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Contemporary Concepts in Specimen Preparation
By: George Blann & George Vander Voort
Traditional Methods
With a combined age of over 110 years, we qualify as “old timers”
and, as such, we feel compelled to reminisce about how things were
in the “good old days”. Thirty years or more ago when we were
young metallographers, a preparation scheme was perfected that we
now call the “traditional approach”. This approach works well, with
minor variations, depending upon the materials being prepared but
is rather slow. Basically, after sectioning and mounting (if necessary)
our specimen, it was ground through a series of finer and finer silicon
carbide (SiC) waterproof papers sometimes referred to generically
as sand paper. In most cases, the sequence was 120, 240, 320,
400, and 600 grit papers (ANSI/CAMI grit size scale; see Table 1)
using water both as a coolant/ lubricant and as a cleanser to wash
the abrasive swarf off the paper surface. If grinding was done by
hand, which was quite common at that time, one would change
the orientation of the specimen by 45° to 90° between papers.
One tried to hold the specimen perpendicular to the paper while
moving it from edge to center as the wheel rotated, usually at 150 or
300 rpm, for 1-2 minutes per paper. After the SiC paper sequence,
polishing began. In most cases, a 6μm diamond paste was used for
the first step with either canvas, nylon, or MICROCLOTH® Polishing
Cloths, along with a suitable lubricant/extender, such as METADI®
Fluid. We again tried to hold the specimen perpendicular to the cloth
surface as we rotated the specimen in a direction (clockwise) counter
to the wheel rotation (counterclockwise) for about 2 minutes. The
next step varied a bit with some people continuing polishing with
first 0.3μm alphaalumina and then with 0.05μm gamma alumina
aqueous suspensions. Others preferred to continue polishing
with 1μm diamond paste followed by 0.05μm gamma alumina.
This gave the “traditional” method, with about 8 steps, an air
of personalization, but the results were pretty much the same.
Generally, MICROCLOTH polishing cloths were most commonly used
for these steps although other cloths were used as well.
While this procedure was usually satisfactory for producing
acceptable matrix microstructures free of preparation artifacts, it
was not very good for edge preservation; that is, edges were often
rounded and out of focus when viewed with the light microscope.
Many techniques were tried and touted as cures for this problem.
Electroless nickel plating was usually the ultimate, last resort method
for edge preservation. Mounting compounds of different types
were tried, filler materials were added, and other edge supporters,
like dummy specimens and steel shot, were added to the mount to

Table 1: Grit Grade Comparison Guide
USA Grit (ANSI/CAMI)

European Grit (FEPA P)

Approx. Size (μm)

