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Evaluation de queiques techniques pour Id production de

repliques destinees aux appiT..ations, en science des_

materiaux, de la microscopie electronique de balayage

par

G.J.C. Carpenter et J. Baird

Res mi'?

Plusieurs techniques de production de repliques positives destinees
aux applications en science dss materiaux ont f a i t Tobjet d'une evaluation
cr i t ique:

1) Des repliques uniformes a haute resolution peuvent etre produites
par 1'evaporation sous vide d'un f i lm en or sur une repiique
negative "Bioden" (acetate de cellulose) en renforgant le f i lm
avec du cuivre depose electrolytiquement et en dissolvant le
"Bioden".

2) Des repliques negatives faci les a detacher et a manipuler peuvent
etre realisees en u t i l i san t un compose de caoutchouc aux sil icones
"Silastic1 ' RTV "A" mais ces rephques ont une resolution extremement
variable.

3) Une resine epoxyde, "Ren", a donne une bonne resolution mais e l le
ne peut pas etre facilement enlevee d'une surface de specimen:
e l le ne convient done que pour le stade f ina l (pos i t i f ) de la
production des repliques.

On suggere quelques techniques possibles pour obtenir une resolution
plus uniforme a par t i r de caoutchoucs synthetiques "S i las t ic " RTV.
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AW EVALUATION OF SOME REPLICATION TECHNIQUES FOR

MATERIALS SCIENCE APPLICATIONS OF SCANNING ELECTRON MICROSCOPY

G.J.C. Ccuipentc-i and J. Bcund

ABSTRACT

Several techniques for producing positive replicas for
materials science applications have been critically examined:

1) Consistent high resolution replicas can be produced by
vacuum evaporation of a gold film onto a "Bioden"
(cellulose acetate) negative replica, backing the film
with electroplated copper and dissolving the "Bioden".

2) Negative replicas that are easy to strip and handle may
be made using a silicone rubber compound, "Silastic"
RTV "A" but with highly variable resolution.

3) An epoxy resin, "Ren", gave good resolution but could not
easily be stripped from a specimen surface: it is therefore
only suitable for the final (positive) stage of replication.

Some possible techniques for obtaining more consistent
resolution from "Silastic" RTV synthetic rubbers are suggested.
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INTRODUCTION

Although it is normally desirable to examine a specimen
directly in the scanning electron microscope (SEM) it is not. always
possible to do so and replication techniques must be used. Typical
examples in materials science are radioactive materials and large
structures which must be examined non-destructively. Most of the
techniques available have been reviewed by Pfefferkorn and Boyde.1

In general, the following requirements must be fulfilled:
(a) a positive replica is required, (b) the resolution must be adequate
and (c) the first-stage (negative) replica must strip easily without
causing damage to the specimen. In some cases, it may be sufficient
to examine the negative replica directly, without recourse to a second-
stage positive process. More generally, the negative is not adequate:
a familiar example is a metallurgical ductile fracture where the
essential cusped character of the surface is not obvious from the
negative replica (Figure 1).

The resolution needed depends en the specific application but
usually a resolution approaching that of the microscope is desirable.
Ease of stripping is particularly important when replicas have to be
made remotely (as with radioactive materials) or when the original
specimen is fragile or brittle. Using these criteria, we have evaluated
several replicating media for materials science applications with
particular emphasis on the examination of radioactive specimens.

EXPERIMENTAL TECHNIQUES

The following specimens were used to assess the replication
techniques: (a) fractured zirconium, exhibiting a fine ductile rupture
surface, (b) polished and etched Zr-2.5 wt% Nb, showing fine-scale
structural features in relief, (c) fractured silicon, on which fine-
scale cleavage steps could be seen, (d) fractured bismuth, which had
a particularly rough, faceted surface, (e) a flat, polished metal
surface containing fine indentations and scratches made with a pyramidal
diamond and (f) a metallographically polished sample of dezincified
brass which contained internal voids.



The replicating media used in this study were as follows:
(a) cellulose acetate film, "Bioden"*, (b) a silicone rubber compound,
"Silastic" R.T.V. type "A"**, (c) epoxy plastic compounds, "Ren"t and
"Hysol"'1, (d) air-hardening silicone rubber "Silastic" R.T.V. Type
"732"** and (e) a thin evaporated gold film with a thick backing to
provide the necessary strength for handling.

