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ABSTRACT

To prepare airborne or liquid-borne particles for
analysis by transmission electron microscopy (TEM),
filtration through filters of polycarbonate (PC) and
mixed esters of cellulose (commonly known as mixed
cellulose ester - MCE) is often used. Polycarbonate filters are prepared by carbon coating the filters and gently dissolving away the filter material, with an appropriate solvent, leaving the particles caught in a carbon
film. Mixed cellulose ester filters are prepared by collapsing the filter, etching the top filter residue, carbon
coating the filter and dissolving away the residual filter material. This paper describes the procedures in
detail with illustrations of the key steps.
INTRODUCTION

In order to analyze individual particles with TEM,
it is necessary to mount the particles in carbon films
on electron microscope grids. Particles in air, water or
other liquid are generally filtered through a membrane
filter. The filters are then prepared through a series of
careful steps to achieve electron microscope grids with
particles caught in a fairly fragile carbon film.
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Membrane filters of cellulose ester material were
commercially available in the 1950s for use in aerosol
assays. The combination of membrane filters and electron microscopy in the measurement of solid-air-borne
particulates was the subject of a publication as early
as 1953 (1). A more thorough discussion of the early
use of membrane filters and electron microscopy was
published previously in The Microscope and can be
found in reference 2.
Ortiz and Isom (3) published a direct transfer
method which involved collapsing the mixed cellulose ester (MCE) filters. Direct-transfer methods are
intended to retain all particles collected in the same
relative positions, with respect to each other in a carbon replica, as they were on the original filter. Burdett
and Rood (4) improved the direct transfer method for
MCE filters by incorporating a low-temperature
plasma etching step. This addition to the preparation
procedure provided an essentially featureless background for analysis.
Polycarbonate filters were used routinely in the
1970's as substrates for collecting particles for TEM
analysis. They require no collapsing and no etching.
The grids produced using PC filters show a background
of the replicas of the pores in the filter.
Since the early 1970's various particulate/filter
transfer methodologies have been published by agencies such as the Environmental Protection Agency
(EPA), the International Organization for Standardization (ISO) and the American Society for Testing and
Materials (ASTM) (5-15) . These publications describe
procedures for preparing airborne, waterborne, and
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Extract a circular sub-sample from the MCE filter
using a sharpened and pre-cleaned eight millimeter
diameter cork borer (Figure 1). Use a twisting motion
with gentle, evenly applied pressure and avoid scraping the cork borer across the filter surface that would
disturb the particle loading. Place the excised subsample "particle-side-up" on a clean glass slide and
secure with a paper page-hole reinforcement sticker.
Ensure that the perimeter of the circular sub-sample
is completely covered with the reinforcement (Figure
2). NOTE: The cork borer must be cleaned between
samples (to prevent cross-contamination) by rinsing
the exterior and interior with reagent alcohol and drying with a clean-room wipe such as a Kimwipe®. The
interior is blown dry with compressed air.

Identify the samples on the slide by writing the
sample number directly onto the reinforcement. Once
all samples are secured to the slide, it is ready for filter
collapse. Prepare a fusing dish consisting of a glass
petri dish (approximately 100 mm X 10 mm) containing a stainless steel mesh bridge. Bend the bridge to
allow slight curvature. Add enough acetone to the dish
to cover the dish bottom. Place the prepared slide on
the bridge, cover the dish, and wait approximately
four minutes (Figure 3). The acetone vapor inside the
dish will collapse the MCE filter medium (Figure 4).
Place the slide with collapsed MCE filter samples
in the plasma asher and etch the filter surfaces (Figures 5 and 6). The time required for proper etching
depends on the particles of interest and on the operating parameters of the plasma asher. For minerals, a
procedure for plasma asher calibration is described in
detail in ASTM 05755 (11). In summary, the operating
parameters of the asher are determined that would
result in complete oxidation of one unused MCE filter
placed on a glass slide in the center of the asher chamber witl'lin a period of approximately fifteen minutes.
Using the same established parameters, the collapsed
MCE filter samples would then be etched for eight minutes. NOTE: The etching step should be omitted if
particles of interest are carbon-rich, such as polymers,
plastics, or cellulose.
Prepare a Vacuum Evaporator (Figure 7) with carbon rods according to the manufacturer 's instruction.
Sharpen one rod to a fine point and polish the end of
the other rod to a flat, smooth surface. The sharpened
tip should be approximately 4 mm X 1 mm (Figures 8
and 9). Place the two rods in the electrodes. The rods

Figure 1. Using Cork Borer

Figure 2. Tweezers and Reinforcements

settled dust-containing asbestos samples produced by
filtering through MCE and PC filters. Although some
methods incorporate indirect preparation steps initially, all the methods eventually lead to the direct
preparation of MCE or PC filters to produce the final
TEM grids for analysis.
With additional research, especially on the solvents used to dissolve the filter material, the preparation methods have improved over the years. This paper describes, in detail, current techniques that have
been found to be excellent in consistently producing
high quality carbon replicas on TEM grids from MCE
and PC membrane filters. These procedures are used
for the preparation of all types of particulate samples
including asbestos fibers.