60

60

250

80

80

180

100

100

150

120

120

106

150

150

90

180

180

75

220

220

68

240

P280

52

280

P360

42

320

P400

34

400

P800

22

600

P1200

14

800

P2400

8

1000

P4000

5

enhance edge flatness. This was the “black art” of metallography,
but good edge retention was still difficult to obtain.
With the downsizing of the “smoke-stack” industries in the ‘70s
and ‘80s, metallographers became an endangered species, and the
need for automation and better approaches became apparent.
Introduction of mounting presses that automatically cooled
the mount, either a thermosetting or a thermoplastic material,
back to room temperature under pressure produced a dramatic
improvement in edge retention. Automatic polishing devices also
vastly improved edge retention. Today, it is rather easy to obtain
edges that can be photographed at 500x and above. Of course,
the nature of the specimen is also important. Harder materials are
easier to prepare with flat edges, and any material with a uniform
microstructure out to the edge is easier to prepare than one with a
softer outer surface (where edge preservation is most important!).
New Strokes for Ol’ Folks
Along with these equipment improvements have come new
consumable products that have altered the traditional approach
to metallography. In this Tech-Notes, we would like to describe
the results of some polishing experiments we have conducted
using some of these new products. Introduction of automation to
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specimen preparation has prompted development of a number of
new surfaces that can be used to remove damage due to sectioning
and achieve planarity for all of the specimens in the holder. For a
semiautomatic system, ordinary SiC paper can be used for this step.
Although its life is not great, SiC paper is still one of the best abrasive
surfaces for many materials. For a fully automatic system, such as
the VANGUARD™ Polishing System, SiC is acceptable for the planar
grinding step, but it is not an ideal solution as it must be changed
after each holder is prepared. There are a number of longer-life
surfaces that can be substituted for SiC. One such surface is the
ULTRA-PREP™ Metal-bonded or Resin-bonded diamond grinding
discs. Metal-bonded discs are available in 2.875, 8, and 12 inch
(73, 203, and 305mm, respectively) diameter sizes while the resinbonded discs are available in 8 and 12 inch diameters. The discs
consist of a high density of small spots containing diamond abrasive
of specific size within a carrier, over the disc surface. BUEHLER®
offers these discs with a wide range of diamond sizes (six sizes from
125 to 6μm for the metalbonded discs and 30, 9, and 3μm for the
resin-bonded discs) to meet the needs of many materials. Depending
upon the materials being prepared, we can utilize these discs beyond
the planar grinding step. This concept will be demonstrated using
a variety of different types of materials.
High Hardness Materials
Many metallographers work with very hard metals and ceramics;
for example, cutting tool materials and tooling alloys. We dug into
our box of goodies and found some interesting specimens of hard
materials: a chromic oxide-aluminum oxide cutting tool, a cermet
(alumina-30% TiC) cutting tool, and specimens of P/M T15, D2 and
440C steels, all fully hardened. Although the hardnesses of these
six materials do vary considerably, we put them in one holder, using
central force, and an 8-inch (203mm) ECOMET® 3/AUTOMET® 2
Semi-Automatic Polisher. Photographs were taken of the surfaces
of each specimen after each step. Table 2 lists the preparation
sequence for these hard materials.
Because these materials are very hard, we decided to try a sequence
of three ULTRA-PREP discs with mean diamond sizes of 45, 15,
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Table 2: Procedure for Very Hard Materials
Step

Surface/ Abrasive

RPM

Direction

Time

1

45mm ULTRA-PREP Disc*

300

Comp

2

2

15mm ULTRA-PREP Disc*

300

Comp

1

3

6mm ULTRA-PREP Disc*

300

Comp

1

4

1mm METADI Supreme
Diamond on TRIDENT Cloth

150

Comp

3

5

MASTERMET Colloidal Silica
on CHEMOMET Cloth

150

Comp

2

* metal-bonded disc

Comp = Complementary

and 6μm. In the first step, the specimens were ground with the
45μm diamond disc until they were planar, about 2 minutes, using
complementary (Comp) rotation (AUTOMET head rotates in the
same direction, counterclockwise, as the ECOMET base), 6 lbs. (27
N) of pressure per specimen, 300 rpmplaten speed, and water as
the coolant. The second step used the 15μm disc, while the third
step used the 6μm disc, in each case with the same parameters, but
for 1 minute. Next, we used 1μm METADI Supreme Polycrystalline
Diamond Slurry on our new TRIDENT® Polishing Cloth, a napless,
acetate woven cloth excellent for maintaining edge flatness.
Polishing was done with complementary rotation, 150 rpm, 6 lbs.
(27 N) per specimen, for 3 minutes. Final polishing was conducted
with MASTERMET® Colloidal Silica on a CHEMOMET® synthetic,
chemically-resistant polishing pad for 2 minutes using the same
parameters.
Figure 1 shows an example of these hard materials after each step
using the T15 P/M high-speed steel specimen as an example. The
edge is very well preserved as the 100x micrographs show. Figure 2a
shows a 500x etched view of the edge of this specimen which was
oxidized and decarburized to a depth of about 40μm (0.0016 inch).
Figures 2b-2e show 500x views of the edges of the other 440C
specimen (Figure 2e).
Intermediate Hardness Specimens
In this experiment, we tried preparing three specimens with a pretty
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Figure 1. Edge of T15 P/M high speed steel specimen at 100x magnification after: a) 45μm; b) 15μm; c) 6μm ULTRA-PREP™ Metalbonded
Diamond Discs; d) 1μm polycrystalline diamond on TRIDENT™ and e) colloidal silica on CHEMOMET®.
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Figure 2. Edges of ceramic and hard metal specimens polished according to Table 2 at 500x demonstrating excellent edge flatness:
a) T15 high speed steel (Q&T) etched with Vilella’s reagent; b) Alumina-30% TiC cermet; c) Chromia-alumina tool;
d) D2 tool steel (Q&T); and e) etched (Vilella’s) 440C martensitic stainless steel (Q&T).
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wide range of hardness, but lower than done previously, in the same
holder using almost the same procedure. We expected that this
would cause problems, and we were right! The specimens chosen
were an age-hardened PH13-8Mo stainless steel, an annealed
(decarburized) specimen of M2 high speed steel, and a cold-worked
alpha brass, Cu-20% Zn. While the flatness of all three specimens
was excellent, the brass specimen was pitted. Figure 3 shows
examples of each.

