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Section 1
Introduction

A major fraction of ceramics in industrial use today is in polycrystalline form, partly
because polycrystalline ceramics are less expensive than single-crystal ceramics and
partly because large single crystals of many ceramics are difficult to grow. The ap-
plications of ceramics in optics and electronics have been growing rapidly in recent
years. In some of these applications, polycrystalline ceramics possessing damage-free
surfaces that are both smooth and flat are required.

In the conventional surface finishing approach in which abrasives with hardnesses
greater than that of the workpiece are used to remove material from the workpiece,
the flatness is achieved by employing flat laps (such as cast iron or tin) and the re-
quired smoothness is achieved by polishing the workpiece with abrasives of successively
finer grit size. This approach generally produces damaged surfaces consisting of fine
scratches and a thin damaged layer.

A thin damaged layer from a conventionally polished material can be removed in a
number of ways, for example, by chemical polishing or by electropolishing. The main
disadvantages associated with these methods of damage removal are formation of deep
steps at the grain boundaries, because of the anisotropy in the material removal rates
associated with the grains of different orientation, and the flatness degradation.

In an effort to produce damage-free surfaces possessing a higher degree of flatness and
smoothness than can be achieved by chemical or electropolishing, the technique of
mechanochemical polishing has been in use for the last several years. The
mechanochemical polishing technique is very similar to the conventional polishing
technique except that the emphasis in the former technique is on removing material
from the workpiece through a chemical reaction between the workpiece and the polishing
medium. This chemical reaction is activated by application of pressure during polishing,
typically in the 7 x 103-7 x 104 N/m 2 (1-10 psi) range.

A well known example of mechanochemical polishing is the surface finishing of single-
crystal silicon wafers using an alkaline colloidal silica slurry for electronic applica-
tions. A colloidal silica slurry is a stable dispersion of very fine (40-800A) sized SiO2
particles in water. The dispersion is stable over a very long period of time if the pH
of the slurry is adjusted to a value in the range of 8.0-11.5. A colloidal silica slurry
with pH of 11 is frequently used for polishing silicon wafers.

Chemical compositions of many commercially available colloidal silica slurries are pro-
prietary, and one can only postulate the mechanism by which they remove material
from silicon. Based on the work of Karaki et al. this mechanism appears to be the

IT. Karaki, S. Miyake and J. Watanabe, Bull, Japan Soc. of Prec. Engg. 15, 14 (1981).



dissolution of silicon in the alkaline slurry. Solubility of silicon in an alkaline solution
is significant at room temperature and increases rapidly with increasing temperature.
The action of rubbing the silicon surface against the lap surface (typical lap material
being polyurethane impregnated polyester) is the origin of heat in the mechanochemical
polishing process. The amount of heat generated (and hence the silicon removal rate)
increases as the pressure applied to the silicon workpiece increases, and for a given
pressure, increases very significantly if the alkaline polishing medium contains fine
solid particles (such as colloidal SiO, particles).

Because of the reactive nature of colloidal silica slurries, difficulties are encountered
in using them in conjunction with laps such as pitch, metal and beeswax, which have
been used traditionally to obtain flat surfaces. The colloidal silica slurries are typically
used in conjunction with polyurethane impregnated polyester or similar lap materials.
The main disadvantages associated with the use of such non-rigid laps are excessive
rounding at the edges of the workpiece, flatness restriction of approximately 1 A (A =
633nm) per centimeter in the center of the workpiece, and orange-peel appearance in
the case of polycrystalline workpiece.

In contrast to the liquid-solid type of chemical reaction which appears to be operative
in the case of colloidal silica polishing of silicon, there is another form of
mechanochemical polishing in which the emphasis is on material removal through
chemical reaction between two solids, the workpiece and a soft abrasive. These chemical
reactions are also promoted by an application of pressure in the range of 7 x 103- 7
x 101 N/m2 (1-10 psi) during polishing and often by performing the mechanochemical
polishing dry, that is by employing a loose powder of soft abrasive as the polishing
medium as compared to we* polishing in which the slurry of an abrasive in liquid (usual-
ly water) is used as a podishing medium. Since the abrasive used in this form of
mechanochemical polishing is softer than the workpiece, it is not likely to introduce
scratches and a damaged layer in the workpiece, at least not to the same extent as
a harder abrasive would. In an earlier study of this form of mechanochemical polishing
by Yasunaga et al.2 it has been shown that soft abrasives like CaCO3 (or BaCO3) and
SiO2 can be used to obtain scratch-free and damage-free silicon and sapphire surfaces,
respectively. If the workpiece and the selected soft abrasive are compatible with a rigid
lap (such as metal or glass), then this form of mechanochemical polishing carries a poten-
tial for yielding surfaces that are not only scratch-free and damage-free but also flat.
It has been shown by Yasunaga et al.' that damage-free and flat sapphire surfaces can
be obtained by mechanochemically polishing on a flat glass lap using fine SiO, par-
ticles as soft abrasive.