PREPARATION OF MCE FILTERS
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Figure 3. Filter sections on slide

Figure 4. Filter sections after collapse in fusing dish

Figure 5. Plasma asher

Figure 6. Plasma asher on with plasma visible

Figure 7. Vacuum Evaporator

Figure 8. Sharpening carbon rod
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are kept in contact via spring-loaded tension (Figure
10).
Place the glass slide on the rotation-tilting stage,
approximately 10 to 12 cm from the evaporation
source. Double-sided adhesive tape may be used to
affix the slide to the stage (Figure 11). Evacuate the
evaporator chamber to a vacuum better than 0.013 Pa
or 10 -4 Torr and carbon coat the sample in the vacuum
evaporator according to the manufacturer's instructions (Figure 12). CAUTION: To avoid damage to the
eye, never look directly at the arc during carbon coating.
Prepare a Jaffe washer (16) consisting of a 100 mm
X 10 mm glass petri dish and a stainless steel bridge.
Although it may be constructed in several variations,
the following has been found to work well for this MCE
filter procedure and is the same design described

above for the fusing dish. Bend the bridge to adjust
the height at center to approximately five millimeters.
Place a sheet of lens tissue on top of the bridge with
sufficient length so that a portion extends beyond the
bridge into the bottom of dish.
Add
dimethylformamide (DMF) to the dish so that the bottom of the dish is completely covered and the lens tissue is completely saturated. The meniscus should not
come in contact with the tissue from beneath the bridge.
Place the TEM grids on the saturated lens tissue. Use a
scalpel to cut sample sections from the carbon-coated
slide and place on the grids in the Jaffe washer (Figures
13 and 14). Sections should be large enough to completely cover the 3 mm diameter TEM grid and overlap slightly onto the lens tissue.
Cover the dish and set a timer for 15 minutes. After 15 minutes, carefully add acetone to the dish until

Figure 9. Carbon rods

Figure 10. Rods in holder

Figure 11.Samples in Evaporator
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Figure 12. Turning up current
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Figure 13. Cutting MCE for grids

Figure 14. Putting final MCE on grids

the meniscus comes in contact with the bridge underneath the grids. Care should be taken so that the grids
do not float from the bridge with the addition of too
much acetone. Cover the dish and set timer for an
additional 30 minutes. After 30 minutes, carefully remove the grids and place them in a labeled grid box.
Allow the grids to dry completely inside the opened
grid box in the dean-bench for approximately 5 to 10
minutes. An example of the finished MCE filter specimen as viewed in the TEM is shown below in Figure
15.

and tweezers between handling each filter with reagent alcohol and Kimwipes. Identify the filter portions by writing the sample number on the lens paper
covering the glass slide.
Place the glass slide holding the filter portions on
the rotation-tilting device, approximately 10 to 12 cm
from the evaporation source, and evacuate the evaporator chamber to a vacuum better than 0.013 Pa or
lQ-4 Torr. Perform the evaporation of carbon in very
short bursts, separated by a few seconds to allow the
electrodes to cool (Figure 18).
If evaporation of carbon is too rapid, heat from the
carbon rods will cause the polycarbonate material to
cross-link. This cross-linking produces a layer of polymer which is relatively insoluble in most organic solvents, and it will not be possible to prepare satisfactory TEM specimens. If the carbon film is too thin,
large particles will break out of the film during the
later stages of preparation, and there will be few complete and undamaged grid openings on the specimen.
A carbon film too thick will lead to a TEM image which
is lacking in contrast, and the ability to obtain diffraction patterns will be compromised.
Prepare a Jaffe washer consisting of a 100 mm X 10
mm glass petri dish and a stainless steel bridge. Place
a sheet of lens tissue on top of the bridge with sufficient length so that a portion extends beyond the bridge
into the bottom of the dish. The technique to use for
dissolving PC filter material using the Jaffe washer depends on the solvent of choice. The preferred method
requires a mixture of 20% 1,2-diaminoethane and 80%
1-methyl-2-pyrrolidone (MP). Two additional solvent
options are chloroform or MP alone. The techniques
are described below in detail.

PREPARATION OF PC FILTERS
Use a clean microscope slide to support representative portions of PC filter during the carbon evaporation. Completely cover one side of the microscope slide
with double-sided adhesive tape. Cut a section of lens
paper the same length and approximately 5 - 6 mm
narrower than the width of the slide. Center the lens
paper over the double-sided tape leaving exposed adhesive on either side. (Note: Some microscope slides
are supplied from the manufacturer with paper separators. These papers are ideal for this use.) Using
freshly cleaned tweezers, place the polycarbonate filter on a clean cutting surface such as a stack of
Whatman® filter papers. Take care not to stretch the
PC filters during handling. Using a freshly cleaned,
curved scalpel blade, cut a strip from the PC filter approximately 3 to 4 mm wide and slightly longer than
the width of the microscope slide (Figure 16). Anchor
the strips, particle side up, to the exposed adhesive on
each side of the slide as shown in Figure 17. Repeat the
process as necessary. Several samples may be mounted
on the same microscope slide. Clean the scalpel blade
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Figure 16. Cutting PC filter
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Figure 15. Prepared MCE filter showing a lead particle and
light element particle flakes as viewed in the TEM. The
background is essentially featureless.