To use the cellulose acetate film, a drop of methyl acetate
was placed on the specimen surface and the film was immediately placed on
top. The film quickly softened and was drawn by surface tension into
contact with the specimen. When completely dry and hard, the replica
normally stripped easily from the sample. The epoxy plastic compounds
and the Silastic silicone rubber medium set by polymerisation after
the addition of a hardener. The thin gold replica was made by vacuum
evaporation from a molten bead. It was supported by a backing layer
of either epoxy plastic2 or by electroplating with copper from an
aqueous solution of cupri'c sulphate (220 g/£) and sulphuric acid
(30 ml/2.) at a current density of 100 mA/cm2. The non-conducting
positive replicas were coated with a thin geld film to prevent charging
during observation in the SEM.

RESULTS

The highest resolution was obtained consistently using cellulose
acetate (Bioden) for the first stage and an evaporated gold film for
the second stage (Figure 2). The fine-scale detail was reproduced
sufficiently well that it was often difficult to distinguish the replica
from the original specimen in the resulting micrographs.

Originally, an epoxy resin was used to support the gold film;2

however, further experience has shown that there was sometimes a tendency
for epoxy compounds to be softened by the methyl acetate used to dissolve
the Bioden negative. We have therefore adopted an electroplated copper
backing which also has the advantage of being conductive, eliminating
any possibility of charging problems.

The complete procedure is illustrated in Figure 3. After
obtaining a bioden negative (Figure 3a) it proved advantageous to
attach the replica firmly to a glass cover slip using two short
strips of adhesive metallic copper tape before coating with gold
(Figure 3b). This facilitated easy handling, provided an electrical
contact for electropolishing, and prevented the thin film from curling
in the plating bath. An aluminum strip holder/mask (Figure 3c)

* Ernest F. Fulham Inc., Schenectady, N.Y. , U.S.A.
** Uow Corning Corporation, Midland, Mich., U.S.A.
t Ren Plastics, Inc., Lansing, Mich., U.S.A.
H Hys of Canada Limited, Don Mills, Ont., Canada.



served to hold the glass slip and replica mechanically during vacuum
deposition of gold (Figure 3d) and provided a mask to limit the copper
to the replica during electroplating (Figure 3e). The replica was
positioned such that the evaporated film overlapped the copper strip
to complete the electrical circuit. During evaporation the replica was
rotated on a uniform coating device.* The necessity of thoroughly dissolving
the "Bioden" film in the final stage must be emphasized. This was
facilitated by warming methyl acetate solvent in a water-bath and
subsequently cleaning the replica several times in fresh solvent
(Figure 3f). Clearly, any convenient metal that plates easily can
be used to produce a sturdily backed replica (Figure 3g).

The excellent replication by the "Bioden" film was shown
by its ability to conform accurately to intrusions and to strip
without tearing. An example is shown in Figure 4, where fine scale
steps on the surface of an internal void have been revealed in a
negative replica. In this case, it was more convenient to examine
the direct replica rather than use it to make a second stage positive.

"Bioden" film 100 urn thick proved to be the optimum thickness
for metallurgical applications. Thinner films were more difficult to
handle, while extra care was needed with thick film to soften it enough
to conform macroscopically to the specimen surface.

The "Bioden" film was less effective for replicating very
rough surfaces such as the fractured polycrystalline bismuth specimen
(Figure 5a), since it did not conform well to the macroscopic surface
undulations. Also, stripping was very difficult and the bismuth was
sufficiently weak and brittle that small pieces were often torn off by
the replica.

Attempts to use the two epoxy compounds for the first stage
of replication were unsuccessful since they bonded strongly to the
surfaces of all the specimens. Air hardening silicone rubber was
also difficult to use for the same reason. However, experiments showed
that the "Ren" epoxy resin could be used to give second stage positive
replicas with good resolution when used with a negative replica to
which it did not adhere, such as "Silastic" RTV "A" silicone rubber.
Some self-structure was sometimes apparent in "Ren" replicas, in the
form of a slightly mottled background. However, it did not normally
influence the interpretation of the structures examined.

"Hysol" plastic was "less satisfactory as degradation of the
surface occurred in the electron beam. Presumably, this could be
overcome by coating the surface with a thicker conductive film, but
only with the penalty of some loss of resolution.

•Materials Science (Northwest) Ltd., Lanes., England.



The "Silastic" RTV "A" compound, which solidifies to a
rubbery polymer on addition of a hardener, yielded variable results.
In general, it was most useful when very rough surfaces had to be
replicated and very high resolution was of secondary importance.
An example is shown in Figure 5b; although the bismuth specimen was
weak and brittle, the "Silastic" replica stripped easily without
damaging the specimen.

