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PLANARMET™ AL Paper for Rough Grinding
By: George Vander Voort Gabriel M. Lucas
Alternatives to SiC Paper
For many years, metallographers have relied primarily upon silicon
carbide (SiC) paper to grind specimens prior to polishing. Although
silicon carbide papers do a fine job, they have a rather limited life,
60-120 seconds, when grinding several specimens simultaneously
in a holder. Emery paper, with a smoother, lower hardness abrasive
(a mixture of iron oxide and aluminum oxide), is used infrequently
today because its cutting rate is lower than that of silicon carbide.
Traditional metal-bonded diamond discs work very well, but only for
very hard metals, carbides and ceramics. Newer design metaland
resin-bonded diamond discs, such as our ULTRA-PREP™ Diamond
Discs (see Tech-Notes, Volume 1, Issue 8), have a greater range
of applicability, and long life, but the initial purchase price is high
(although the overall cost per specimen prepared is quite competitive
with SiC paper). Stone grinding wheels have been utilized for
the initial rough grinding (“planar” grinding) step, but they must
be rotated at high speeds, which requires a separate, expensive
machine. They are not practical for manual preparation. While they
can achieve high removal rates, the damage depth is substantial.
Further, stones are expensive, they must be trued between grinds
using a diamond tool, and substantial debris is generated along
with odor. Consequently, we have been searching for other, more
practical alternatives to SiC, especially for rough grinding.

used occasionally by metallographers for many years but they
have never been readily available in quantity. Aluminum oxide is
not quite as hard as silicon carbide but it is tougher. Recently, we
tested a waterproof aluminum oxide paper where the abrasive
was manufactured by a new proprietary process. Additionally, the
abrasive is firmly attached to a heavy paper backing to enhance
cutting rate and cutting life. This new paper, which we are calling
PLANARMET™ AL Grinding Paper, has been found to substantially
outperform silicon carbide paper when comparing similar abrasive
particle sizes.

Fig. 2a

Fig. 2b
(From top to bottom) Figure 2. Side views of the 120-grit
a) PLANARMET AL and b) CARBIMET SiC papers at 50x.

Figure 1 shows scanning electron microscope (SEM) views of the
surfaces of 120 grit size PLANARMET AL and CARBIMET® Silicon
Carbide paper. We can see portions of the abrasive particles not
completely covered by the bond coat adhesive. More informative is
a side view of the abrasive papers, as shown in Figure 2. This shows
the supporting paper, the abrasive, and the bond coat adhesive.
The thickness of the bond coat influences both cutting rate and
paper life. Thick bond coats give lower cutting rates but longer life
while thinner bond coats enhance cutting rate at the expense of life.

Fig. 1a

Fig. 1b
(From top to bottom) Figure 1. SEM views of the surfaces
of 120-grit a) PLANARMET AL and b) CARBIMET SiC paper
both at 50x.

PLANARMET AL Aluminum Oxide Grinding Paper
Waterproof aluminum oxide (alumina) abrasive papers have been

But, the ultimate test is the use of the paper in a controlled
experiment. Consequently, three unmounted 1in. (25mm) diameter
specimens of steel at two different hardnesses were ground
simultaneously (in two separate experiments) with each paper (120
grit size), using individual force, complementary rotation (base and
head rotating in the same direction), for two minute periods. The
weight of each specimen was measured before the tests began and
after each two-minute interval. Figure 3 shows the results of
testing for 16 minutes using AISI/SAE 4340 alloy steel hardened
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(Left to right) Figure 5. A holder containing three 1½” (38 mm) diameter 1045 carbon steel unmounted specimens after preparation. Figure
6. Tempered martensitic microstructure of type A2 tool steel (60 HRC) at 1000x. Figure 7. Tempered martensitic microstructure of 4340 alloy
steel (50 HRC) at 1000x.
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Fig. 9
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(Left to right) Figure 8. Tempered martensitic microstructure of 4340 alloy steel (40 HRC) at 1000x. Figure 9. Microstructure of as-rolled 1045
carbon steel containing intergranular and Widmanstätten ferrite, pearlite and bainite at 1000x. Figure 10. Ferrite-pearlite microstructure of
1018 carbon steel at 1000x.