B

A

C

Figure 3. Edges of medium to low hardness metals prepared according
to Table 2 at 100x: a) age-hardened PH13-8Mo stainless steel, b)
annealed M2 high speed steel, and c) colddrawn alpha brass, Cu-20%
Zn (note pitting).

We re-prepared these three specimens using an alternate
contemporary four-step approach, Table 3. The 45μm ULTRA-PREP
Disc was again used to make all the specimens co-planar as before,
although this time the head was rotated in the opposite direction
of the platen (“contra” motion). Then, 9μm METADI Supreme
Polycrystalline Diamond was used on the ULTRA-PAD™ polyester
hard-woven polishing pad at 150 rpm and contra rotation for 6
minutes. Following this, 3μm METADI Supreme Diamond was used
on a TEXMET® 1000 non-woven, napless, chemotextile polishing
pad at 150 rpm, complementary rotation, for 3 minutes. The final
step was MASTERMET Colloidal Silica Suspension on a CHEMOMET
Cloth at 150 rpm, complementary rotation, for 2 minutes. Figure
4 shows the edge of the M2 and PH13-8Mo specimens at 500x
magnification. Note the decarburization on the surface of the
M2 specimen and the scale on the surface of the PH13-8 Mo
specimen. Figure 5 shows the surface of the alpha brass specimen
after each step and after etching. As can be seen, the edge was
held exceptionally well, and the structure was properly revealed
upon etching.
Soft Materials
The procedure listed in Table 3 was used to prepare some low
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Figure 4. 500x views of the edges of the a) annealed M2 (note surface
oxidation and decarburization) and b) age hardened PH13-8Mo
stainless steel (note oxide scale on the surface) after preparation
per Table 3.

hardness materials aided by vibratory polishing as the final step.
For this work, two additional copper specimens were chosen: an
annealed Cu-20% Zn alpha brass and an alpha-beta brass, Cu40% Zn (lightly cold worked). Figure 6 shows microstructures of
each of the three copper-based alloys after one-half hour on the
VIBROMET® II Polisher using MASTERMET Colloidal Silica, in the
etched condition (equal parts NH4OH and 3% H2O2). This practice
resulted in nearly perfect, publication-quality micrographs.
Table 3: Procedure for Medium to Low Hardness Materials
Step

