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A VACUUM POTTING TECHNIQUE FOR METALLOGRAPHIC SPECIMENS USING BLACK
EPOXY RESIN AND BLACK ALUMINA FILLER

Arthur E. Calabra and Delmar V. Miley

Abstract. The technique of vacuum mounting a
metallographic specimen in a mixture of black
pelletized alumina and a low-temperature curing
black epoxy resin provides the Metallography
Laboratory with a very versatile and efficient
mounting medium. The resulting product has all
the characteristics of a potting material of
extremely high quality. These desirable
characteristics include minimal mold shrinkage,
minimal reflectivity from the mount surface for
superior photomicrography, and abrasion
resistance which results in excellent specimen
edge retention.

INTRODUCTION

The demands made on the metallographer are
ever increasing in our technologically oriented
society. No longer is the metallographer’s work
devoted entirely to the evaluation of large
samples where the interest lies only in the bulk
of the material. From the fabrication streams and
tlie 1esearcli and development divisions of
industry, we are now asked to metallographically
evaluate delicate and intricately fabricated parts,
sometimes made of more than one material, and
often having small weldments. Therefore, the
selection of a mounting material which facilitates
handling and preparation is the metallographer’s
first concern. This mounting medium will
determine the efficiency and success in resolving
the edge-to-edge structural characteristics of the
sample.

There are seven basic requirements for a
metallographic-specimen mounting material to be
of high quality. These requirements are:

1. Approximately the same abrasive resistance as
the specimen to ensure edge retention.

2. Minimal mold shrinkage during and after cur-
ing.

3. Inertness to reagents.

4. Ability to harden without high temperature
and/or high pressure.

5. Minimal curing stresses.

6. Adaptability to specimen shape without dis-
torting on damaging the sample.

7. Minimal reflectivity for photomicrography.

There is no single potting material that can meet
all of the above requirements. However, the
combination of materials and the technique
described in this report does result in a specimen
mount which will meet these requirements. The
method is versatile, efficient, and effective.
Specimens which would be difficult or impossible
to prepare by other metallographic techniques are
successfully and routinely prepared by this
procedure.

TECHNIQUF,

The metallographic mounting technique to be
described consists of vacuum potting in a mixture
of black pelletized alumina marketed as
Metallogrip D(® ), and a low-temperature curing
black epoxy resin known as Maraset.(>3) The
materials and methods are described in detail.

Figure 1 shows the excellent metallographic
results which can be obtained. The specimen is a
section from a friable sheet of electron-beam
evaporated beryllium. The black alumina and
black epoxy resin minimized the surface
reflection for unaffected photomicrography. The
alumina filler maintained the specimen edges. The
ability of the mixture to cure at a low
temperature and without pressure, cure with
minimal shrinkage, and cure with negligible curing
stresses enabled this fragile sheet to be mounted
without damage and metallographically prepared.
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Figure 1. Electron-beam evaporated beryllium sheet (0.005-
in. thick, Rg=80) mounted in a mixture of black Metallo-
grip D of medium hard grade (-150 mesh) and black
Maraset, by the vacuum mounting technique. The structural
characteristics are clearly defined. 200X Polarized illumina-
tion.

MATERIALS

ALUMINA — Metallogrip D! is a black
pelletized alumina which is available in two mesh
sizes, —150 and +150 mesh (Standard Tyler). The
fine mesh is normally used for the complex-
shaped samples and those that have convolutes,
holes, and threads to be penetrated. The +150
mesh is recommended for the more
regular-shaped specimens.

There are three hardness grades — soft, medium,
and hard, in each mesh size. The grades are
matched with the hardness of the material to be
metallographically prepared. See Table I as a
general guide for matching hardness grade to
material.

Each alumina body is cup-shaped and has a rough
inner and outer surface. The epoxy resin, by
vacuum outgassing, will penetrate each body,
giving an intimate bond which will prevent the

TABLE 1 Guide for Matching Metallogrip D Hardness

Grade to Metallographic Specimen Material

HARDNESS

GRADE MATERIAL

Soft Sull, nonflerrous materials;
e.g., Ag, Al, Cu, Pb, etc.

Medinm Soft steels, most cast irons,
some nonferrous mctals and
alloys; e.g., Be, Monel
brass, bronze, etc.

Ilard Iardened steels, lard metals

and alloys.

MATERIAL
HARDNESS

Kockwell B
<50

Rockwell B
>50 <100

Rockwell C
20

Figure 2. Metallogrip D black alumina mounting filler
bodies (-150 mesh) in black Maraset. Note the “‘cup-shape”
of the bodies. Also the stacking of the bodies is very dense,
leaving only a minor surface area without an alumina body

exposed. Objectionable surface reflection is
200X Polarized illumination.

negligible.

particle from being pulled out and scratching the

sample during the grinding and polishing
operation. See Figure 2.