and tempered to 50 HRC and Figure 4 shows the results of testing
for 12 minutes using as-rolled AISI/ SAE 1045 carbon steel at 20-25
HRC. In both cases, the PLANARMET AL Grinding Paper is removing
substantial metal at the end of the test while the silicon carbide
removes little metal after the first two minutes. Further, PLANARMET
AL Grinding Paper removed much more metal in each of the first
several two-minute intervals than silicon carbide did in its first twominute interval. The results clearly show that silicon carbide paper
is only good for two minutes. If one-minute intervals were used for
the SiC paper test, we would probably notice that most of the metal
was removed during the first minute and little in the second minute.
However, the results clearly show that PLANARMET AL Grinding
Paper outperforms silicon carbide paper substantially, both in
removal rate and life.
VANGUARD Preparation Experiments
A longer-life, more aggressive grinding paper can be used by any
metallographer, for manual preparation, or with semiautomatic or
fully automatic machines. From a convenience standpoint, a longerlife paper would be an attractive product for a fully automatic system
since changing papers would occur less frequently. Consequently,
preparation experiments were conducted using the VANGUARD®
Automatic Preparation System, which has six platens stacked on the
left side of the machine. PLANARMET AL Grinding Paper was placed
on the bottom platen in the stack. The machine was programmed
to grind for two minutes and stop so that we could examine the
uniformity of grinding. If more time was required, an extra two
minutes was used; if the grinding was satisfactory, we went to the
next step. The preparation procedure is given in Table 1.
This procedure was used to prepare seven holders of specimens,
all unmounted, such as the one shown in Figure 5. Holder one
contained six 1in (25mm) diameter specimens of A2 tool steel
quenched and tempered to 60 HRC. Holder two contained three
specimens of 1in. (25mm) diameter 4340 alloy steel at 50 HRC and
three specimens of 1in. (25mm) diameter 4340 alloy steel at 40 HRC
(alternated in the holder to maintain balance). Holder three
contained four 1in. (25mm) square specimens of AISI/SAE 1018
carbon steel. Holder four contained three 1½in. (38mm) diameter
specimens of 1045 carbon steel at 20-25 HRC. Holder five contained

Table 1. Preparation Procedures
Surface/ Abrasive

Time
(mins)

Direction

1

PLANARMET AL

Until Planar

Comp.

2

ULTRA-PAD Cloth, 15 μm METADI SUPREME®
Polycrystalline Diamond

5

Comp.

3

ULTRA-PAD Cloth 9 μm METADI SUPREME Polycrystalline Diamond

2.5

Comp.

4

TEXTMET 1000 Pad, 3μm METADI SUPREME
Polycrystalline Diamond

2

Comp.

5

TRIDENT Cloth, 1μm METADI SUPREME
Polycrystalline Diamond

2

Contra

6

MICROCLOTH Pad, 0.05μm MASTERPREP Slurry

2

Contra

Step

Platen 120 rpm, holder 60 rpm,
36 lbs. (160 N) force, except as noted in text
Comp = Platen and holder rotating in same direction
Contra = Platen and holder rotating in opposite directions

four 1¼in. diameter specimens of leaded cartridge brass (Cu-30%
Zn). For the fifth holder, steps five and six were conducted at 3 lbs/
specimen load. The last two holders contained three specimens each
of 1½in. diameter wrought 6061 aluminum. Only one sheet
of PLANARMET AL Grinding Paper was used to prepare these
specimens and several of the holders required more than one twominute grind to get the specimens flat; e.g., for the 1½in. diameter
1045 specimens, three two-minute intervals were required to get
the surfaces planar and ground uniformly. Planar grinding time is
a function of the flatness and roughness of the cut surface, how
perpendicular the cut surfaces are to the sides, and how carefully
they are placed in the holder (avoid cocking of the specimen when
tightening the set screws).
Preparation Examples
Figure 6 shows the microstructure of the A2 tool steel at 1000x
magnification after etching with 5% nital. Note the prior-austenite
grain boundaries were revealed because the tempering temperature
was quite low to obtain full hardness. A small amount of undissolved
alloy carbide is present in the martensitic matrix. Figures 7 and 8
show 1000x views of the tempered martensitic matrix of the 4340
specimens tempered to 50 and 40 HRC, respectively, after etching
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(Left to right) Figure 3. Weight change from grinding 50 HRC hardened 4340 alloy steel in 2 minute intervals. Figure 4. Weight change
from grinding 20-25 HRC 1045 carbon steel in 2 minute intervals.

