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Abstract

High–temperature fracture strength and compressive creep of an

electrodischarge–machinable composite, ~203–30.9 vol.% Sic whiskers–23

vol.% TiC particles have been studied to 12000C and 14500C, respectively, in

inert atmosphere. Microstructure of fractured and deformed specimens were

examined by scanning and transmission electron microscopy. Fast fracture

occurred at T < 1200°C. Steady–state creep was achieved for T > 1350°C at
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stresses e 80 MPa, with the rate-controlling mechanism being partially

unaccommodated grain-boundary sliding, with a stress exponent of =1 and an

activation energy of =470 kJ/mol.

1.Introduction

Significant improvements in strength, toughness, and creep resistance of

ceramic materials have been achieved in the past decade. This is particularly

true for ceramic–matrix composites [1], for which SiC–whisker–reinforced

A120 s–based composites have become a classic system and the object of

extensive study [2-5]. High machining costs for complex parts have limited

use of these composites and, therefore, they have not found wide-spread

application despite their uniquely favorable properties, such as low density,

chemical and

recently been

step towards

thermal stability, and mechanical durability. A composite has

developed with sufficiently high electrical conductivity to take a

the possible realization of the goal of wider commercial usage.

TiC particles are added to A1203 powder and SiC whiskers to produce an

electrodischarge-machinable ceramic composite [6]. These composites are

semimetals with high electrical

Laboratories in Spain, Russia,

have extensively characterized

conductivity [7,81.

and the U.S.A., under the auspices of NATO,

the microstructural and mechanical properties

of this new ceramic composite with a goal of determining processing paths

and microstructure that will yield conducting composites with further

improved mechanical properties. Previous work on A1203–SiC (whisker)-TiC

(particle) composites (AISiTi) dealt with microstructure and room–

temperature mechanical properties, such as fracture strength, fracture
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toughness, microhardness, elastic modulus, and response to solid–particle

erosion [8,9]. Summarizing the earlier findings: AISiTi has an elastic

modulus at room temperature of 410 GPa, microhardness values of 9.6-20 GPa

(depending on whether the indentor was centered on a TiC particle or not), and

an indentation fracture toughness (KIc) of 9.6 MPa(m)o.s. Micro cracking is

thought to be the most important toughening mechanism operating in this

composite. Three and four–point bending strengths of AISiTi were 825 and

680 MPa, respectively. Tensile surfaces were, however, not polished. High–

temperature compressive creep of this composite has been investigated at

1350-1450”C in inert atmospheres [10]. The creep resistance is good and, at

lower stresses, deformation occurs by partially unaccommodated grain–

boundary sliding.

High–temperature mechanical properties play an important role in

development and implementation of practical applications of ceramic

composites because many of the potential applications are at elevated

temperatures. Therefore, this work is aimed at measuring the high–

temperature fracture strength and creep response of an AISiTi composite.’

Additionally, the elastic modulus was measured to 1000”C.

2 Experiments

A commercial composite (CRYSTALOY 2311EDX) fabricated by hot–pressing

at 1700-1800”C a mixture of 30.9 vol.% SiC whiskers, 23.0 vol.% TiC powder,

and balance A1203 was examined [6]. Optical micrographs of the SiC whiskers

and a surface polished perpendicular to the hot-pressing direction are shown

in Fig. L The material is =99% dense. Comparison of the initial (Fig. la) and
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final whisker lengths (Fig. lb) indicated that considerable damage to the SiC

whisker occurred during processing. X–ray diffraction indicated strong TiC

and Ala03 peaks and weaker SiC peaks.

Bend–bar samples 2.5 x 3.8x 38 mm or 2.5 x 3.0 x 38 mm were cut with a slow–

speed diamond saw. Bar edges were chamfered and each tensile surface was

ground with l-~m diamond paste. Strength tests were performed at a

crosshead velocity of =1.3 mm/min in an Instron Model 1125 [11]. Room–

temperature tests were conducted in air with steel tooling, inner load span of

9.5 mm, outer load span of 23.8 mm. High–temperatures tests were conducted

in Ar with Ala03-SiC whisker tooling [5], inner load span of 9.9 mm, outer

load span 17.6 mm. The elastic modulus was measured by a resonance

frequency method [12].

For creep, parallelepipeds =5 x 2 x 2 mm were cut and the compression

surfaces were polished to be flat and parallel. Specimens were deformed at

1350–1450°C under uniaxial compression in the direction of the longer axis.

The low–stress range was studied in Ar with a constantiload (CL) creep

apparatus [13]; higher stresses and strain rates were studied in high-purity

Na at approximately constant strain rate (CSR) [11].

Microstructural features of both undeformed and deformed specimens were

examined by X–ray diffraction, scanning electron microscopy (SEM), and

transmission electron microscopy (TEM). SEM samples were prepared by

polishing the composite to a l–pm finish and coating with carbon. TEM foils

were prepared by grinding, dimpling, and ion–milling. Preparation of TEM

4

. .... ——--.--.-mm. .. . ., -.--m ... .. ... . ... . —..=._.. ___________... __.=..



