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Abstract: Wear phenomenon primarily occurs on the surface of materials, making the localized strengthening of the
surface crucial for improving wear resistance. Typically, ceramic particles are employed as reinforcing agents to design and
create precursors. Metal matrix composites are then formed through the casting infiltration method, achieving the desired
localized strengthening. Previous studies have demonstrated that the introduction of self-exothermic powders into precursors
enhances the casting quality of composites. This paper investigates the preparation process of a cast and infiltrated
self-exothermic ceramic particle precursor, considering factors such as the type and amount of precursor binder, as well as
the dosage of self-exothermic powder. The results indicate that the occurrence of the exothermic reaction is unaffected by
the organic binder PVAL and the inorganic binder sodium silicate. However, the inorganic binder water glass is more
suitable for the cast infiltration method. The inclusion of 5% (mass fraction) powder leads to noticeable absence of powder
coverage on some particle surfaces, while a 20% dosage results in uneven mixing in the reaction layer, causing violent
exothermic reactions and the formation of more voids. The best-performing precursor is prepared using 10%(mass fraction)
Al-ZnO active powder and 1 g:1 mL sodium silicate as a binder.
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Fig.1 Raw materials for precursor preparation: (a) organic binder PVAL, (b) inorganic binder sodium silicate, (c) wear-resistant
ceramic ZTA particles
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Tab.1 Preparation of precursors for composites
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Fig.2 PVAL bonded Al-ZnO powder conformational precursors: (a) Al-ZnO 10%(mass fraction) conformational precursor, (b) Al-ZnO
20%(mass fraction) conformational precursor, (c) surface inclusions of ZTA particles, (d) Zn mapping of inclusions
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Fig.3 PVAL bonded Al-ZnO powder conformational precursors after reaction: (a) DSC curves, (b) XRD patterns, (¢) Al-ZnO 10%
(mass fraction) precursor after reaction, (d) Al-ZnO 20%(mass fraction) precursor after reaction, (e) microscopic morphology 10%
(mass fraction) precursor after reaction, (f) microscopic morphology 20%(mass fraction) precursor after reaction
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Fig.4 Sodium silicate bonded Al-ZnO powder conformational precursors: (a) Al-ZnO 10%(mass fraction) conformational precursor,
(b) Al-ZnO 20%(mass fraction) conformational precursor, (c) surface inclusions of ZTA particles, (d) Zn mapping of inclusions
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Fig.5 Sodium silicate bonded Al-ZnO powder conformational precursors after reaction: (a) DSC curves, (b) XRD patterns, (c) Al-ZnO
10%(mass fraction) precursor after reaction, (d) Al-ZnO 20%(mass fraction) precursor after reaction, (e) microscopic morphology 10%
(mass fraction) precursor after reaction, (f) microscopic morphology 20%(mass fraction) precursor after reaction
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Tab.2 Comparison of precursor binder
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Fig.6 Al-ZnO powders conformational precursors bonded with 1 g: 0.5 ml of sodium silicate with different powder contents: (a) 5%
(mass fraction) precursor before reaction, (b) 5%(mass fraction) precursor after reaction, (c) 10%(mass fraction) precursor before
reaction, (d) 10%(mass fraction) precursor after reaction, (e) 15%(mass fraction) precursor before reaction, (f) 15%(mass fraction)
precursor after reaction, (g) 20%(mass fraction) precursor before reaction, (h) 20%(mass fraction) precursor after reaction
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Fig.7 Al-ZnO powders 5%(mass fraction) conformational precursors: (a) precursors before reaction, (b) Al mapping before reaction,
(c) Zn mapping before reaction, (d) precursors after reaction, (e) Al mapping after reaction, (f) Zn mapping after reaction
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Fig.8 Al-ZnO powders 20%(mass fraction) conformational precursors: (a) precursors before reaction, (b) Al mapping before reaction,
(c) Zn mapping before reaction, (d) precursors after reaction, (¢) Al mapping after reaction, (f) Zn mapping after reaction
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Fig.9 Physical characteristics of Al-ZnO powders conformational precursors: (a) density of precursors bonded with 1 g:0.5 mL of
sodium silicate, (b) density of precursors bonded with 1 g:0.1 mL of sodium silicate, (c) crushing strength
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Fig.10 Gravity-casting ZTA/HCCI wear-resistant composites: (a) precursor reinforcing particles, (b) reinforcing particle interface,
(c) Al mapping at interface, (d) Zn mapping at interface, (e) Al linear scanning at interface, (f) Zn linear scanning at interface
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