In a few cases, excellent resolution was achieved (Figure 6a),
but in general there was a significant loss of detail as shown in
Figure 6b. It was confirmed that this was a feature of "Silastic"
rather than the final stage "Ren" epoxy plastic by examining the
"Silastic" replicas directly and also "by making copper-backed gold
replicas from the "Silastic" negatives.

An extreme case was observed where loss of resolution could
be detected even at the low magnifications characteristic of optical
microscopy (Figure 7).

The ease of stripping and handling "Silastic" replicas makes
them, nevertheless, very attractive for examination of rough surfaces,
particularly when high resolution is not essentail. Ease of stripping
is also a significant advantage when replicas of radioactive materials
have to be obtained using remote handling equipment. We have devised
a technique to improve the resolution and eliminate entrained air
(which sometimes produces bubbles) by casting under vacuum. The
apparatus used was quite simple, as illustrated in Figure 8. A
polythene tube containing the "Silastic" compound, with the hardener
added, was evacuated using a rotary pump to eliminate entrained gas
or vapour. The specimen was initially held at the other end of the
tube, cemented on a metal disc by means of low vapour n^essure epoxy
resin. When no more gas escaped from the liquid, ube was
inverted to allow it to flow over the specimen. Finally, air was
admitted so that the "Silastic" solidified under atmospheric pressure.
An identical procedure was then used to produce a positive replica in
"Ren" epoxy resin from the "Silastic" negative.

An example of the application of this technique to a real
fracture in irradiated Zr-2.5 wt% Nb is shown in Figure 9. The sample,
photographed directly in a hot cell (Figure 9a) had an activity (3+Y)
of 200 R/h at 50 mm. No adverse effects due to radiation were noted
in the catalysis of the "Silastic" negative and negligible activity
was removed during stripping. The positive reolica was made using "Ren"
epoxy coated with a thin gold film for electrical conduction. The low
magnification composite, obtained in the SEM (Figure 9b), shows all the
important features of the original specimen,and details visible at a
higher magnification are reproduced in Figure 9c.



V1SCUSS10S1

While the vacuum casting technique outlined above improves
the reliability of the "Silastic" replication process, the high
resolution illustrated in Figure 6a cannot be reproduced consistently.
A possible reason is that the viscous nature of the silicone compound
prevents it from flowing into fine-scale crevices. However, this
cannot be the main factor, since reducing the viscosity by heating
or adding solvent did not yield any significant improvement in resolution.
Some other possible reasons that are worthy of investigation are:
(a) the surface tension of the liquid is high, resulting in inadequate
wetting and lack of penetration of fine crevices, and (b) the solidified
Silastic is mechanically weak so that fine protrusions are broken off
during stripping. The first could perhaps be overcome by placing a
drop of a solvent with low surface tension (acetone, ether, etc.) on
the specimen surface immediately before pouring the liquid Silastic.
The second may respond to the use of Silicone rubber compounds, with
lower viscosity and/or higher tensile strength.

Another feature of the replication process that may warrant
further investigation is the vacuum evaporation technique for coating
specimens with a conductive film. It is inevitable that the replica
surface will be heated by such a procedure and this could result in
fine-scale features being rounded off under the influence of surface
tension forces. Radiant heating may be reduced by (a) increasing the
distance between the specimen and the molten bead, (b) insertion of a
heat shielding mask between the source and the specimen or (c) evaporating
the metal at a lower temperature. All of these procedures result in a
lower surface temperature by allowing more time for the absorbed heat
to be removed by conduction. Attaching the replica to a cold copper block
would also help if the replica were sufficiently thin that the heat was
conducted to the back surface during the time of evaporation.

The "Bioden" film appeared to be unaffected by any heating
that would have occurred during vacuum deposition under normal conditions.
The high resolution of the gold replicas made from "Bioden" negatives
was due primarily to the excellent replication behaviour of the "Bioden"
film. In addition, the final gold positive corresponds more directly
to the specimen surface than the normal second stage replicas onto which
a conducting film must be deposited. This is because surface undulations
of size similar to the film thickness tended to be "filled in" since it
was unlikely that the film could be deposited on an undulating surface
with complete uniformity.



CONCLUSIONS

1. Posi t ive repl icas having excel lent resolut ion have been
prepared cons is tent ly in the form of copper-backed gold
f i lms made from cel lu lose acetate (Bioden) negative
rep l i cas . The technique was less convenient to use wi th
macroscopically rough surfaces.