In an effort to develop basic understanding of the usefulness and limitations of col-
loidal silica as a mechanochemical polishing medium for various ceramics and of

2N. Yasunaga, N. Tarumi, A. Obara and 0. Imananka, in The Science of Ceramic Machining and Surface
Finishing II, B.J. Hockey and R.W. Rice, editors. National Bureau of Standards Special Publication 562,
1979, p. 117.

3N. Yasunaga and 0. Imananka, Technocrat 8, 15 (1975).
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Yasunaga's approach, attempts have been made to mechanochemically polish several
oxide and non-oxide ceramics using these approaches. All the materials selected in this
work were polycrystalline for the reasons stated earlier. Removal rates that can be
achieved by mechanochemically polishing various ceramics have been measured as well
as the flatness and surface roughness of mechanochemically polished surfaces because
of the lack of such information in the literature. In addition, efforts have been made
to analyze the debris of mechanochemical polishing using the technique of transmis-
sion electron microscopy.

3
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Section 2
Experimental

Polycrystalline ceramics used in the present work were obtained from the following
sources: A1203 (Coors ADS 997), Coors Porcelain Co., Golden, Colorado; Mn-Zn ferrite,
Magnetic Peripherals, Inc., Bloomington, Minnesota; Si3N, (Wesgo SNW-100), GTE Pro-
ducts Corporation, Belmont, California; MgO.A120 3 (Ceralloy 12-138), partially stabilized
ZrO2 (ZrO2 + 12% Y203, Ceralloy 3982), SiC (Ceralloy 1461G), and B4C (Ceralloy 546).
Ceradyne, Inc., Santa Ana, California.

All polishing experiments were conducted on a Strausbaugh polishing machine, model
6Y-1. Stock removal rates were determined from the measured weight loss of the
workpiece after polishing for a known period of time using the following parameters:
lap diameter, 10 cm; lap RPM, 80; stroke frequency, 60 cpm; and polishing pressures
in the range of 7 x 10-7 x 10 N/m2 (1-10 psi). Laps were completely covered with
the abrasive and the slurry of the abrasive in water was sprayed on the periphery of
the lap periodically. With this procedure, the mechanochemical polishing occurred in
the wet mode when the sample holder was at the periphery of the lap and in the dry
mode when it was away from the periphery. This procedure was adopted because of
the observations of a reaction between the sample and the lap and of the rapid degrada-
tion of lap when the mechanochemical polishing was performed strictly in dry mode
over an extended period of time.

Colloidal silica slurries of three different types were used in this work, Nalco 2350,
Nalco 2360, and Nalco 1034A, all marketed by Nalco Chemical Company, Oak Brook.
Illinois. Nalco 2350 has a pH of 11 and contains 50% of 500-700A SiO; Nalco 2360
has a pH of 8.5 and also contains 50% of 500-7001 SiO 2; and Nalco 1034 A has a pH
of 3.1 and contains 35% of 160-220A Si02. A dilution ratio of 1:10 (1 part colloidal silica
slurry and 10 part of deionized water) was used typically for mechanochemical polishing.

5
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Section 3

Results and Discussion

3.1 POLISHING OF OXIDE CERAMICS USING COLLOIDAL SILICA

Because of the technical importance of polycrystalline AIlO 3 as a substrate material
for electronics packaging, a significant fraction of our efforts had concentrated on
mechanochemical polishing of A1203. Based on the earlier work of Gutsche and Moody'
on colloidal silica polishing of sapphire crystal of (1102) orientation and of Yasunaga
et al. 2.3 on dry mechanochemical polishing of sapphire crystals of various orientations
using fine SiO2 particles as soft abrasive, we chose to concentrate our efforts on these
two polishing media.

