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Many mechanisms explaining the beneficial effects of reactive elements have
been proposed in the literature, but their role in many alloys has not yet been
thoroughly evaluated. The effect of reactive elements on the high temperature ox-
idation properties of MCrAl alloys, where M is Ni, Fe or Co, are reviewed criti-
cally. The focus of the study was to evaluate the possible models which can ex-
plain the beneficial effect of these elements on high temperature oxidation behav-
ior ; in particular, the change of the oxide growth rate and the adherence of the
protective scale. The oxide scale adherence mechanisms discussed include : the
oxide pegging, the vacancy sink, the sulfur getter, the lateral growth, the mobile
interface and the columnar to equiaxed transition models. The oxide growth mech-
anisms discussed include : the transport, the oxide particle refinement, the forma-
tion of blocking layer, the short-circuit diffusion, the doping effect, the misfit
dislocation and the grain boundary segregation models.

Keywords : high temperature oxidation, reactive element, protective scale, chromia,

alumina.
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2.2.1.1 Oxide pegging model
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2.2.1.2 Vancancy sink model
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2.2.1.3 Sulfur getter model
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2.2.1.4 Lateral growth of oxide model
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2.2.1.5 Mobile metal/oxide interface model
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2.2.1.6 Columnar to equiaxed transition model
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2.2.1.7 Enhanced scale plasticity
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Fig. 1. Schematic representation of the micro-
structures of Cr,Oj3 scale formed on yttrium-free
and yttrium-implanted Co-45Cr in the initial stag-
es and after 25h at 1000°C in pure O,. In both
cases, a very thin, fine-grained film(<{50 nm grain
size) forms on the alloy during the initial stage of
oxidation, (a). In the absence of yttrium (b), the
initially formed grains grow and large columnar
grains develop at the scale/gas interface. In the
presence of a high dose of yttrium (¢}, the initially
formed grains remains very fine, and a fine-

grained scale grows at the alloy/scale interface.'”
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Fig. 2. Schematic representation of the differenc-
es in the mode of transport of Cr through chromia
scale formed on (a) Y-free alloy, and (b) Y-bear-
ing alloy.
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2.2.2.1 Transport model
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Fig. 3. SIMS profile for Cr,03 formed on (a) pure
Cr, and (b) Y-implanted Cr.'®
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2.2.2.2 Oxide particle refinement model
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Fig. 4. Schematic diagram illustrating how dispersoid oxide particles, by acting as nucleation sites for the

first-formed oxide, accelerate the approach to steady state and reduce the amount of nickel-containing ox-

ides in the oxidation of Ni-20Cr (a) without and (b) with 2~3% (by volume) dispersed oxide particles.
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2.2.2.3 Formation of blocking layer model

Giggins ¢} Pettit= 2% ThO,& 2443 Ni-
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Fig. 5. Schematic diagram of the model for the oxi-
dation of TDNIC. (a) A thin layer of Cr;0; is
formed via the outward diffusion of Cr, and the
alloy-Cr,0; interface becomes filled with agglomer-
ates of ThO, particles. (b) The ThO, agglomerates

prevent the movement of Cr from the alloy and the
CryO; dissociates. Cr;O0; is formed beneath the
ThO, agglomerates by the diffusion of oxygen
through these particles. (¢} The Cr,0; formed be-
neath the ThO, by the dissociation reaction be-
comes joined to the external scale upon continued
growth of this type of Cr,O3 as well as growth of
the external scale. (d) The inward growth mode
that is caused by the agglomerated ThO, particles
and the outward growth mode resulting from the
diffusion of Cr in Cr,0; produce a two-zoned Cr,0;
scale. (e) Portions of the outer zone are removed
by the formation of CrO;. (f) After long periods of
oxidation virtually all of the outer zone is removed
by the vaporization reaction. The ThO, particles in
the Cr,03 decrease the oxidation rate by decreasing
the cross sectional area of Cr,0O3; available for the

transport of Cr.3¢
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2.2.2.5 Doping effect model
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2.2.2.6 Misfit dislocation model
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2.2.2.7 Grain boundary segregation model

o] =& %7| oxide particle refinement model
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