with 2% nital. In this case, all of the carbide was dissolved during
austenitization to obtain full hardness. Comparing the two images,
we can see how the higher tempering temperature used to obtain
40 HRC resulted in greater tempering of the martensite, compared
to the 50 HRC specimen. Figure 9 shows the microstructure of the
as-rolled, 1½in. diameter 1045 carbon steel specimen at 1000x
magnification after etching with 2% nital. Both intergranular and
Widmanstätten (acicular) ferrite are present, along with very fine
unresolvable lamellar pearlite and bainite. These two constituents are
so fine at 1000x that SEM or TEM examination would be required to
see the cementite and ferrite. The appearance of these constituents
changed going from surface to center. This view was from near the
mid-thickness point. Figure 10 shows the microstructure, at 1000x
magnification, of the 1018 carbon steel specimen after etching with
2% nital. The matrix is ferrite and ferrite grain boundaries can be
observed. Patches of lamellar pearlite are present and some colonies
within these grains are coarse enough to see individual lamellae,
but this is the exception rather than the rule. At this magnification,
the interlamellar spacing must be about 400nm (0.4μm) for it
to be resolved with the light microscope (or any microscope at
1000x). Figure 11 shows the microstructure of the cartridge brass
specimen which contains alpha grains, annealing twins and inclusion
precipitates. Figure 12 shows a 1000x view of the intermetallic
precipitates in wrought 6061 aluminum etched with Keller’s reagent.

steps (a contemporary preparation approach as described in TechNotes Volume 1, Issue 8) to prepare them to a sufficient quality to
permit examination and photomicroscopy of the true structure at
magnifications as high as 1000x. For routine examination, where
scratch control is not as rigorous, a shorter preparation procedure
could be used.
ECOMET® /AUTOMET® Experiments
Two weeks later, a second preparation experiment was conducted
with PLANARMET AL Grinding Paper, this time using mostly mounted
specimens and the ECOMET ® 3/AUTOMET ®2 Semiautomatic
Preparation System. Again, only a single sheet of 120-grit
PLANARMET AL Grinding Paper was used. For this experiment, the
three unmounted 1½in. (38mm) diameter AISI/SAE 1045 carbon
steel specimens were re-prepared (it still took three two-minute
grinding intervals to get these specimens coplanar). In addition,
four other holders were prepared, all with 1¼in. (31.8mm) diameter
mounted specimens (a variety of mounting compounds). Holder
two contained two cast iron specimens and four copper-based

Fig. 11

Fig. 12
Top to bottom) Figure 11. Microstructure of leaded
brass at 200x. Figure 12. Intermetallic particles in 6061
aluminum at 1000x.

These results were very encouraging. We were able to use a
single sheet of PLANARMET AL Grinding Paper to grind 30 large,
unmounted specimens in seven holders and then use five additional

Figure 13. a) Prior-austenite grain boundaries nearly
completely decorated by ferrite (200x); and b) ferrite,
pearlite and bainite (1000x) in the 1045 carbon steel
specimen.

specimens. Holder three contained two zinc and four aluminum
specimens. Holder four contained six copper-based specimens and
holder five contained six cast iron specimens. The polishing
procedure was essentially the same as used with the VANGUARD
system, with minor differences. Grinding was conducted at 240
rpm, while subsequent steps were performed at 150 rpm. The
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Fig. 14a

Fig. 14b

Fig. 15a

Fig. 15b

(Left to right) Figure 14. Undercooled graphite in a hypoeutectic gray iron in the a) unetched and b) etched conditions (200x). Figure 15. Coarse
flake graphite in a hypereutectic gray iron in the a) unetched and b) etched conditions (200x).

