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This paper deals with preparation of PE clay nanocomposite specimen for trans-
mission electron microscopy (TEM) and studying the difference between disper-
sion of clay in low density polyethylene using poly(hydrogen methyl siloxane)

(PHMS) as coupling agent and untreated one. Argon ion milling is the conventional
means by which film sections are thinned to electron transparency for TEM analysis,
but this technique exhibits significant problems. In particular, selective thinning and
imaging of sub-micrometer inclusions during sample milling are highly problematic.
We have achieved successful results using the focused ion beam (FIB) lift-out tech-
nique, which utilizes a 30 kV Ga+ ion beam to extract electron transparent specimens
with nanometer scale precision. Using this procedure, we have prepared a number of
thin film materials representing a range of structures and compositions for TEM analy-
sis. We believe that FIB milling will create major new opportunities in the field of thin
film nanocomposite materials microanalysis. FIB Cutting technique has been success-
fully applied to prepare TEM specimens of nano-sized clay in low density polyethylene
film. In order to see the effect of dispersion and adhesion of clay to matrix using cou-
pling agent a series of PE clay nanocomposite containing clay encapsulated by
PHMS, untreated clay were prepared by melt blending. The effects of coating on clays
and dispersion of clay in low density polyethylene were studied by TEM.

INTRODUCTION

Recently, several studies have been
conducted to investigate the behav-
iour of polymer based composites
reinforced with clay particles [1-4],
which can remarkably improve the
properties of the polymers [5-14].
The high surface-to-volume ratio
of nano-particles leads to a high
reinforcement efficiency. Thus
polymer clay nanocomposite
(PCNC) well dispersed platelets at

a low clay loading of 2 to 5 wt%
show highly increases in modulus,
yield strength, reduced flame prop-
agation and permeability. The clay
that is most generally used is mont-
morillonite (MMT), which belongs
to 2:1 layered silicate. Its crystal
lattice consists of two silicate tra-
hedral sheets fusing into an octahe-
dral sheet. For the compatibiliza-
tion of MMT with organic monom-
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ers or polymers, the preparation of organic MMT is a
critical step in synthesizing polymer/clay nanocom-
posites. The studies using TEM are necessary to
understand the role of clay minerals/particles in the
reinforcing effect in the polymer based materials.
TEM Sample preparation of polymer/clay nanocom-
posites using conventional techniques of normal, ultra
and freeze drying microtomy have been difficult and
tedious and reproduction of results are impossible.
Nevertheless, the FIB technique [15], which has been
used for preparing metal and ceramic samples pro-
vides another method for preparing polymer
nanocomposite samples. This paper presents a new
approach for preparing TEM specimens of the poly-
mer nanocomposites using the FIB technique in order
to see the effect of surface treatment on dispersion of
clay in PE nanocomposite. In FIB instrument, a fine-
ly focused ion beam mills away a precise amount of
material from the sample either the sidewall or the
underlying layer exposed during the milling process.
The focused ion beam is a Ga liquid metal ion gun
(LMIG) that impacts the sample normal to the surface
and can be focused to a spot as small as 70 Å. The
focused ion beam can be raster in a user defined pat-
tern over larger areas to selectively sputter and mill
away the surface.

EXPERIMENTAL

Materials
The materials used for the compounding were Dow
503A low density polyethylene (LDPE) acquired
from Dow Chemical Co., montmorillonites (MMT)
Cloisite 20A from Southern Clays Products and
Nanomer Concentrate grade C.30PE from Nanocor
Inc., PHMS (C9H30O2Si3) was from Aldrich.

Microencapsulation
Microencapsulation of dried MMT was carried out by

premixing of 2% PHMS in clay and curing them by
vacuum oven at 110ºC for 3 h. 

Compounding
Two types of PE nanocomposite samples with 4%
concentration of clay were investigated. One contain-
ing PE organomontmorillonite clay (Southern Clay
Products Inc., Cloisite 20A treated with PHMS) and
the other with similar concentration of untreated clay.
The composites were blended in a Brabender mixer
Type M1-Series. The experimental conditions for
samples made with PE-MMT and PE-encapsulated
MMT were at 170ºC and rpm of 60 for 26 min. 

Thin Film Preparation by FIB
A small piece was cut from each sample, reduced to
thickness of about 50-100 µm by putting the film
between two glass plates on the hot stage at tempera-
ture of 170ºC and small amount of pressure on top
glass slide. The thin samples were attached on a spe-
cial molibdenum grid for FIB milling. The samples
were then milled by gallium ions (accelerated at 
30 kV) with different probe sizes using a Hitachi
2000A FIB system. To prevent the thin section from
bending, the milling areas were gradually reduced
(from about 100 µm to 200 nm in thickness). The
milling process was terminated when electron trans-
parent areas (~200 nm in thickness) were obtained. In
FIB instrument, a finely focused ion beam mills away
a precise amount of material from the sample either
the sidewall or the underlying layer exposed during
the milling process. FIB is a Ga liquid metal ion gun
(LMIG) that impacts the sample normal to the surface
and can be focused to a spot as small as 70 Å. 

Transmission Electron Microscopy
The sample was removed from FIB and mounted on
Philips CM30 TEM sample holder for observation.

MMT and encapsulated MMT were atomized on
two different copper grids which were carbon coated
in order to hold MMT particles on copper grid. 