Surface/ Abrasive

RPM

Direction

Time

1

45mm ULTRA-PREP Disc*

300

Contra

2

2

9m METADI Supreme Diamond on ULTRA-PAD
Cloth

150

Contra

6

3

3m METADI Supreme Diamond on TEXMET
1000 Cloth

150

Comp

3

4

MASTERMET Colloidal Silica on ChemoMet
Cloth

150

Comp

2

Surface/ Abrasive

RPM

Direction

Time

1

30m ULTRA-PREP Disc*

300

Contra

2

2

9m METADI Supreme Diamond on ULTRA-PAD
Cloth

150

Contra

5

3

3m METADI Supreme Diamond on TEXMET
1000 Cloth

150

Comp

3

4

MASTERMET Colloidal Silica on ChemoMet
Cloth

150

Comp

2

* metal-bonded disc

Table 4: Procedure for Aluminum Alloy Specimens
Step

* metal-bonded disc
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Figure 5. Edges of the cold-drawn Cu-20% Zn specimen prepared according to Table 3 at 100x after: a) 45μm ULTRA-PREP Metalbonded
Diamond Disc; b) 9μm polycrystalline diamond on ULTRA-PAD Cloth; c) 3μm polycrystalline diamond on TEXMET® 1000 Cloth; d) colloidal
silica on CHEMOMET® Cloth; and e) after etching revealing excellent edge retention.
Figure 6. Microstructure of copper-based alloys after
preparation per Table 3 followed by vibratory polishing
with colloidal silica: a) cold drawn Cu-20% Zn, b) cold
drawn and annealed Cu-20% Zn alpha brass, and c)
lightly drawn alpha-beta brass, Cu- 40% Zn. All etched
with ammonium hydroxide and hydrogen peroxide and
at 100x (a and b) and 200x (c).
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Three as-cast A356 aluminum specimens, two wrought aluminum
specimens, 2011-T3 and 6061-T6, and an aluminum bronze (Cu11.8% Al) specimen heat treated to form martensite were also
polished using the four-step method in Table 3.
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Figure 7. Edges of a cast A356 aluminum specimen at 100x after
preparation according to Table 4: a) 30 µm resin-bonded UltraPrep
Diamond Disc, b) 9 µm polycrystalline diamond on UltraPad Cloth, c)
3 µm polycrystalline diamond on TexMet 1000 Cloth and d) colloidal
silica on ChemoMet Cloth.

However, the 45μm metal-bonded disc was not suitable for
aluminum, which was not surprising. Consequently, we utilized a
30μm resin-bonded ULTRA-PREP Diamond Disc for planar grinding,
which is less aggressive and proved to be quite satisfactory. Table 4
lists the four-step procedure used. For steps 1 and 2, the load was
5 lbs. per specimen; while for steps 3 and 4, the load was 6 lbs.
(22 N) per specimen. Figure 7 shows the microstructure at the edge
of one of the A356 aluminum specimens after each step. A short,
30-minute vibratory polish was used to prepare the micrographs of
three of these these specimens as shown in Figure 8.

Conclusion
These experiments demonstrate that the ULTRAPREP Diamond Discs
can be effectively used as the first, planar grinding step in modern
contemporary metallographic preparation procedures. Low-nap
and napless cloths are required to insure edge flatness. ULTRA-PAD
hard-woven, napless polyester cloths are ideal for the first step after
planar grinding and are suitable for a very wide range of materials. For
finer diamond abrasives, both TEXMET 1000 and TRIDENT napless
cloths maintain flatness and provide efficient material removal
rates. CHEMOMET cloth works well with colloidal silica and other
final polishing suspensions. Edge flatness can be maintained, and
relief can be controlled easily and repeatedly. Vibratory polishing
is recommended for producing publication-quality micrographs,
especially when scratch control is very difficult. These and other
materials provide the metallographer with efficient tools for
contemporary preparation challenges.
Tech-Tips
Question: Can I use a coarser grit ULTRA-PREP Disc than you used
for planar grinding?
Answer: For hard materials, you could start with a grit size coarser
than we used, as BUEHLER has 125 and 70μm size metal-bonded
diamond abrasive ULTRA-PREP Discs available. These are of about
the same particle size as 120 and 180 grit SiC paper. We decided to
use the 45μm size as the first step to see if it could remove enough
material from the surface of the specimens in a reasonable amount
of time. It is always best to use abrasives of the finest possible size
as they produce the least amount of damage. For the resin-bonded
ULTRAPREP Discs, we used the coarsest available size, 30μm.
However, for soft metals where the resinbonded disc is preferred,
coarser abrasives are unnecessary as these metals and alloys (and
other soft materials) are easily abraded.
Question: How long can I expect these discs to last?