Fig. 16

Fig. 17

Fig. 18a

Fig. 18b

(Left to right) Figure 16. Pearlitic gray iron with resolvable lamellae (1000x). Figure 17. The lamellar eutectoid structure of aluminum bronze
(Cu-11.8% Al, 1000x). Figure 18. Primary alpha and the lamellar eutectoid structure of hypoeutectoid aluminum bronze (Cu-11.3% Al) at a)
100x and b) 1000x.

head was rotated at 60 rpm and complementary rotation was used
for all steps except the last. When using liquid polishing solutions,
such as MASTERPREP™ or MASTERMET® abrasive slurries, contra
rotation does not throw the slurry off the cloth surface as rapidly as
complementary rotation. Load forces were slightly lower. To begin,
24 lbs. (107 N) were used for grinding with the PLANARMET AL
Grinding Paper and then with 15μm diamond on the ULTRA-PAD™
Cloth. For the other steps, 30 lbs. (133 N) force were used.
Preparation Experiments
As a comparison to the first experiment, Figures 13a and b show
200x and 1000x views of the microstructure of the 1045 carbon
steel specimen shown in Figure 9. The 200x view shows how the
intergranular ferrite reveals the prior-austenite grain size, while the
1000x view shows an area with more bainite than in the area shown
in Figure 9. As a follow-up to our last issue of Tech-Notes (Volume
2, Issue 2), Figures 14a and b show unetched and etched (2%
nital) views of a hypoeutectic gray iron specimen with undercooled

Fig. 19

graphite, perfectly retained. Figures 15a and b show unetched and
etched views of a hypereutectic flake gray iron containing a matrix
of ferrite and pearlite. Figure 16 shows the microstructure of a fully
pearlitic flake gray iron, where much of the lamellae can be resolved
at 1000x magnification.
Figure 17 shows the lamellar eutectoid structure of annealed
aluminum bronze, Cu-11.8% Al, where the lamellae are alpha Cu
and CuAl2 (theta phase) at 1000x after etching with aqueous 3%
ammonium persulfate and 1% ammonium hydroxide. This etch was
used for all of the Cu-based specimens. Figures 18a and b show
the microstructure of an annealed hypoeutectoid aluminum bronze,
(Left to right) Figure 19. Beta phase in an alpha matrix in as-cast
Cu-42% Zn (200x). Figure 20. Beta phase formed by heating Cu42% Zn into the beta phase field and water quenching (50x). (Left
to right) Figure 21. Cu-42% Zn heated into the beta field and a)
furnace cooled to 600°C (into the a+b field) and water quenched
(50x) and b) furnace cooled to ambient (100x). Cu-11.3% Al, where

Fig. 20

(Left to right) Figure 19. Beta phase in an alpha matrix in as-cast Cu-42% Zn (200x). Figure 20. Beta phase formed by heating Cu42% Zn into the beta phase field and water quenching (50x).