Figure 18. Slide in Evaporator

Figure 17. Slide with multiple PC strips

NOTE: Since chloroform evaporates more quickly
than the other solvents, increase the height of the stainless steel bridge to allow for a larger reservoir (up to
50 ml) in the Jaffe washer. If using a 10 ml mixture of
20% 1,2-diaminoethane and 80% MP, reduce the height
to approximately three mm.
Use of the Jaffe washer with chloroform
Add a sufficient volume of chloroform to the dish
so that the lens tissue on the bridge is completely satu8

rated. The meniscus should be in contact with the lens
tissue. Cut three mm 2 sections of the polycarbonate
filter sample from the carbon-coated slide, using a
curved scalpel blade. Select three squares to represent
the center and the outer periphery of the active surface of the filter. Place each square of filter, carbon side
up on a TEM specimen grid, and place the grid and
filter on the saturated lens tissue in the Jaffe washer.
When all specimens are loaded, cover the Jaffe washer
with the lid, and allow the washer to stand for at least
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8 hr. It has been found that some lots of polycarbonate
filters will not completely dissolve in the Jaffe washer,
even after exposure to chloroform for as long as three
days. This problem also occurs if the surface of the
filter was overheated during the carbon evaporation.
Chloroform also evaporates quickly and may need to
be replenished.
Condensation Washer
Condensation washing used in conjunction with
the Jaffe Washer may be used to remove the residual
polycarbonate. A condensation washer consists of a
flask, condenser, cold finger assembly, heating mantle
(used for boiling the solvent) and a means for controlling the temperature. Prepared TEM specimens are
transferred to the cold finger of the condensation
washer, which has achieved stable operating conditions using chloroform as the solvent. After approximately 30 minutes, the specimens should be cleared of
residual polycarbonate. NOTE: This procedure is not
commonly used because it is difficult to control the
tern pera ture consis ten tl y.

If followed precisely, it will produce a specimen
with very little residual filter material in a relatively
short period of time.
Prepare the Jaffe washer as described above but
without solvent. Cut individual 3 rnrn 2 pieces of carbon-coated polycarbonate filter from the carboncoated filter portion, using a curved scalpel blade. Place
each square of filter, carbon side up, on a TEM specimen grid, and place the grid and filter onto dry lens
paper on the stainless steel mesh in the Jaffe washer

Use of the Jaffe washer with 1-methyl-2-pyrrolidone
(MP)

Prepare the washer as described above and add a
sufficient volume of MP so that the lens tissue on the
bridge is completely saturated. The meniscus should
be in contact with the lens tissue. Add the grids and
filter sections to the lens tissue. [NOTE: ISO 10312
suggests that the specimens be placed directly onto
the stainless steel bridge without lens tissue.] Cover
the Jaffe washer with the lid, and allow the washer to
stand for 2 -6 hr. After dissolution is complete, remove
the stainless steel mesh from the Jaffe washer and allow the grids to dry. Because MP evaporates very
slowly grids may be dried more rapidly by first rinsing away the MP. Transfer the stainless steel bridge
into another petri dish of deionized or distilled water
until the meniscus contacts the underside of the mesh.
After approximately 15 minutes, remove the mesh and
allow the grids to dry. If it is desired to retain the
water-soluble particle species on the TEM grids, ethanol may be used instead of distilled water for the second wash.
Use of the Jaffe washer with a 10 ml mixture of 20%
1,2-diaminoethane and 80% 1-methyl-2-pyrrolidone
NOTE: This method of dissolving polycarbonate
material developed by Eric Chatfield (17) produces
very high quality grids, in the shortest time, of any
solvent currently in use for PC filters.

Figure 19. Final PC filter sections to grids
(Figure 19). The height at center should be approximately three mm. Multiple grid specimens may be
placed in the same Jaffe washer. When all specimens
are loaded in the washer, add 10 ml of prepared and
thoroughly mixed solvent until the meniscus comes in
contact with the grids from underneath the bridge.
Cover the Jaffe washer with the lid and allow to stand
for approximately 20 minutes.
NOTE: Some types of copper grids are attacked by
this solvent mixture after 15 minutes. Test your grids
to determine that they are not affected in the 20 minute
dissolution time. Gold and nickel grids are not affected.
Next, remove the stainless steel bridge containing
grid specimens from the Jaffe washer and transfer to
anotl1er empty petri dish. Rinse away the solvent by
adding deionized or distilled water until the meniscus
contacts the underside of the bridge. After the lens
tissue has absorbed the water briefly (approximately
five seconds), remove the bridge with forceps and pour
out the rinse into a solvent waste container. Place the
bridge back into the rinse dish and add another vol-
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ume of water until the meniscus is again in contact
with the bridge. After another five second rinse, remove the bridge again and pour out the water. Place
the bridge back into the dish and add water again until the meniscus is in full contact with the bridge. Allow the grids to remain in contact with this third and
final rinse for at least 15 minutes.

•
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After approximately 15 minutes, remove the
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