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Fig.1 Fracture and pattern of outer oxide film of titanium

particle during oxidation and ignition!'® ™"
(a) oxide film fracture of titanium particle at 973K
(b) pattern of fracture at 973K; (c) oxide

film fracture of 480pm titanium particle during

ignition in air
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Fig. 2 Schematics of stress distribution in oxide film of titanium particle and its fracture form

(a)heat stress; (b)growth stress; (c¢) fracture form
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Theoretical Research on Oxide Film Fracture
Behavior during Titanium Particle Ignition

MI Guang—baol’2 , HUANG Xu', CAO Jing—xia1 ,  CAO Chun-xiao'

(1. Beijing Institute of Aeronautical Materials, Beijing 100095, China; 2. National Center of Novel Materials for International Re-

search, Tsinghua University, Beijing 100084, China )

Abstract: Based on thermal self-ignition theory, in combination with theoretical analysis of the stress between oxide film and matrix
with experiment fact, the viewpoint that outermost oxide film fractured first without penetrating crack was put forward, and based on this
viewpoint, the model, studying the effect of outer oxide film fracture behavior on titanium particles ignition was established. Further,
the physical analogue experiments about titanium ignition were carried out. Research results showed that in lower temperature during
673 —1373K, titanium particles oxidized thermostatically, and oxidation kinetics curve changed into straight line from parabola due to
oxide film fracture. While in higher temperature, ignition temperature was reduced by 45K due to oxide film fracture, which had no ob-
vious effect on ignition process of titanium particles. With increasing in size of titanium particle, there was no obvious change for igni-
tion temperature of titanium particles, which was different from complete fracture of oxide film of aluminum particles. Change of stress
in oxide film made crack extension stop after the crack extended to some extent, which accelerated oxygen diffusion in inner layer oxide
film and increased ignition sensitivity of titanium particles. Non-isothermal oxidation experiments proved the theoretical research on the

effect of nonpenerative crack of outer layer oxide film on titanium ignition indirectly.

Key words: titanium fire;outer layer oxide film;fracture mechanism jtitanium particle ;ignition model ; non-isothermal oxidation