Measurements were made in the present work of the removal rates that can be obtain-
ed by mechanochemically polishing Coors ADS 997 AlO 3 at a pressure of 3.5 x 10'
N/m2 (5 psi) on a polyurethane impregnated polyester lap using the following polishing
media: (1) 1 molar solution of NaOH in water, (2) loose SiO2 particles 70A in diameter,
(3) a mixture of 70A SiO, particles and 1 molar solution of NaOH in water, (4) Nalco
2350 colloidal silica slurry and (5) Nalco 2360 colloidal silica slurry. The measured
removal rates are listed in Table 1.

Table 1. Removal rates obtained by mechanochemically polishing
polycrystalline A120 3 using various polishing media.

Polishing Medium Remcval Rate, /m/hr

1 nolar soln of NaOH in water 0.1
7oASiO2  1.2
1 molar soln of NaOH in water + 70A SiO 1.0
Nalco 2350 (pH = 11.0, dilution ratio 1:10) 1.4
Nalco 2360 (pH = 8.5, dilution ratio 1:10) 1.8

An important reason for choosing various polishing media listed in Table 1 was to deter-
mine if the solubility of A120 3 ceramic in an alkaline solution is significant at or
moderately above room temperature. If it is, then increasing the alkalinity of the pol-
ishing medium could provide a means to increase the removal rate for A1203. Apparently,
the solubility of A120 3 in an alkaline solution is not significant at temperatures typically
encountered in polishing, of the order of 1000C. ' Because the removal rate obtained
by mechanochemically polishing A1,0 3 with 1 molar solution of NaOH in water is very
low, 0.1yni/hr, and addition of alkaline solution to 70A SiO does not increase the removal
rate that can be obtained by polishing AIlO 3 alone with 70A SiO2.

4H.W. Gutsche and J.W. Moody, J. Elec. Chem. Soc, 125, 136 (1978).
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It is seen in Table 1 that Nalco 2360 colloidal silica slurry with pH of 8.5 polishes A1203
at a slightly higher rate than Nalco 2350 colloidal silica slurry with pH of 11.0. This
is in agreement with1, the earlier observation of Gutsche and Moody' regarding the in-
fluence of pH of colloiial silica slurries on mechanochemical polishing rates for sap-
phire of(1102) orientation; although the removal rates reported by Gutsche and Moody
are significantly (about a factor of 10) higher than those listed in Table 1 for
polycrystalline AlO. This could be due to the possibility that the colloidal silica polishes
sapphire crystals of different orientations at different rates, and for some orientations
the rates are much lower than the measured rate for sapphire of (1102) orientation.
(Such an anisotropy has been observed by Yasunaga et al.2 in their study of dry
mechanochemical polishing of sapphire with SiO particles, and by Namba and Tsuwa5

in their study of float polishing of sapphire using a slurry of 70A SiO2 particles in water.)
The presence of such grains of unfavorable orientations is expected in polycrystalline
A1, and can contribute to the observed discrepancy in the removal rates.

The removal rate in mechanochemical polishing generally increases with increasing
pressure. For Coors ADS 997 A1203 , an increase in polishing pressure from 3.5 x 104

N/m2 (5 psi) to 7.0 x 104 N/m 2 (10 psi) increased the removal rate by a factor of 2 to
the value of -4mm/hr when Nalco 2360 colloidal silica slurry was used as the polishing
medium. The removal rates obtained by mechanochemically polishing other ceramics
using the same slurry under identical polishing conditions were measured. The measured
rates are compared in Table 2, where it is seen that the colloidal silica slurry polishes
oxide ceramics at significantly higher removal rates than the non-oxide ceramics. The
rates are observed to vary in the range of 3-7Mm/hr for oxide ceramics and in the range
of 0.5-1.3Mm/hr for non-oxide ceramics.

Table 2. Comparison of removal rates obtained by mechanochemically
polishing various ceramics using a colloidal silica slurry.

Workpiece Removal rate, Mm/hr
MgO.AlO 7.0
Mn-Zn ferrite 4.0
AlO 3  4.0
ZrO2  3.0
Si3 N 4  1.3
BC 0.6
SiC 0.5

As noted earlier, alkaline colloidal silica slurries with pH in the range of 8.0-11.0 are
stable over a long period of time. An acidic colloidal silica slurry with pH = 3.1 is
available commercially (Nalco 1034A) and possesses a fair degree of stability. Efforts
were made to mechanochemically polish Mn-Zn ferrite using this slurry to determine
if it would yield a higher removal rate than 41.m/hr, obtained using alkaline Nalco

5Y. Namba and H. Tsuwa, Annals of the CIRP 27, 511 (1978).
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2360 colloidal silica slurry with pH = 8.5 (Table 2). It has been reported by Namba
and Tsuwao that an acidic solution can chemically polish Mn-Zn ferrite at a significantly
higher rate than an alkaline solution. Nalco 1034A colloidal silica slurry with a dilu-
tion ratio of 1:6 was found to yield a removal rate of v8j.m/hr, about a factor of two
higher than that measured using Nalco 2360 colloidal silica slurry (Table 2).

