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Phase Evolution of Ti-Al,O; Composite Refractory at 1600 ‘C Nitrogen Atmosphere

GUO Yiming, LI Yong, SUN Yang, WU Xiaofang, XU Deting, MA Chenhong, HE Xian
(School of Material Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Ti-Al,O; composite samples were prepared using sintered alumina and metallic titanium as the raw materials and phenolic
resin as the binder. The samples were placed in a graphite crucible and sintered in a carbon tube furnace at 1 600 C in flowing
nitrogen. The phase evolution of the sintered samples was analyzed. The results showed that titanium firstly reacted with nitrogen to
form titanium nitride. When the content of titanium reached 12%, it can also be fully nitrided. The titanium nitride formed was mostly
a flaky structure, and the rest was whisker-like. A small amount of carbon monoxide in nitrogen atmosphere can diffuse into the
sample, and form a stable titanium carbonitride solid solution. For samples with 3% titanium, the strength of the sample with 3%
graphite decreased by 50%. Similar titanium carbonitride solid solution was formed in Ti—Al,0; samples with and without graphite.
AlsOgN was found in the corundum sample, but not in Samples with titanium. Alumina can exist stably in the Ti—Al,O3 samples with
metal titanium added. The phase evolution mechanism model of Ti-Al,O; samples was established.
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Table 1 Ratio of raw materials

Mass fraction/%

A B C D E F

Raw material Particle size/mm

Sintered alumina 5.000-3.000 10 10 10 10 10 10
Sintered alumina 3.000-1.000 40 40 40 40 40 40
Sintered alumina 1.000-0.000 15 15 15 15 15 15
Sintered alumina 0.044 35 32 29 29 26 23
Metal Ti 0.044 0 3 6 3 9 12
Graphite 0.074 o 0 0 3 0 0

Phenolic resin Liquid 3.5 3.5 35 35 35 35
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Table 2 Properties of samples

Apparent Bulk Cold crushing
Samples . . =
porosity/% density/(g-cm ) strength/MPa
A 232 2.90 39
B 16.3 3.15 140
C 21.8 3.02 65
D 17.4 3.04 71
E 214 3.01 68
F 24.4 3.01 62
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(a) XRD pattern of Samples
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Fig. 1 XRD pattern of samples sintered at 1 600 ‘C in nitrogen
atmosphere and enlarged pattern at 41.7°-42.8°

(b) Enlarged pattern
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Fig. 2 XRD pattern of sample B and Sample D sintered at

1600 °C in nitrogen atmosphere and enlarged pattern at
41.7°-42.8°
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Fig. 3 Comparison of the intensity ratio of the major peak of
titanium carbonitride and alumina

(f) Sample F
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Fig. 4 SEM photographs of samples sintered at 1 600 ‘C in nitrogen atmosphere
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Fig. 5 SEM photograph of sample B sintered at 1 600 C in
nitrogen atmosphere
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Fig. 6 SEM photograph of sample E at 1 600 C in nitrogen
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