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ABSTRACT : For TEM study of biological samples or polymers
that are contained in organic structure, it is often required that the
sample is prepared by using ultramicrotome and stained with pro-
per agents to increase the contrast of organic structure. In this study,
we investigated an efficient TEM sample preparation method for
ductile heterogeneity material by using ultramicrotomy. Cryo-ultra-
microtomy is a suitable method that is capable of rendering sample
hardness for various ductile materials. However, it has severa fac-
tors to consider, such as experimental cost, working time and find-
ing the optimal staining conditions. To satisfy these considerations,
we prepared TEM sample by using ultramicrotome without cryo-
function, and secured the sample hardness by applying the staining
process prior to ultrathin sectioning. The cross-linked polyethylene
structure in the sample was stained with the 2% RuO, solutionin a
sealed test tube for 24 hours at 4°C. After the sample staining, ultra-
thin sections of sample were prepared using ultramicrotome. As a
result, it was revealed that the difficulties associated with staining
of ultrathin sections prepared by |ow-temperature conditions were
improved. In addition, appropriate staining depth of sample could
be selected for sectioning process. The quality of TEM sample
obtained by using this method was better than that of cryo-ultra-
microscopy. Finally, it is expected that our method could be effec-
tively applied in TEM sample preparation for a variety of nano-bio
convergence materials. (2 34>, A3 A, Ao}, o] A F, AXF o
A olF e Alse] e A A
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Table 1. Staining agents for various types of polymers

Polymer

Stains

Unsaturated hydrocarbons, esters, alcohols, amines
Acids, esters

Unsaturated rubber (resorcinol formaldehyde-latex)
Amides, esters, PP

Saturated hydrocarbons (PE, PP), esters, alcohols, aromatics, amines, rubber,

bisphenol A, styrene

Osmium tetroxide
(8) Hydrazine
(b) Osmium tetroxide

Ebonite
Phosphotungstic acid
Ruthenium tetroxide, Chlorosulfonic acid/urany| acetate

Esters, aromatic polyamides Silver sulfide
Acids, esters Uranyl acetate
= A7) o] glon] EWE Fo)7} a3l (Chou Semiconducting material

et al., 2002; Jeong, 2009).
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Crosslinked polyethylene (XL PE)

Fig. 1. Cross-sections of the semiconducting interface as observed in
aTEM.
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Fig. 2. TEM sample preparation for ductile heterogeneity materials. (a) shows sample cutting and trimming process for ultramicrotomy. (b) and
(c) indicate ultrathin sectioning and specimen staining in cryo-ultramicroscopy method, respectively. (d) and (e) indicate sample staining and

ultrathin sectioning in ultramicroscopy method, respectively.

Fig. 3. TEM images of specimen prepared by cryo-ultramicrotomy; (8) overall appearance of a section, (b) interface between semi-conducting
and XLPE insulating material, (c) lamellar structure in XLPE insulating material.
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Fig. 4. TEM images of specimen produced by ultramicrotomy; (a) overall appearance of a section, (b) interface between semi-conducting and
XLPE insulating material, (c) lamellar structure in XLPE insulating material.
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