3.2 POLISHING OF NON-OXIDE CERAMICS USING OXIDES OF CHROMIUM

Data shown in Table 2 indicate that the colloidal silica slurry polishes oxide ceramics
at significantly higher removal rates than non-oxide ceramics. Because of this, the ef-
forts were made to determine if the removal rates for non-oxide ceramics can be in-
creased by addition of hydrogen peroxide to colloidal silica slurry. Addition of hydrogen
peroxide, which is a well-known oxidizer, has been shown to increase the removal rates
for many semiconductors, such as Ge and GaAs, 7 apparently by promoting the oxida-
tion of these semiconductors during polishing. In the case of non-oxide ceramics, signifi-
cant increases in the removal rates were not obtained upon addition of up to 10 volume
percent of hydrogen peroxide to the colloidal silica slurry. Because of this, the efforts
were then concentrated on Yasunaga's approach to get high removal rates for non-oxide
ceramics.

The results of our preliminary efforts to mechanochemically polish ceramics using
several soft abrasives have been reported earlier.' Briefly, samples of both oxide and
non-oxide ceramics were initially lapped conventionally on a brass lap using 15Jim dia-
mond paste and attempts were made to mechanochemically polish them using a varie-
ty of soft abrasives. Several soft abrasives were observed to remove scratches from the
conventionally polished surfaces of both oxide and non-oxide ceramics.

In the present work, efforts were made to identify soft abrasives with potentials for
yielding higher removal rates than those which can be achieved by using colloidal silica
slurry as a polishing medium (Table 2). For this purpose, Knoop indentations were made
on both oxide and non-oxide ceramic samples. Decreases in size of these indentations
were measured after polishing for a period of 1 hr to determine the removal rates. Soft
abrasives included in this study were MgO, NiO, CrO 3 , FeO 3 , FeO,, and SrCO,. For
oxide ceramics, these abrasives did not yield higher removal rates than colloidal silica
slurry (Table 2). In the case of non-oxide ceramics, Cr2 03 for SiC, BC and Si3 N, and
FeO. for Si3N, were found to yield higher removal rates than colloidal silica slurry:
the measured removal rates for other soft abrasives were in the range of 0.3-0.6Mm/hr.
The results of efforts to mechanochemically polish Si3N, with Fe2O, were reported
earlier;8 the results of efforts to mechanochemically polish Si3N., SiC and BC using
Cr2 03 abrasive are reported below.

6y. Namba and H. Tsuwa, Annals of the CIRP 28, 425 (1979).

7G.W. F/nn and W.J.A. Powell, The Cutting and Polishing of Electro-Optics Materials (New York: John
Wiley & Sons) p. 207

8H. Vora and R.J. Stokes, "Study of Mechanochemical Machining of Ceramics and the Effect on Thin Film
Behavior," Final Technical Report #NO0014-80-C-0437-2, Contract N00014-80-C-0437, January 1983.
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In an effort to gain better understanding of the mechanism of material removal in
mechanochemical polishing, two more workpiece materials, single-crystal silicon of(100)
orientation and fused silica were included in the present study. In addition, attempts
were made to see if the rates at which Cr2 O polishes various materials can be increas-
ed by addition of Cr0 3 to it. Cr2 03 , like jeweller's rouge (Fe.0 3 ) or CeO2, is not a very
reactive polishing medium. Cr03 , on the other hand, is a very strong oxidizer and rapidly
degrades many lap materials, including polyurethane impregnated polyester, when
used alone. The lap degradation can be controlled to a great extent by mixing traces
of CrO with Cr.03 and using the resulting mixture for polishing, rather than using
CrO3 alone as a polishing medium.

