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A B S T R A C T

Hot corrosion is a serious problem in gas turbines due to poor quality fuels which contain Na, V, S and Cl. To
resolve the problem, Cr-aluminide was coated on IN-738LC superalloy with a two steps pack cementation
process. Oxidation behavior and near-surface microstructure of the coating showed consecutive increase in
destruction by exposition to Na2SO4, 75Na2SO4 + 25 V2O5 and 70Na2SO4 + 25 V2O5 + 5NaCl (wt.%). Kinetic
studies indicated parabolic corrosion rate in salt-less samples due to diffusion. Similar expression for salt-covered
samples was assessed for oxide dissolution. Plate-like, broken-plate-like and cauliflower-like morphologies at-
tributed to the corrosion products were observed after exposition to above three salts, respectively.

1. Introduction

Materials for hot section components of high-temperature gas tur-
bine such as blades and vanes face rigorous operating conditions [1].
They are exposed to a wide range of thermal and mechanical loads
[2,3]. Hot section components are exposed to a high-temperature oxi-
dizing atmosphere which contain contaminants [4]. In gas turbine, the
use of poor quality fuels containing impurities such as Na, V and S can
lead to premature degradation of high-temperature coatings by hot
corrosion during service operation [5]. The role played by chlorides,
which enter through ingressed air in oceanic atmospheres, is also im-
portant in evaluation of the degree of corrosion [6].

Ni-based superalloys are widely used in hot section components
which are subjected to high-temperature operation repeatedly over
long periods of time [7,8]. In order to obtain desired strength, creep
resistance and microstructural stability at high-temperature, Al and Cr
contents of these superalloys are kept at a reduced level. This compo-
sition leads to a sharp decline in oxidation and corrosion resistance of
the material. Therefore appropriate coatings are used to protect the
surface of underlying materials from oxidation and corrosion [3].

Diffusion coating of one or more elements such as aluminum,
chromium or silicon into the surface of the metal is practiced as a means
of protection [9]. Diffusion coatings can be applied to components
using a variety of techniques include chemical vapour deposition (CVD)

[10], pack cementation [11,12], slurry coating [13] and various forms
of gas phase coating. Pack cementation technique is widely used as a
coating method for high-temperature alloys because of its simplicity
and cost effectiveness [14,15].

Unfortunately, aluminide coatings exhibit poor behavior to hot
corrosion [16], brittleness and sensitivity to sulfur which tends to
segregate at grain boundaries while weakening the coating/protective
oxide film interface and thus leading to cracks and spallation [17]. The
presence of Cr in the coating can help to improve hot corrosion and
reduce degradation of the aluminide coating [18,19]. Pack chromizing
with sole Cr does not help, too, because it causes the formation of α-Cr
layer or graded Cr-enriched layer that both are brittle [20].

With different combinations of metal activity and the process tem-
perature three general aluminizing processes are recognized: (i) low-
temperature high-activity (LTHA), (ii) high-temperature low-activity
(HTLA), and (iii) high-temperature high-activity (HTHA) [21]. Cr-
modified aluminide coatings are applied either by co-deposition chro-
mium and aluminum or more effectively in a two-step pack process in
which pack or gas phase chromizing is followed by pack aluminizing
[19]. Two-step Cr-aluminide coatings can be applied to components
using two processes: (i) “LTHA Cr-aluminide” coatings was produced in
two steps by first chromizing followed by LTHA aluminizing, (ii) “HTLA
Cr-aluminide” coatings was produced in two steps by first chromizing
followed by HTLA aluminizing [19,22].
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