took less
than 20 seconds, and drying less than 2 minutes. In
all of the following re sults, the quantity of adhesive
on the impactor collection plates was measured
gravimetrically.

Coating performance
The application of an adhesive coating from
aerosol produced a uniform deposit. Figure 2
shows the deposits from a coating made at 10 psig
on the atomizer in 60 seconds (rather than 20 sec-
onds for ease of photographing). The coating was
produced from a mixture of Brij, water and glyc-
erin at a ratio of 1:20:5. It is evident that the coat-
ing deposits under the orifices of the impactor. In
the case of Stages 0-2, it is also apparent there is
some bouncing and spreading of the droplets. The
adhesive that extends beyond the immediate
region under the orifices most likely serves to cap-
ture any re-entrained particles that may subse-
quently be sampled.

There are some droplets on Stage 7, the stage with
the lowest cut-point and the highest velocity,
which are split. This can be seen in Figure 2. For
the case of the water solvent shown here, the split-
ting probably occurs with less than 30% of the
deposits. The splitting of the deposits increases
with increasing volatility of the solvent used in the
mixture. It may also be affected by the viscosity or
surface tension of the mixture, but this has not yet
been studied. The split deposits always have a
region in the center of the adhesive deposit that is
thinner than the remainder of the deposit, yet is

always present. Figure 3 is a micrograph of Stage 7
from a mixture of 15% Brij in ethanol. This repre-
sents the highest degree of splitting of deposits
noted so far and may have to do with the high con-
centration of surfactant in the mixture. There is
substantial adhesive material in the center of the
deposit. Figure 4 is a micrograph of a Stage 7
deposit from a 1.5% Apiezon T (high vacuum
grease) in hexane mixture deposited onto alu-
minum foil. The cascade impactor was then used to

Figure 2
ACI Plates 0-7. Brij-water-glycerin (1:20:5).

Figure 3
Stage 7 Adhesive deposit 15% Brij in ethanol

Figure 4
Stage 7 Adhesive deposit 1.5% Apiezon T in

hexane
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sample a dried ammonium fluorescein aerosol as
described in previous work.8 The sampled aerosol
is clearly collected in the center of the split deposit
and the adhesive is sufficient to collect the particu-
late sample.

The reproducibility of adhesive deposits is very
good when the same conditions on the atomizer
are used. Figures 5 and 6 show reproducibility and
absolute amounts of adhesive deposited on each
plate of an ACI for 5 coating runs. Figure 5 shows a
Brij-ethanol-glycerin mixture in the ratio of 1:20:5,
where the atomizer was run for 6 seconds at 11
psig. Figure 6 shows the same mixture but water
replaced the ethanol and the atomizer was run for
8 seconds at 11 psig.

The variability between stage to stage depositions
is narrow when comparing the water mixture with

the ethanol mixture, except for Stages 6-7. Deposits
range from 1-5 mg per stage and may be easily
adjusted by changing the duration of atomization
(data not shown). Increasing the pressure of atom-
ization has a tendency to increase the relative
deposit on the middle to last stages while decreas-
ing the pressure has a tendency to increase the rel-
ative degree of deposition on the upper to middle
stages.

It is very interesting to note that the water-based
mixture is more reproducible than the alcohol-
based adhesive mixture, as evidenced by the stan-
dard errors indicated on the graphs. This seems to
be generally true and highlights an advantage of
using an aerosol-deposited adhesive. Most adhesive
mixtures used today have a volatile solvent to
reduce the time needed to dry the plates after
adhesive coating. With the aerosol technique, these
solvents can be replaced with safer liquids (e.g.,
water for ethanol and isopropyl alcohol for
hexane).

Conclusions
Adhesive coating using an aerosol application tech-
nique has previously been shown to be as effective
as conventional collection plate adhesive coating
methods. The aerosol technique is quicker than
conventional techniques because it can be com-
pleted in one operation. Coating and drying times
are typically less than 3-4 minutes.

The adhesive deposits on ACI plates are uniform
and range from 1-5 mg per plate. The deposits are
generally located directly under the orifices of the
impactor, although some spreading can occur,
especially on the last stage. The amount of deposit
can be easily changed by altering the amount of
time that the adhesive aerosol is generated (typi-
cally from 6-60 seconds). The amount deposited is
very reproducible when the atomizer parameters
(pressure and time) are identical. Due to rapid dry-
ing, it is possible to replace volatile organic sol-
vents with safer materials.
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Coating reproducibility Brij-ethanol-glycerin
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Figure 6
Coating reproducibility Brij-water-glycerin 
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