.

,-

foils was complicated because the TiC particles proved to be very difficult to

thin by ion–milling. TEM results have been described [101.

3. l%emlts and Discussion

3.1. Elastic ModuhIs

Variation of Young’s modulus (E) with temperature is shown in Fig. 2. The

value of E at room temperature for the composite was approximately 2.5%

higher than E for pure A1203 [14].

was 8.5 x 10-5 ‘C-1, almost equal to

the same temperature range [14].

to have had little effect on E.

The value of I/E (dE/dT) from 25 to looo”c

the value of 8.3x 10-s ‘C-1 found for Alz03 in

The SiC and TiC additions, therefore, seem

392. Fracture strength

Fracture strength is plotted as a function of temperature in Fig. 3. The

strength of 440 MPa measured at room temperature is considerably lower than

that reported previously [9]. Fractures originated at processing flaws. The

discrepancy between these measurements performed on polished samples and

our previous measurements must reflect variability in processing or sample

preparation and will require further investigation. Strength was virtually

independent of temperature to 1000”C, but decreased slightly at 1200°C, which

is probably the limit of practical use of this material because creep could be

excessive at higher temperatures. Surfaces of samples fractured at room

temperature (Fig. 4a) and 1200°C (Fig. 4b) indicate that fracture WaS a

combination of intergranular and transgranular.

5
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3*39creep

A standard creep equation [15] was used to analyze the results:

&= AOn exp(–Q/RT), (1)

where & is the strain rate, a is the stress, R and T have their usual meanings,

and A is constant. The parameters n,

activation energy, are related to plastic

various models [13,15].

Figure 5 shows a log–log plot of strain rate

At 1400”C, the maximum stress in the CL

the stress exponent, and Q, the

deformation mechanisms through

vs. stress for five different samples.

tests was =80 MPa; stresses in the

CSR tests were 150–540 MPa. The low–stress regime (e 80 MPa) can be

characterized by a stress exponent =1.0 A 0.3, which is typical for diffusional

creep of monolithic fine-grained polycrystalline ceramics [16]. On the other

hand, the high–stress regime showed an important degree of sample to

sample variability, due to the formation of macroscopic damage [10]. The

activation

1450”C.

SEM and

energy was determined to be =470 kJ/mole at 23 MPa and 1350-

TEM revealed that cavitation occurred, especially at the higher

stresses. Little dislocation activity was observed in TEM in the samples before

or after deformation [10]. The TiC particles appeared to remain intact

throughout the plastic deformation process and can therefore be considered as

rigid inclusions.
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A stress exponent of= 1 for lower stresses, microstructural observations that

cavities formed during plastic deformation, and absence of dislocation activity

can be related to a mechanism that involves grain-boundary sliding, but for

which the sliding was not fully accommodated by diffusion [17]. Creep

resistance for the AISiTi composite might be improved by inhibiting grain–

boundary sliding, which could be achieved by adding more of a rigid

reinforcing phase or by preserving more of the initial SiC whisker length.

The creep resistance of the AISiTi composite is comparable to that of other

whisker-reinforced ceramic composites with similar grain size (A1203 grain

size = 1 pm). A comparison with creep of &@3-30 vol.% Sic whisker [18] and

a &O&5.5 vol.% Zroz particl~28 vol.% Sic whisker [19] composites is shown

in Fig. 6. At lower stresses, in the n = 1 region, all composites creep at about

the same rate, whereas the AISiTi shows more creep resistance and damage

tolerance at the higher stresses.

4. summary

The strength of an Al@a–30.9 vol.% SiC (whiskers)-23 vol.% TiC (particles)

was independent of temperature to 1000°C, but decreased slightly at 1200°C.

The fracture mode, a combination of transgranular and intergranular, was

unaffected by temperature. At temperatures > 13500C, steady–state creep was

achieved. At stresses below 80 MPa, creep occurred by partially

unaccomxnodated grain-boundary sliding, with a stress exponent of =1 and an

activation energy of =470 kJ/mole.
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Figure captions

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.
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Optical photomicrographs of (a) SiC whiskers and (b) AISiTi composite.

Variation of E as a function of temperature.

Four–point-bend fracture strength as a function of temperature.

SEM photomicrographs of fracture surfaces at (a) room temperature

and (b) 1200°C.

Creep results from five AISiTi samples; each symbol represents

different sample.

a

Creep data at 1400°C from this work (triangles) compared with creep of

AIzOS–30 vol.% Sic whisker (dashed line) and @@s-5.5 vol.% Zroz

particl+28 vol.% SiC whisker (solid line) composites.
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Figure 1. Optical photomicrographs of(a) SiC whiskers and (b) AISiTi composite.
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Figure 2. Variation of E as a function of temperature.
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Figure 3. Four–point–bend fracture strength as a function of temperature.
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Figure 4. SEM photomicrographs of fracture surfaces at (a) room temperature

and (b) 1200°C.
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Figure 5. Creep results from five AISiTi samples; each symbol represents a

different sample.
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