2. Variable resul ts were obtained using a polymerizing
s i l i cone rubber compound " S i l a s t i c " R.T.V. "A". A vacuum
casting technique has been devised to optimize the
resolut ion but fur ther work is necessary to obtain
consistent repl icas wi th high reso lu t ion .

3. Epoxy res in compounds ("Ren" and "Hysol") and air-hardening
s i l i cone rubber were unsat is factory fo r making f i r s t - s t a g e
repl icas as they adhered strongly to the specimens.

4. "Ren" epoxy was sui tab le f o r making a second-stage,
pos i t i ve rep l ica wi th good reso lu t ion from negatives to
which i t d id not adhere, such as " S i l a s t i c " RTV "A".
"Hysol" was adversely affected by the electron beam
when coated wi th only a th in conductive f i l m ; th i s could
be overcome by using a th icker f i l m , but only at the expense
of resolution.
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SPECIMEN NEGATIVE REPLICA

FIGURE 1. SCHEMATIC CROSS SECTION OF A DUCTILE FRACTURE SURFACE, ILLUSTRATING A
DISADVANTAGE OF USING A NEGATIVE REPLICA.
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FIGURE 2. SCANNING ELECTRON MICROGRAPHS OF SPECIMENS AND COPPER-BACKED GOLD REPLICAS
MADE FROM "BIODEN" NEGATIVE RLPLICAS:
(a) DUCTILE FRACTURE SURFACE OF ZIRCONIUM, (b) REPLICA,
(c) SCRATCH ON FRACTURE SURFACE, (d) REPLICA OF SCRATCH,
(e) ETCHED Zr-2.5 wt% "b, (f) REPLICA OF (e).



BIODEN FILM

BIODEN
REPLICA

ADHESIVE
Cu STRIP

SPECIMEN

GLASS SLIP
ALUMINUM
HOLDER/MASK

(a) (b) [c)

COLD

METHYL ACETATE

GOLD REPLICA
REPLICA COPPER A

COPPER SUPPORT

(g)

FIGURE 3.

(f) (e) (d)

PREPARATION OF COPPER-BACKED GOLD REPLICAS FROM "BIODEN" NEGATIVES: (a) MAKING THE NEGATIVE, WHICH
IS (b) ATTACHED TO A GLASS COVER SLIP, (c) ALUMINUM HOLDER AND MASK, (d) VACUUM DEPOSITION OF GOLD
FILM, (e) COPPER PLATING TO SUPPORT THE GOLD FILM, (f) DISSOLUTION OF "BIODEN" IN METHYL ACETATE AND
(g) FINAL POSITIVE.



FIGURE 4. NEGATIVE "BIODEN" REPLICA OF VOIDS IN DEZINCIFIED
BRASS.



FIGURE 5. FRACTURED BISMUTH: (a) ORIGINAL SPECIMEN, (b) REPLICA
IN "REN" EPOXY RESIN MADE FROM A "SILASTIC A" NEGATIVE.



FIGURE 6. REPLICAS OF DUCTILE FRACTURE IN "REN" EPOXY RESIN, MADE
FROM "SILASTIC A" NEGATIVES, (a) GOOD RESOLUTION, (b) A
DIFFERENT REPLICA SHOWING PRONOUNCED ROUNDING OF THE
SHARP SURFACE CUSPS.
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Test specimen showing regions of
interest:

1) indent marker shows details of
the wa i1 facets

2) fine scratches

3) surface topography

Silastic "A" first stage, negative
replica shows loss of fine detail in
all regions indicated above. The image
is inverted.

•-;>•

Silastic "A" second stage, positive
replica shows further loss of fine
detail in the same regions. The image
is reinverted.

FIGURE 7. COMPARISON OF OPTICAL MICROGRAPHS FROM (a) A TEST SPECIMEN WITH (b) NEGATIVE
AND (c) POSITIVE REPLICAS OF THE SAME.



SPECIMEN
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FIGURE 3. ILLUSTRATING THE STEPS INVOLVED IN MAKING VACUUM CAST
"SILASTIC" AND EPOXY RESIN REPLICAS.



FIGURE 9. A FRACTURE SURFACE OF IRRADIATED Zr-2.5 WT% Nb: (a) OPTICAL
MICROGRAPH, (b) "REN" REPLICA FROM A "SILASTIC" NEGATIVE, AND
(c) MICROGRAPHS AT HIGHER MAGNIFICATION OF THE AREAS INDICATED
IN (b).
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