If the inability of non-oxide ceramics to oxidize rapidly enough during mechanochemical
polishing restricts their removal rates, and if CrO3 is able to promote oxidation of non-
oxide ceramics during mechanochemical polishing, one would expect to see an increase
in removal rates for non-oxide ceramics upon addition of CrO3 to CrO 3 .

Removal rates obtained by mechanochemically polishing Si3N4 , SiC and B4C at various
pressures in the range of 7 x 103-7 x 10' N/M2 (1-10 psi) using both Cr2O3 and a mix-
ture of CrO3 and Cr 20 3 as polishing media are plotted in Figures 1 through 3, respec-
tively. For the three non-oxide ceramics, removal rates are observed to increase with
increasing polishing pressure, and at given pressure, the mixture of CrO3 and CrO,
is observed to yield higher removal rate than Cr 2 O3 .

Figure 4 illustrates the effect of polishing pressure on the removal rates obtained by
polishing silicon single crystal with colloidal silica slurry (Nalco 2360, pH = 11, dilu-
tion ratio 1:10) and a mixture of CrO 3 and CrO3 .

Compared in Table 3 are the removal rates obtained by polishing Si, SiO 2, Si3N4 , SiC
and B4C at a pressure of 7 x 104 N/m2 (10 psi) using Cr2O3, mixture of Cr 33 and CrO3,
and colloidal silica as polishing media. It is seen that the mixture of CrO and Cr2 O3
mechanochemically polishes non-oxide ceramics at significantly higher rates than the
slurry of colloidal silica. The measured rate is higher by a factor of 14 for Si3N4, 7 for
SiC and 6 for B4C.

Table 3. Removal rates (tMm/hrl for Si, Si0 2 , Si 3 N 4 , SiC and B4C obtained by
polishing at a pressure of 10 psi using various polishing media.

Workpiece Polishing Medium

Workpiece CrO 3  Cr 203 + CrO Colloidal Silica
Si - 31.0 31.0
SiO 14.0 22.0 4.0
Si3 N4  7.0 18.0 1.3
SiC 1.2 4.0 0.6
B4C 1.3 3.0 0.5
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Figure 2. Removal rates obtained by mechanochemically polishing SiC at various
pressures using Cr2O3 and a mixture of Cr2O3 and Cr0 3 as polishing media
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An important reason for including fused silica in the present work was to see if the
material removal in the cases of Si3 N4 and SiC occurs in two steps, oxidation of the
workpiece surface and the subsequent removal of the oxide layer by the abrasive (CrO 3).
If this is the case, one would expect Cr 2 03 to polish fused silica at a higher rate than
Si3 N4 and SiC because fused silica is in an oxide form to start with, and an addition
of CrO to Cr.0 3 to increase the removal rates for SiN 4 and SiC. Both these effects
were observed as shown in Table 3.

What is not clear, however, is the observed inc ease in the removal rate for fused silica
upon addition of CrO3 to Cr2O3 . If the only role played by CrO3 is to promote the oxida-
tion of the workpiece surface, this increase is not expected. It should be mentioned here
that the polishing of SiC and Si3N, with a mixture of Cr 2 03 and CrO3 constitutes
mechanochemical polishing because no scratches were observed on the polished sur-
faces of these materials, whereas polishing of fused silica with this mixture is mechanical
in nature to a certain extent as scratches were observed on the polished surface of fus-
ed silica. The reported Mohs hardness of the fused silica which is in the range of 5.5-6.5
is less than the Mohs hardness of 7 for Cr 203 . Mohs hardness of Si is also 7. Its polishing
with a mixture of Cr 203 and CrO has appeared to be mechanochemical in nature. The
polished surface of Si had mirror finish and showed no scratches.

3.3 ELECTRON MICROSCOPY OF POLISHING MEDIA AND DEBRIS

If the reaction product of conventional or mechanochemical polishing is crystalline,
it may be possible to identify it through electron diffraction analysis.

In the present work, three polishing media were examined in a transmission electron
microscope. They were: Nalco 2350 colloidal silica, Buehler cerium oxide (Miromet),
and Fisher chromium oxide. Also examined were the debris obtained by polishing silicon
with Nalco 2350 colloidal silica, fused silica with Buehler CeO2, and Si3 N, with
chromium oxide.

The transmission electron micrograph and the diffraction pattern of colloidal silica are
shown in Figure 5. Corresponding micrograph and the diffraction pattern of the debris
obtained by polishing silicon with colloidal silica are shown in Figure 6. The diffrac-
tion patterns indicate that both polishing medium and the debris are amorphous in
nature.