Fig. 21a

Fig. 21b

(Left to right) Figure 21. Cu-42% Zn heated into the beta field and a) furnace cooled to 600°C (into the a+b field) and water
quenched (50x) and b) furnace cooled to ambient (100x).
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proeutectoid alpha phase forms before the eutectoid constituent.
Figure 19 shows the structure of as-cast Cu-42% Zn, where the
amounts of alpha and beta phases are nearly equal. If this specimen
is heated into the beta phase field, homogenized (800°C for 1 hour)
and water quenched, the structure will be 100% beta phase, as
shown in Figure 20. However, if we cool this specimen more slowly
from the beta field, the amount of beta can be controlled, as shown
in Figures 21a and b. In 21a, the specimen was furnace cooled to
600°C (within the two phase alpha + beta region) and then water
quenched, while in 21b, furnace cooling was continued to room
temperature resulting in an equilibrium amount of alpha and beta.
Conclusions
PLANARMET AL was found to be an effective rough (“planar”)
grinding material suitable for a wide variety of metals and alloys.
Controlled experiments showed it markedly outperformed silicon
carbide paper in the amount of metal removed initially, and as a
function of grinding time. SiC paper lasted about 2 minutes in
these trials, while PLANARMET AL lasted 16 minutes or longer.
In actual preparation work, a single sheet was used to grind 30
unmounted specimens, up to 1½in. (38mm) diameter, in. seven
holders. The experiment ended, not because the paper was worn
out, but because the metallographer had to go out of town! In the
second experiment, 27 specimens were ground in five holders, and
the paper was still useful. Both ferrous and nonferrous alloys were
ground and polished, revealing the true microstructure.
Tech-Tips
Question: Occasionally I have a specimen which was ground
through 600 grit SiC paper and which exhibits very heavy scratches
after rough polishing. These scratches can only be removed by going
back to 120 to 240 grit SiC paper. What is the cause of this problem?
Answer: Dependent on the manufacturer, 600 grit SiC paper appears
to be very difficult to produce without occasional contamination
problems. During my 29 years in industry, I encountered this problem
a number of times with papers from a variety of sources. Examination
of the paper surface reveals a number of SiC particles substantially
greater than the normal range (see example). This may arise from
improper grading of the abrasive by the manufacturer of the silicon
carbide, or it could arise from contamination from a prior coarser
abrasive batch during the paper coating process. The same coating
equipment is used to make papers of all abrasive sizes, and it must be
carefully cleaned between processing runs. To combat this problem,
we specify tighter SiC particle size range tolerances, all SiC batches
are inspected for size and we require complete cleaning of the
process line between size runs.

SEM view of the surface of a sheet of 600-grit SiC paper
that produced deep scratches due to the presence of
unacceptably large SiC grains, such as this one (550x).

problem with lead and lead alloy specimens. I have observed that
polishing with diamond abrasives is relatively ineffective for removing
these particles. However, polishing with alumina slurries (abrasive
size does not appear to be too critical, both 1- and 0.3μm alpha
alumina work equally well) is highly effective in removing these
embedded particles. However, the affected layer must also be
removed. Titanium alloys also are sensitive to SiC embedding. In this
instance, I have found vibratory polishing with colloidal silica to very
effective in removing the embedded particles. I normally add a small
amount of an attack polishing solution to the colloidal silica to
enhance polishing.
Question: In case I want to skip some SiC paper sizes and go to
polishing with diamond abrasive, what is the approximate particle
size of the SiC particles and what is the surface finish?
Answer: For the ANSI/CAMI particle grading system used in the
USA, the approximate mean sizes of the SiC abrasive on 120-, 240, 320-, 400- and 600-grit papers are 142, 63, 33, 23 and 14μm,
respectively. As a simple “rule-of-thumb,” the approximate mean
surface finishes in μm are half the mean particle size. The European
FEPA grading system is slightly different above 180 grit. FEPA uses
220, 320, 500, 800 and 1200 grit sizes where the FEPA 800 and
1200 grits are the same approximate size as the ANSI/CAMI 400 and
600 grit sizes. The mean size of the SiC particles for 220 and 320
FEPA SiC papers are 68 and 30μm. So, if you want to skip 600-grit
SiC paper, you can easily go to 15μm diamond. Alternatively, after
120-, 180- or 240-grit SiC paper, you can use the contemporary
polishing procedures that have been described in this, and previous,
issues of Tech-Notes.

Question: When preparing certain metals and alloys, I often notice
embedded SiC abrasive particles. I have tried to prevent this but
without success. What do you recommend?
Answer: You are right, embedding of SiC particles is a common
problem with certain metals and alloys. It is more likely to occur
with finer abrasive sizes, so avoiding these whenever possible may
help. Using a contemporary practice with only one coarse abrasive
size (such as described in this Tech-Notes with PLANARMET AL, or
in Volume 1, No. 8) may be a viable solution. I have tried coating
the paper surface with bees wax, as has been recommended in the
literature, but this is not a cure. SiC embedding is a very annoying
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