A

Answer: That is a difficult question to answer for several reasons.
First, if you prepare very hard materials all of the time, a given disc
will probably not last as long as when you prepare materials that are
somewhat less hard. Second, we would expect that the life might
depend upon service conditions (possible abuse) and may vary as
a function of rpm and pressure used. So, it is hard to generalize.
In our lab, we have not yet been able to do a life test due to the
long length of time required to wear a disc out. They do have very
good wear characteristics. Perhaps some of our customers with high
specimen volumes will write in and give us an estimate of the number
of holders that they can run on a given disc.

B

Question: Do you old timers prefer to stretch cloths, or do you use
PSA-backed cloths?

C

Answer: While we may be old, we are not oldfashioned! Some of
our acquaintances do stretch cloths and insist that this is the only way
to go. BUEHLER does sell a number of cloths without an adhesive
backing. However, PSA-backed cloths are preferred to non-PSA cloths
by a wide margin. If you use automatic polishing devices, it is easier to
rip a stretched cloth than a PSA cloth, especially if you use unmounted
specimens. Stretched cloths are more satisfactory when polishing is
done by hand (which we old timers do not like to do!).

Figure 8. a) Microstructure of heat-treated aluminum bronze (Cu11.8% Al) viewed in cross polarized light (200X), b) surfaces of ascast
A356 aluminum etched with aqueous 0.5% HF; and c) wrought 2011-T3
(Keller’s reagent, 500x). Micrographs a and b were final polished with
the VIBROMET II with MASTERMET for 30 minutes.

Question: Why is edge preservation improved by the use of an
automatic mounting press?
Answer: With a non-automatic, “traditional” press, the operator
would hot eject a thermosetting resin mount after the usual 5
minute hold at the molding temperature, about 149° C (300° F).
The specimen then cools back to ambient temperature (sometimes
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the metallographer water cools the specimen so that they can
prepare it sooner). During cooling, both the plastic mounting
material, such as a phenolic, and the specimen contract - but at
different rates. This difference in contraction rates (coefficient of
thermal expansion) makes the mount separate from the specimen
within, producing a gap. This gap promotes edge rounding because
there is nothing present adjacent to the edge to give support. If
cooling is accelerated, the problem is increased. Cooling the mount
under pressure back to ambient, or slightly above, prohibits this gap
from forming - which makes your life, and mine, more enjoyable!
Besides improving edge flatness, the absence of shrinkage gaps
prevents bleed-out problems
and makes cleaning and drying specimens far easier.
Question: What is the difference between metalbonded and resinbonded ULTRA-PREP Discs, especially regarding their use?
Answer: The metal bonding is done with an electrolytic nickel
plating which holds the particles firmly in place. The resin bond,
being polymeric, holds the particles much like a layer of glue. The
metalbonding is more rigid and makes the disc most suitable for
grinding harder materials. When soft metals are ground with the
metal-bonded disc, seizing may occur between the nickel plating
and certain soft metals, such as aluminum. Instead of cutting the
aluminum, seizing leads to adhesion of aluminum to the disc and
tearing of the aluminum surface. Resin bonding does not cause
seizing and prevents this problem. Resin-bonded discs can grind very
hard metals also but they will not last as long as a metal-bonded disc
and they will probably exhibit a lower removal rate. Resin-bonded
discs will produce a smoother surface finish than nickel-bonded
discs for the same particle size.
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