EPOXY RESIN — Maraset?) is a two-part
thermosetting epoxy resin possessing the most
desirable properties for this vacuum mounting
technique. The resin and hardner may be mixed
together in convenient batches and stored under
refrigeration for several weeks. The epoxy resin
will cure at approximately 65° Celsius in about
12 hours. However, before it cures, it will remain
very fluid at 65°C for over one hour. This feature
is most desirable; it allows complete vacuum
impregnation of the alumina bodies and, under
vacuum, allows the alumina-epoxy mixture to
penetrate mnto the sample contours. Also, prior Lo
curing and during the highly fluid period the
filler material will settle and stack around the
sample, forming a dense, abrasion-resistant layer.
Some of the faster-curing resins also conform well
to specimen contours, but they do not remain
sufficiently fluid for a long enough time to allow
complete settling of the filler material.

Maraset is normally a clear resin, but for this
technique, a black dye is added to achieve a
less-reflective, material. The dye is also available
from the Marblett Cor?. and comes in either a
paste or powder form. 3)

Another desirable property of Maraset is
relatively low shrinkage during curing. The
addition of the filler material further reduces the
shrinkage effect by providing countless little
surfaces to effectively ““absorb’ the shrinkage,
resulting in almost no shrinkage gap between the
sample and the mounting material. By eliminating
this annoying shrinkage gap, sample edge
retention is improved, cross-contamination by
entrapped grit particles is avoided, and staining
causcd by seepage of lubricants and etchants is
minimized.

Curing stresses associated with some epoxy resins
can be great enou(gh to cause damage in very
fragile specimens.‘®’ The low curing temperature
of Maraset (65°C) gives this resin inherently low
internal stresses during curing. The filler material
also helps to evenly distribute the curing stresses,
thereby further minimizing the possibility of
damaging a delicate specimen.

The Maraset epoxy resin is inert to standard
lubricants, and polishing and etching solutions.
However, it will soften after prolonged contact
with acetone, carbon tetrachloride, or alcohol. If
a sample must be removed from the mount, a
solvent such as Plastisolve(5) will dissolve the
resin without damage to the sample.

RFP-1813
PROCEDURE

The specimen is placed in a reusable silicone
rubber mold. These molds are available from
Buehler Ltd.6) and Scandinavian Diamond
Products'”? in 1-, 1.25- and 1.50-in. diameters
(see Figure 3). Delicate or small specimens can be
supported in these molds by paper clips, wires,
small alligator clamps, or staples. With experience
and imagination the technician will become quite
versatile in his sample supporting technique.

Figure 3. Reusable silicone rubber mold (a), and cured
mount of the Maraset-Metallogrip D mixture (b).

The alumina hardness and mesh size is then
selected to match the sample hardness and
configuration (see Figures 4 and 5). The amount
of filler material to be added will depend upon
the amount of material that must be removed
from the specimen to reveal the desired plane of
examination. The mount should have at least 1/8
in. of packed alumina filler remaining after
grinding and polishing (see Figure 3).

The required amount of Maraset and Metallogrip
D can be mixed in a paper cup. Each 1.25-in.
mold will hold approximately 20 cc of
epoxy-alumina mixture. The mixture is placed in
a vacuum oven preheated to 65°C (Figure 6) and
outgassed to ensure complete wetting of each
alumina body by the epoxy. The mixture is
removed from the vacuum oven after the heavy
froth has subsided, and then it is allowed to
stand for a few minutes. The alumina will settle
out, leaving a layer of essentially alumina-free
epoxy, and a layer of epoxy with a high
concentration of alumina. The epoxy layer is
decanted into a second cup, and the remaining
alumina-epoxy mixture is distributed to each
mold. Enough epoxy from the second cup is then
added to fill each mold approximately half full.
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Figure 4. The vacuum mounting technique has enabled the
alumina filler to penetrate to the root of the threads of a
uranium alloy (Rc=40) screw. Metallogrip D, hard grade of
-150 mesh was used as the filler. 75X Polarized illumina-
tion.

The molds are then placed in the vacuum oven
and outgassed to ensure complete contact of the
alumina-epoxy mixture with all specimen
surfaces. Normally 4 or 5 minutes of outgassing
will suffice. Outgassing should be watched and
the vacuum controlled to prevent the mixture
from bubbling over the top ot the mold. After
this outgassing is complete, the molds are filled
with epoxy from the second cup and placed in
the oven to cure. It is advisable not to cure under
vacuum so that the alumina particles can settle
and efficiently stack.

Approximately 12 hours is required to fully cure
the mounts. It is therefore advisable to prepare
the mounts near the end of the shift and allow
them to cure overnight. They will then be ready
for metallographic preparation the following
morning.

Grinding and polishing of the mounted sample
does require additional preparation time. The
abrasion resistance of the mount is now similar to
that of the specimen, therefore the entire mount
surface, in effect, is being ground and polished.
Grinding papers should be changed frequently to
minimize the introduction of an abnormal depth
of flowed metal on the specimen.(®) Also,
excessive ultrasonic cleaning should be
avoided.(®)

4

Figure 5. Transverse section of a Monel tube prepared using
the described mounting tcchnique. Alloy 400 Monel tubing,
0.092-in. o.d. hy 0.050-in. i.d., Rg=75 (approx.), -150
mesh, medium hard Metallogrip D. The center of the tube is
completely filled allowing excellent edge-to-edge retention.
The grain structure is sharp and is not washed out by
scattered light from a highly reflective mount surface. 75X
Polarized illumination.

