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ION IMPLANTATION AND FRACTURE TOUGHNESS OF CERAMICS

J. Clark and J.T.A. Pollock. CSIRO Division of Chemical Physics

LHRL. Sutherland NSW 2232

INTRODUCTION. Ceramics generally lack toughness, a mechanical property
which can be understood as the capacity to resist catastrophic failure.
Tough ceramics are sought for high temperature-high strength regimes, for
example, advanced heat engines (1), where metals are unsatisfactory. Tough-
ness is largely determined by the ceramic surface where stresses likely to
cause failure are usually highest. Ion implantation is important as a tool
of both basic and applied metallurgical research (2) and has the capacity to
improve the surface fracture toughness of ceramics (3). Significantly
reduced ion size and reactivity restrictions exist compared with traditional
methods of surface toughening. We are studying the effect of ion
implantation on ceramic fracture toughness using indentation testing as the
principal tool of analysis. This paper deals with our first data and
preliminary analysis.

TOUGHNESS TESTING. Ion implantation energies in the range 50-200 keV
produce altered surface layers less than 1 micron deep. Fracture toughness
characterisation of such thicknesses is not easily achieved using bulk
methods. However, in the past decade fracture toughness characterisation
based on indentation testing has gained a large level of acceptance. The
approach involves an analysis of fracture cracks emanating from indentations
made in brittle materials (see Figure 1). Evans and Charles (4) showed that
the measured parameters £ and £ allow the fracture toughness parameter,
K , to be determined using the relationship
IC n /.

-1.5
= 0.129 ( c/ ) Eqn. 1

where: H is the hardness, E is the Youngs modulus and $ is a constraint
factor (ra3).

METHODS. Basal plane A1203 and soda glass were implanted with 50 keV Ar and
N. Implant concentration depth profiles were characterised with RBS using 2
MeV He. An assessment of swelling accompanying implantation was made by
interference fringe microscopy. Vickers indentations were used to determine
KTr, and H. Examination of the indentation-crack system was by SEM.i.0

RESULTS AND DISCUSSION. RBS data obtained with Ar implanted A1203 are shown
in Figure 2, together with BACKSCAT simulations used to estimate the Ar
atomic concentration-depth profile. Maximum Ar depths were a 200 nm at each
fluence^ith peak concentrations of 18% (5 x 10 ), 12% (2.5 x 10 ) and 8%
(1 x 10 ) occurring at a 100 nm. Similar depths are likely for the Ar
implants of glass. Nitrogen depths are expected to be about 50 nm deeper
than Ar.

A summary of the hardness (H) and fracture toughness (K_n) data
derived from the indentation testing is presented in Table 1. The interpre-
tation of these data in terms of the sample surface is complicated since
there are contributions from the bulk material and the 'altered' surface
state. Hardness data measured with implanted samples, largely represent
that of the bulk material. The loads used, 300 and 500 g, produced indenter
penetration depths of 2-3 microns, well in excess of the B0.2 micron
implant depths. Interpretation of the K data, which indicates
improved toughness under all implant conditions, is difficult. The effect
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of change in surface state might vary depending upon the crack generation
mechanism. At this time we will be content with a qualitative assessment of
the data. Nevertheless, the capacity of ion implantation to generate
surface compressive stress and alter crystal structure is known (2).

The A1203 data shows clear evidence of beneficial effects following
implantation of N and Ar. There is.little variation in K with
fluence implying saturation at < 10 ions cm" . Argon is the more
effective with a 50% improvement in KT_ recorded. The A1203 data shows
a very good correlation with Lankford's universal straight line (6) based on

c/a versus KIC$ ' H plots (see Figure 3), implying a
( U7a~ } ( W }

satisfactory application of the Evans-Charles equation (4). The data for
soda glass is less impressive. The largest improvements in Y. of * 15%
were recorded with N implants
with Lankford's plot

However the data showed poor correlation

Step heights measured with the N and Ar implantation of A1203 were in
the range 80-140 and 50-100 nm, respectively, and are included in Table 1.
The larger value measured with N probably results from the lower sputtering
capacity of that ion compared to Ar. We may assume that this linear expan-
sion has occurred over implantation depths of B 200 nm for Ar and K 250 nm
for N. If Al/1 ~ AV/V, then these steps represent swelling of approximately
40%. The effect of this volume change upon H and KT_ has not yet been
assessed. Since, at these fluences, swelling is most likely the result of
void formation, compaction and crack blunting roles may be conjectured.
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50 keV Dose (cm ) H (GPa) (Mpa/m) c/a v ep Height (nm)

A1203 Standard
1 x 10 N
2.5 x 10 N
5 x 10 N
10 Ar

2.5 x 10 Ar
'5 x 10 Ar
Soda Glass Standard
1 x 101 N
2.5 x 10 N
5 x 10|' N
1 x 10 Ar
2.5 x 10 Ar
5 x 10 l Ar

6.42+1.47
6.63+1.84
5.10+0.03
5.00+0.72
4.60+0.55
5.84+0.18
6.53+1.47
6.04+0.53
4.80+0.63
4.64+0.29
5.37+0.62
5.66+1.43
5.88±0.75
5.88+0.61

1.25±0.33
1.63±0.32
1.60±0.22
1.63+0.25
1.93±0.26
1.59±0.12
1.82±0.32
0.997±0.06
1.19±0.07
1.13±0.07
1.13±0.07
1.15±0.06
1.06±0.06
1.08+0.05

3.68±0.59
3.15±0.55
2.96±0.27
2.93±0.37
2.56±0.29
3.04+0.30
2.91±0.52
2.84+0.14
2.38±0.17
2.44±0.13
2.53±0.17
2.52±0.24
2.69±0.18
2.67±0.14

65±20
120+20
110±20
60±20
70±20
70+20

Table 1. Summary of hardness (H), fracture toughness (KTP) and swelling
data (step height) measured with A1203 and soda glass.



Load 15

Diamond
Indenter

Sample

Median Crack

System

Figure 1. Schematic of indentation/
median fracture crack
system produced by a
Vickers indenter in brittle
material.
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Figure 2. RBS data from
AlaOa implanted
with 5 x 1CT ions
cm~ Ar at 50 keV
( ). BACKSCAT
simulation ( )
based on assumed
Al, 0 (- • -) and Ar
concentration/depth
values.
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Figure 3. Plot of dimensionless
parameters (see
Equation 1) for AlaOs
data (Ar and N) demon-
strating validity of
application.
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