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一种含锆高温合金与坩埚耐火材料的界面反应研究 *
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摘 要：采用浮渣试验、扫描电子显微镜及能谱分析研究了一种含 Zr 高温合金与不同坩埚耐火材料的

界面反应。结果表明，合金中的 Zr 与氧化物陶瓷坩埚发生反应生成的 ZrO2 是合金锭中浮渣的主要来源。

MgO 坩埚的热力学稳定性较 Al2O3 坩埚更低，其与 Zr 的反应更剧烈，产生了较多的 ZrO2 浮渣。坩埚的微观

结构对界面反应同样具有重要影响。当坩埚的致密度较高、表面较光滑时，产生的 ZrO2 附着在坩埚表面

形成一层致密的 ZrO2 层，阻止了 Zr 与 Al2O3 坩埚的进一步反应。而坩埚的表面较粗糙时，难以形成致密的

ZrO2 层，产生的 ZrO2 进入合金熔体形成浮渣。因此采用致密度高、组织细腻、表面质量好的 Al2O3 坩埚有

利于降低合金熔体与坩埚耐火材料的反应，减少合金锭的污染。
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Abstract：The interface reaction between a Zr containing superalloy and different crucible refractory materials was investigated
by dross test, scanning electron microscope (SEM) and energy dispersive spectroscopy (EDS). The results show that the ZrO 2
produced by the reaction between Zr in superalloy and oxide ceramic crucible is the main source of dross in alloy ingot. The
thermodynamic stability of MgO crucible is lower than that of Al 2O3 crucible, and its reaction with Zr is more intense, resulting in
more ZrO2 dross. The microstructure of crucible also has an important influence on the interfacial reaction. When the density of
the crucible is high and the surface is smooth, the generated ZrO 2 is attached to the crucible surface to form a dense ZrO 2 layer,
which prevents the further reaction between Zr and Al2O3 crucible. When the surface of the crucible is rough, it is difficult to
form a dense ZrO2 layer, and the generated ZrO2 enters the alloy melt to form dross. Therefore, the use of Al 2O3 crucible with
high density, fine structure and good surface quality is conducive to reduce the reaction between superalloy and crucible
refractory, and reduce the pollution of alloy ingot.
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高温合金以其优异的高温力学性能，良好的

抗氧化、抗热蚀性能等，被广泛应用于航空发动

机热端部件 [1 ]。在高温合金的熔炼过程中，坩埚在

1500℃以上的高温下长时间接触合金熔体，合金

中的活性元素极易与坩埚耐火材料发生界面反

应，产生的化合物会严重降低合金的纯净度 [2 ]。近

年来，高温合金成分设计得越来越复杂，对纯净

度的要求也越来越苛刻，高温合金熔体与陶瓷耐

火材料的界面反应问题逐渐显现出来，高温合金

与耐火材料的界面反应研究成为高温合金纯净
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