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Influence of cobalt phase on thermal shock resistance of
composites evaluated by indentation techni
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Abstract

Cobalt-coated Al,0O5 and TiC powders were prepared using an ele i resistance to thermal shock. The
mixture of cobalt-coated Al,O5 and TiC powders (about 70 wt.% ) was hot-pressed into an Al,O3—
TiC—Co composite. The thermal shock properties of the composite dentation technique and compared with the
traditional Al,O53-TiC composite. The composites containing 3.96 ited better resistance to crack propagation,
of thermal shock resistance parameters (R

o n that the incorporation of metal phase into alumina matrix can bring about improvement on
properties, including thermal shock performance [4-7]. Yet, in order to guarantee the higher hardness the
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Table 1

Thermal physic parameters of Al,O3, TiC and cobalt

Materials o (x107°K™h k (W/mK) E (GPa) v
Cobalt 12.5 100 210 0.31
TiC 7.4 22 462 0.19
Al,O; 8.8 26 380 0.26

content of metal phase is very low. The few metal phases cannot be homogeneously disperseg using

homogeneity and sinterability of composites, and consequently their mechanical i e Ehock

resistance.

Comparing with Al,O3 and TiC, cobalt possesses a unique set of thermal ph ¥ole 1), e.g.
higher thermal conductivity and lower Young’s modulus, which contributes hermal shock
resistance of Al,O3—TiC—Co composites (ATC). In the research, the ATC from the cobalt
coating powders that were obtained by a newly developed coating tec ted to improve the
mechanical and thermal shock resistance.

The thermal shock resistance of ATC composite was evalu i ench technique and parallel
reference experiments were conducted with AT composites. In i e effects of cobalt phase on

thermal shock behavior, four thermal shock parameters (R p
terms of their mechanical and physical properties.

2. Experimental procedures

2.1. Material preparation and mechanical propert

cobalt film (about 3.96 vol.%) by pod, respectively. In the chemical deposition method,
CoS04-7H,0 is reduced by NaH,P Byt cobalt on the surface of Al,O5 and TiC, respectively. The
two kinds of ceramic powder 0 wt.% Al,03—Co to 30 wt.% TiC—Co and homogenized by
ultrasonic dispersion as the, grovided by copartners of Ningbo Lingri Surface Engineering Co. Ltd.,
Zhejiang, China). Then e hot-pressed in vacuum at 1650 °C for 30 min under a pressure of
30 MPa (Model HI FUJI DENPA, Japan). As a comparison study, Al,O3;-TiC composites (about

70 wt.% Al,O5 + pared in the same sintering process. The hot-pressed bodies were cut into
before flexure strength and fracture toughness testing. Five samples were
trength or fracture toughness. The flexure strengths were measured in three-point test

, fracture toughness tests were performed by the single edge notched beam (SENB)

paku Co., Japan) using Cu Ka radiation.
2.2, Indé pon thermal shock

The indentation thermal shock technique developed by Andersson and Rowcliffe [10] was used to study the thermal
shock and thermal fatigue behavior of the materials. In this technique, the thermal shock resistance is measured by
studying the propagation of median/radial cracks around a Vickers indentation after single or repeated quenching. The
specimens for thermal shock were disk shaped, with a diameter of ~30 mm and a thickness of 3 mm (Fig. 1a), with
parallel 1 um polished surfaces. Three specimens were tested for each composite. The four indentations were made
uniformly, using a load of 294 N, on polished surfaces of each specimen. The holding time of each indentation was 5 s,
and the interval between successive indentations was 60 s. Each indentation comes into being four cracks (Fig. 1b).
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