The transmission electron micrograph and the diffraction pattern of Buehler cerium
oxide and the debris obtained by polishing fused silica with this polishing compound
are shown in Figures 7 and 8, respectively. The d-spacings of the diffraction rings seen
in Figures 7 and 8 are tabulated in Table 4, where they are compared with the reported
d-spacings of cerium oxide (CeO2 ). It is seen that the Buehler CeO contains some uniden-
tified compound in addition to cerium oxide. Since all the diffraction rings observed
in the diffraction pattern of the polishing debris can be assigned to cerium oxide polishing
compound, it is concluded that cerium oxide removes material from fused silica in anj amorphous form which could be pure SiO2 or some compound of SiO2 and CeO.
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Figure 5. Transmission electron micrograph and diffraction pattern of colloidal silica
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Figure 6. Transmission electron micrograph and diffraction pattern of debris
obtained by polishing Si with colloidal silica
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Figure 7. Transmission electron micrograph and diffraction pattern of Buehler
cerium oxide
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Figure 8. Transmission electron micrograph and diffraction pattern of debris
obtained by polishing fused silica with Buehler cerium oxide
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The transmission electron micrograph and diffraction pattern of Cr2O, and the debris
obtained by polishing SiN 4 with CrO 3 are shown in Figures 9 and 10, respectively.
We were able to attribute all the diffraction rings observed in the diffraction patterns
of the polishing compound and the debris to Cr2 0 3 , suggesting the possibility that the
reaction product of CrOQ and Si3N, is also amorphous in nature.

Scanning electron micrograph of the debris obtained by polishing Si3 N, with Cr2O3 is
shown in Figure 11(a). The distributions of Si and Cr in this debris are shown in Figures
11(b) and 1 1(c), respectively. Scanning electron micrograph of the debris obtained by
polishing fused silica with CeO, is shown in Figure 12(a). The distributions of Si and
Ce in this debris are shown in Figure 12(b) and 12(c), respectively. These data indicate
that the reaction product of polishing is a small fraction of polishing debris.

Table 4. Analysis of the diffraction patterns of Buehler Ce0 2 and the debris
obtained by polishing fused silica with Buehler CeO 2.

Measured d-spacings,A Reported d-spacings
Buehler CeO2  Polishing debris of CeO2, A

3.15 3.15 3.12
2.70 2.72 2.71
2.28 2.25 -
1.93 1.93 1.91
1.72 1.72 -
1.67 1.65 1,63
1.52 1.51 1.56
1.33 1.33
1.26 1.24

In an earlier study of the reaction product of mechanochemical polishing of Al2 O3with
Si0 2 , Yasunaga et al. 2 have found it to be amorphous in nature. They were able to
crystallize it by heating and identifying it as mullite. Experiments of this nature will
be useful in identification of the reaction product of mechanochemical polishing.

3.4 PRECISION OF MECHANOCHEMICALLY POLISHED SURFACES

Precision in the context of this work refers to the flatness and surface roughness of
mechanochemically polished surfaces. Because of the need to use a chemically reac-
tive polishing medium and to apply high pressures in mechanochemical polishing, dif-
ficulties are encountered in finding a compatible lap material. Laps such as polyurethane
impregnated polyester or polyurethane foam are frequently employed for
mechanochemical polishing of amorphous or monocrystalline, single-phase materials.
Employment of such non-rigid laps for mechanochemical polishing yields polished sur-
faces with orange-peel appearance (in the case of polycrystalline materials), showing
excessive rounding at the edges and with flatness of no better than 1 A (A = 633nm)
per centimeter in the center. Efforts were made in the present work to see if these dif-
ficulties can be overcome by employing machinable plastics as laps for mechanochemical
polishing.

20



Figure 9. Transmission electron micrograph and diffraction pattern of Cr2O3
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Figure 10. Transmission electron micrograph and diffraction pattern of debris
obtained by polishing Si3N4 with Cr-2O3
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Figure 11. Debris obtained by mechanochemically polishing Si3 N4 with Cr 203. (A

Scanning electron micrograph, (B) distribution of Si in the debris C,
distribution of Cr in the debris
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Figure 12. Debris obtained by polishing fused silica with cerium oxide. (A) Scanning
electron micrograph, (B) distribution of Si in the debris and (C
distribution of Ce in the debris
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Machined laps of plastics such as linen phenolic, Teflon, bts, polyethylene and pvc were
used for mechanochemical polishing. Except for linen phenolic, these plastics were found
unsuitable for mechanochemical polishing because of the difficulties encountered in
milling or grinding them to a high degree of flatness as well as due to their inability
to withstand pressures on the order of 7 x 101 N/m2 (10 psi) applied during
mechanochemical polishing.