Figure 6. Vacuum oven (a) connected to a small mechanical
vacuum pump (b). Temperature is maintained at 65°C.
Inside of oven measures 8 by 8 by 12 inches. A hood (c)
draws off the small amount of vapors that are present when
the oven door is opened.



, DISCUSSION

The metallographic mounting technique described
in this report is somewhat more time consuming
than other techniques, both for the preparation
of the mount and for the subsequent grinding
and polishing operations. However, the extra
effort required is justified by the high quality
metallography that can be obtained. It should
also be pointed out that this (or any other)
metallographic technique is not “fool proof™.
Care must always be taken to follow good,
standard metallographic practice in regard to
sample handling, cleanliness, abrasive selection,
and lubrication.

The advantages of the vacuum potting technique
using black alumina and epoxy can be
demonstrated with several comparative
photomicrographs. Figures 1 and 7 show sections
of a sheet of electron beam evaporated beryllium
approximately 0.005-in. thick. The sample in
Figure 1 was mounted using the technique

Figure 7. The same beryllium sheet as shown in Figure |,
but mounted by a method described in References 10 and
11. The highly reflective mount surface has “washed-out”
the structural characteristics of the sample. 200X Polarized
illumination.
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described in this report, and the sample in Figure
7 was mounted by a similar, but less effective
technique previously reported.(1°:11) In Figure
1, the beryllium structure is revealed in sharp,
clear detail, and the specimen edges are keen and
distinct.

By contrast, the structure shown in Figure 7
appears “washed out” because of the high
reflectivity of the mount material. It appears that
edge retention is satisfactory on this specimen,
but because of the high reflection, edge detail is
not clearly revealed.

A similar pair of specimens is shown in Figure 8a
and 8b. These are from another, thinner sheet of
electron beam evaporated beryllium, but in this
case there is also a 0.0003-in. reaction layer of
the beryllium and copper substrate. The previous
comparisons are again evident, but note also that
in Figure 8a the substrate is distinctly revealed,
and in Figure 8b the substrate is completely lost.

Figures 9a and 9b show the ability of the black
alumina-epoxy mounting media to conform to an
irregular specimen shape, and to retain the edge
for critical examination. These two samples are
the fractured ends of beryllium tensile specimens.
In Figure 9a, note how the alumina particles are
in intimate contact with the irregular fracture
surface, and how the sample edge is retained.
Also, the negligible light reflection from the black
mount surface resulted in a high quality
photomicrograph.

The sample shown in Figure 9b was mounted
with white alumina and clear epoxy.(!®'11) The
sample edge is retained, but because of the very
high reflectivity of the mount, observation of the
edge is obscured. Even though this sample is well
prepared, much of the contrast between grains is
lost because of scattered light from the mount
material.

Another example of edge retention on an
irregularly shaped specimen is presented in Figure
10. This photomicrograph shows the fractured
end of a stainless steel micro tensile specimen.



RFP-1813

Figure 8. Electron-beam evaporated beryllium sheet (0.003-
in. thick — Rg=80 having a 0.0003-in. reaction layer of
the beryllium and copper substrate). Figure 8a was mount-
ed by the described technique using +150 mesh, medium
hard Metallogrip D. Note complete edge retention and the
excellent resolution of the beryllium structure. The struc-
ture of the substrate ( —» ) is not resolved by the polarized
illumination; however, it is observable and can be measured.
Figure 8b is a phiolomicrograph of the same beryllium sheet
mounted in a reflective mount material as described in
References 10 and 11. 200X Polarized illumination.
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Figure 9. Fractured ends of beryllium tensile specimens
mounted by the Maraset-Metallogrip D technique, shown in
9a, and mounted by a previous technique'o" b shown
in 9b. The filler material in 9a is -150 mesh, medium hard
Mectallogrip D. Edge retention is excellent, and the structure
is well defined. In 9b, edge retention is satisfactory, but
scattered light from the highly reflective mount material
obscures the edge and ‘“‘washes-out” the grain structure.
200X Polarized illumination.



Figure 10. Edge of a ruptured microtensile bar of type

21C; - 6Ni - 9Mn stainless steel. 200X Differential

Interference Contrast.

CONCLUSIONS

A mixture of black Maraset and Metallogrip D,
used in a vacuum mounting technique, fulfills all
the criteria of a metallographic mounting medium
of very high quality.

The nonreflective surface of the mount material
results in photomicrographs of high quality,
especially when using polarized illumination.

This technique allows the mount material to be
customized to the specimen.

Specimens that were impossible or extremely
difficult to mount are now routinely
metallographically prepared.
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