RESULTS AND DISCUSSION

Focus Ion Beam
The conventional method for preparing TEM samples 
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Figure 1. The image of 100 micron thin film prepared on hot
stage mounted on copper grid in order to reduce thickness
by milling.

consists of mounting a sample with, e.g., an epoxy
resin at temperatures below 100ºC onto a holder,
mechanically dicing the sample using a low-speed
saw, thinning by mechanical polishing, dimpling, and
low-angle ion milling at about 3 kV. For nanometer-
scale thin film the conventional method failed. TEM
Samples must be prepared in which the dispersion can
be viewed simultaneously. However, TEM sample
preparation by FIB is costly compared to convention-
al one but there is no stress on the sample and real dis-
persion and adhesion of particle and matrix can be
studied. The thin films of 100 µm have been prepared
by two methods before they were used for further
milling by FIB. The thin films were prepared by hot
stage microscopy using two glass plates at tempera-
ture of 170ºC and a small pressure on top glass in
order to obtain a thin film, the second method consist 

Figure 2. The sample is marked for milling to the size of
nanometer in different steps.

Figure 3. The first step consists of rough milling process in
removal of front side, as reduction of thickness is not possi-
ble in one step the side is subjected to further fine milling till
desire thickness.

ed of a film blowing extruder to obtain films of 60 µm
thickness. A small size film of 1 mm was cut and
glued to special Mo grid. The Mo grids were mount-
ed on sample holder and inserted in FIB machine. The
first step in FIB milling is insertion of sample in the
FIB machine to increase the magnification in order to
mark the interested area. In Figure 2 the sample is
marked. Second stage is rough milling all sides of the
samples in order to reduce the thickness of film fur-
ther down in Figure 3. Process of fine milling starts
after rough milling for all the samples sides till we
reach a desired thickness. Figure 3 is face side of the
film which was carried by rough milling. After rough
milling the fine milling started till we obtained the
correct thickness.

Figure 4. Left and right sides of films are milled simultane-
ously and as it does not affect the final thickness in direction
of observation fine milling is not necessary.
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Figure 5. Back sides like front side are first milled roughly
than fine milled till we obtain the desired thickness.

Figure 4 shows the sides milling of film. This section
does not play a major role in investigation therefore it
is cut in order to separate the specimen from the main
body. Due to the bending of the film the milling
process is carried out on all the surfaces. Figure 5
shows the rough milling of the back side, similar to
the front of the fine milling. This should be mentioned
with pictures of thin films that are shown by the
microscope of FIB in order to check the milling
process and does not have a significant scientific
meaning as far as the size of particles is concerned.
Figure 6 shows rough milling of bottom part of sam-
ple. Figure 7 is the partial milling of the top part. If the 

Figure 6. The sample is ready for TEM investigation there-
fore it should be transfer to TEM copper grid, to remove sam-
ple from FIB machine we have to cut the bottom part first to
be connected to the main body by top part.

Figure 7. The last part of thin film is connected to the main
body by small left top corner of main film; in order to remove
from main body the right corner is welded to tungsten ele-
ment.

full milling continues the sample will fall and there-
fore a small portion of top part was left unattended till
welding was performed on sample by a tungsten plate.
Figure 8 shows that the unattended portion has been
cut off from the main body. In Figure 9 the sample is
welded to a copper grid which can be used in TEM
machine. As shown in Figure 10, the welded tungsten
plate was cut off in order to remove the sample from
FIB and inserted into TEM. As can be seen from
Figures 2 to 10 the sample was not damaged due to
beam, as there is no stress on the sample and pictures
prepared by TEM show no sign of glassy like orienta-
tion.

Figure 8. The last part in the milling process is to cut off the
top left corner in order to remove and transfer very fine
nanometer film to TEM copper grid.
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Figure 9. The nanometer scale film transferred from FIB
machine is welded to a TEM copper grid in order to cut the
tungsten plate.

Figure 10. The tungsten plate is cut and the sample is ready
for insertion in TEM.

Transmission Electron Microscopy
The sample was removed from FIB and mounted on
Philips CM30 TEM sample holder for observation.
Figures 11 and 12 show dispersion of clay on PE at
two different magnifications. As it can be seen in the
state of dispersion, there are areas which clay has been
removed from film indicating that there is less adhe-
sion on certain area. The states of dispersion also are
very good and there is no agglomeration of clay.
Figures 13 and 14 are clays which have been taken by
TEM in order to compare the shape of nanoclay alone
and in PE matrix, that the X-ray analysis has con-
firmed that dark areas are clays and the similarity in
shape and size of clays are evident. Figure 13 is an
intercalate clay without any coupling agent, the rule
of coupling agent is two fold first to change

Figure 11. The first view of clay in PE film, X-ray analysis on
the microscope confirms the existence of clay dispersed in
PE, white area shows that although there is a good disper-
sion but  a good adhesion is not obtained.

Figure 12. Untreated clay blended with PE and observed at
magnification of 50000 in TEM.
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Figure 13. TEM View of untreated MMT clays.

hydrophilic surface of clay to hydrophobic and second
improve adhesion and dispersion. In Figure 14 the
surface treated clay shows that the particles are sepa-
rated and dispersed better compared to Figure 13.  

CONCLUSION

We have been able to have a good sampling of our
specimen in order to see undamaged clay in our PE-
nanocomposite film reproducible results which have
been achieved by FIB. This milling allows us to
observe features which typically are lost during con-
ventional methods. Clays, for example, typically
occur as a mixture of individual packets that can vary
in thickness from tens of angstroms to micrometers
within the same sample. FIB has made a significant
impact over the last few years and their industrial
usage is now paralleled by the activities of a number
of academic laboratories. FIB has found widespread
use in the preparation of TEM samples, and this has
led to a diversification of the applications of TEM
itself. Application of FIB in the past has been on met-
als and other hard materials but very few literature
exist on polymer nanocomposite. We have used this
technique successfully in polymer nanocomposite
with some ways which were not possible in conven-
tional ways. 
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Figure 14. TEM View of treated MMT clays.
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