Using milled linen phenolic laps, we have been able to obtain flatness of AJ10 (A = 633
nm) per centimeter of the polished surface. Surface figures of mechanochemically polish-
ed samples of ZrO2 and spinel are shown in Figure 13. A colloidal silica slurry was
used as a mechanochemical polishing medium for these materials.

Anisotropy in the material removal rates associated with grains of different orienta-
tions introduces steps at the grain boundaries in polycrystalline materials. Steps are
also introduced at the phase boundaries in polyphase materials. This phenomenon limits
the maximum smoothness that can be achieved by mechanochemically polishing single-
phase and multiphase polycrystalline materials. In an effort to determine what these
limitations are, surface profiles of mechanochemically polished surfaces of ZrO2, A12O3,
MgO.A12 03 , Mn-Zn ferrite, BC, SiC and Si3N4 were measured using a Talystep pro-
filometer. All these materials were polished on a linen phenolic lap. The polishing media
were colloidal silica slurries for all oxide ceramics, Cr 20 3 for B4C and SiC, and FeO,
for Si3N,. The surface profiles, along with the corresponding Nomarski micrographs.
of the mechanochemically polished surfaces of various materials are shown in Figures
14-20. It is seen that the peak-to-valley roughness varies from material-to-material over
the range of 160A for spinel to 1300A& for partially stabilized ZrO2 .
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(A)

(B)

Figure 13. Surface figures of mechanochemically polished samples of (A) spinel
and (B) zirconium oxides. Samples are approximately 18mm x 25mm
in dimensions
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Figure 14. Nomarski micrograph and surface profile of mechanochemically polished
ZrO2

L 27



50 1jm

5OPM

Figure 1 .Nomarski micrograph and surfaCe Profile of mechanochemically polished
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Figure 1 6. Nomarski micrograph and surface profile of mechanachemically polished
MgO.A1203
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Figure 1 7. Nomarski micrograph and surface profile of mechanochemically polished
Mn-Zn ferrite
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Figure 18S. Nomarski micrograph and surface profile of mechanochemically polished
Si3N4
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Figure 19. Nomarski micrograph and surface profile of mechanochemically polished
sic
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Figure 20. Nomarski micrograph and surface profile of mechanochemically polished
B4 C
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Section 4
Conclusions

Our study of mechanochemical polishing of ceramics indicates that soft abrasives which
mechanochemically polish hard ceramics can be found with little difficulty, but that
a limitation of low removal rates, in the range of 0.3-0.6 pm/hr, is associated with most
of them. Oxide ceramics can be polished at significantly higher removal rates, in the
range of 4-8jim/hr, by employing colloidal slurry as a mechanochemical polishing
medium.

A limitation of low removal rates, in the range of 0.5-1.3pm/hr, is associated with col-
loidal silica slurry when used as a mechanochemical polishing medium for non-oxide
ceramics. Significantly higher removal rates can be achieved by employing oxides of
chromium as mechanochemical polishing media for non-oxide ceramics. The measured
removal rates are as high as 16pm/hr for SiN 4 , 6pm/hr for B4C and 5gm/hr for SiC.

Mechanochemically polished surfaces with flatness of -A/10 (A = 633nm) per centimeter
can be achieved by using machined linen phenolic lap. This is adequate for substrate
applications of ceramics in electronics packaging as well as for application of Mn-Zn
ferrite in manufacturing of high-performance magnetic recording heads. Since in many
applications in optics flatness of better than A/20 per centimeter is required, a need
exists for additional work in this area.

Anisotropy in the material removal rates associated with grains of different orienta-
tions or with different phases restricts the maximum smoothness that can be achieved
by mechanochemically polishing polycrystalline ceramics. The measured peak-to-valley
surface roughness has been found to vary over the range of 160-1200 .X for the
polycrystalline ceramics used in this work.

Electron microscopy analysis of the debris obtained by polishing SiN, with Cr,,O3 , Si
with colloidal silica, and fused silica with cerium oxide suggest the possibility that the
reaction products of polishing in these three cases are amorphous in nature.
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