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Abstract

The influence of additive content on the microstructural development of hot-pressed and heat-treated LPS—SiC has been investigated using
AIN-Y ,03 mixtures at a molar ratio of 80:20, varying the total amount from 5, 10, 15 to 20 wt.%. Specimen were hot-pressed@fdro00
1hin nitrogen atmosphere under an applied pressure of 25 MPa and subsequently heat-treate€ab200@, 4 and 8 h.

It has been found that the transformation ratesofnto a-SiC is retarded by higher AIN-contents and the formation of theo6HIC
polytype is favored. Furthermore, grain growth during annealing is also effectively inhibited. While hardness remained almost unchanged,
fracture toughness varied with additive content and/or duration of the heat-treatment. Fracture toughness increased during the first 1 or 2h
of annealing,depending on the AIN-content, and diminishing for more prolonged treatments. The maximum fracture toughness has been
determined for samples containing 10 wt.% of additives, hot-pressed and annealed during 1 h.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction An innovative approach to solid-state sintering of SiC has
been initiated in the 1980s by Omori and Takeiho sin-
Silicon carbide is a compound of relatively low density, tered SiC to high densities via liquid-phase sintering using
high hardness, elevated thermal stability and good thermal Al,O3 and Y>O3 as additives. Since then a growing interest
conductivity, resulting in good thermal shock resistance. for liquid-phase sintered SiC ceramics is noted, because this
Because of these properties, SiC materials are widely usedype of material offers the opportunity of increasing fracture
as abrasives and refractories. toughness by controlling the microstructdré? In general,
However, it has not been possible to sinter SiC to theoret- the microstructural control is achieved making use ofihe
ical density without additives or external applied pressure, to «-SiC phase transition. The formation of platelet shaped
because of its covalent bonding character. The conven-«-SiC grains is thereby influenced by thé3-SiC ratio of
tional densification route of SiC via solid-state sintering the starting powders, the additive system beside the sinter pa-
using small quantities of B or Al and C or compounds rameters temperature, time and atmosphere. Fracture tough-
thereot ™3 is widely applied today to produce components ness values of 6-7 MRg@n have been reported, signifying
on a commercial base. The driving forces for densification an almost 100% increase when compared to solid-state sin-
are volume and surface diffusion which are enhanced by tered SiC ceramics.
the addition of boron and aluminium. In order to increase  Rixecker et a2 investigated the pressureless sinter-
the diffusion coefficient, sintering temperatures in the range ing with oxynitride additives, starting from AIN-O3 pow-
of 2050-2200C are applied. der mixtures. They report that using AIN as additive and
a nitrogen sintering atmosphere the weight loss during sin-
tering can be effectively minimized, because the decompo-
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duces the sintering rates and also hindersphéo «-SiC 1004
transformationt:*16

This work investigates the influence of the AINO3
additive content on thed to «-SiC phase transition in
hot-pressed and heat treated LPS-SiC ceramics, on theg
microstructure and its influence on fracture toughness and$
hardness.
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2. Experimental procedure 207

Cumulative mas

Powder batches were produced usifeSiC powder 0
(Grade B10, H.C. Starck), with an average particle size of
0.79um and a specific surface area of 13 The addi-
tives were AIN (Grade C, H.C. Starck) andb@3 (Grade Fig. 1. Particle-size distributions of attrition milled powder batches.
Fine, H.C. Starck) with average particle sizes of 1.05 and

1.07um and specific surface areas of 7 and Fignre- types was conducted using a programme based on the work

spectively. Furthermoreq-SiC powder (FCP-15, Norton, ¢ py;ska and Gauckléf. For computation the intensities of
AS) was used. Four powder batches were prepared, eacqhe peaks at@33.7, 34.2, 34.9, 35.7, 38.2 and 41\6ere
containing 1wt.% ofa-SiC to act as seeds. The additive determined.

content varied from 5, 10, 15 to 20 wt.% of the total mix-
ture, maintaining a constant molar ratio of AIN®3 of
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Hardness was determined by Vickers indentation under
_ T ) i a load of 9.81 N. The fracture toughness was calculated by
80:20. The compositions prepared are listedable 1 the length of the cracks originating from the edges of the

Mixing was performed by attrition milling using $Ma  jhqentation marks, using the equation described by Niihara
balls as grinding media and isopropylic alcohol as vehicle. et all8:

After mixing, the powder batches were dried in a rotary

evaporator, crushed and screened through a 325 mesh sieve, E \% c -0.5

After attrition milling, the powders had almost identical par- K, = 0.018HVVa HV x (; N 1) (1)
ticle size distributions (se€ig. 1), with average particle .

sizes of 0.66um. whereK |, is the fracture toughness of the materldy the

Samples were hot-pressed at 1900or 1 h under an ap- Vickers hardnesd;: the Young's modulus (for LPS-SIC a
plied pressure of 25 MPa in nitrogen atmosphere. The heat-Value of 400 GPa was assumechhe crack length and a the
ing rate was 10C/min and the cooling rate about 20/min, half indentation diameter.
until the inertia of the furnace prevailed. The final shape of
the hot-pressed samples were discs of approximately 25 mm
diameter and 7 mm height. Samples were cut from the discs3. Results and discussion
and further heat-treated at 2000 under 0.2 MPa flowing
nitrogen atmosphere during 1, 2, 4 and 8 h. Bulk densities All samples reached final relative densities higher than
were measured by the Archimedes’ method. Observation 98.5% t.d. after hOt-preSSing. A Sllght decrease of the relative
of the microstructural deve|opment has been performed by densities of the further heat-treated SampIeS was observed
scanning electron microscopy on fracture surfaces and p0|_With increasing duration of the treatment, but limited to less
ished and plasma etched surfaces. The phase compositiothan 0.5% for all compositions studied.
of the hot-pressed and heat-treated samples was determined Fig. 2shows fracture surfaces of the hot-pressed samples.
by X-ray diffraction of crushed specimen using Cu-Ka- While the overall grain sizes remained very fine for all com-
diation, a step width of 0.01with an exposure time of 5s  positions investigated, it can be noted that the grain sizes

per position. Quantitative phase analysis of the SiC poly- decrease with increasing additive content. Furthermore, the
grain shape remained globular, only sample A80-5 exhibits

some hexagonal, platelet like shaped grains, indicating that

Table 1 under the hot-pressing conditions, 19@ during 1h un-
Designation and composition of powder mixtures der nitrogen atmosphere, thie to «-SiC phase transfor-
Sample B-SiC a-SiC AIN Y503 mation did not occur and that high AIN-contents retard the
designation (wt.%) (wt.%) (wt.%) (wt.%) phase transition, in agreement with observations published
A80-5 94 1 2,103 2897 by Nader et af.

A80-10 89 1 42,065 57,934 With increasing duration of the heat-treatment, grain
A80-15 84 L 63,099 86,901 growth occurs, as demonstrated Fig. 3, using speci-
A80-20 79 1 84,130 115,868

men of composition A80-10 as example. Furthermore, the
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