
ABSTRACT. Single-pass welds and multi-
ple-pass cladding of Fe-Al alloys were
deposited on carbon steel substrates
using the gas tungsten arc and gas metal
arc welding processes. The effect of alloy
composition on cold cracking suscepti-
bility was assessed using a dye penetrant
technique. The high-temperature (600°C)
sulfidation behavior of low-Al alloys
(5–10 wt-% Al), which exhibited good
weldabilty, was examined using a ther-
mogravimetric balance in a moderately
reducing 0.1% H2S–3.0% H2–bal. Ar gas.
Microstructural characterization was
conducted by light optical microscopy,
scanning electron microscopy, electron
probe microanalysis and Knoop hard-
ness testing. By varying the welding pa-
rameters, a range of dilution levels was
achieved that resulted in fusion zone
compositions with 3–30 wt-% Al. Under
these processing conditions, cracking of
the Fe-Al cladding is directly related to
the aluminum concentration within the
deposit. Cracking of the cladding was
seen to have occurred by both inter- and
transgranular modes for deposits con-
taining greater than 10 wt-% Al. Below
this composition limit, cracking did not
occur. According to the Fe-Al phase dia-
gram, this composition indicates the mi-
crostructural transition from the single-
phase region of disordered solid solution
(α) to the two-phase region of α + or-
dered Fe3Al. The ordered structures of
Fe3Al and FeAl have been found to be
more susceptible to environmental em-
brittlement, which has been seen to be
the source of the cladding cracking prob-
lem. In terms of sulfidation behavior, al-
loys containing 5–10 wt-% Al exhibited
corrosion rates significantly lower than
carbon steel and 304 stainless steel. The

results of this work indicate that Fe-Al
cladding containing 5–10 wt-% Al shows
potential promise for applications requir-
ing a combination of weldability and sul-
fidation resistance in moderately reduc-
ing environments.

Introduction

Intermetallic iron aluminide alloys
based on the ordered structures of Fe3Al
and FeAl show excellent resistance to ox-
idation and sulfidation in highly aggres-
sive environments (Refs. 1–8). This out-
standing resistance has been attributed to
the formation of a dense, adherent sur-
face scale of aluminum oxide (Al2O3) that
is stable under a wide range of environ-
ments. In order to utilize their excellent
corrosion resistance and avoid problems
due to poor high-temperature strength
(Ref. 1), the use of iron aluminide
cladding has been considered. Recent
work (Ref. 2) suggests that Al levels
should be greater than approximately 9.6
wt-% for severely reducing environments
(e.g., 800°C, PS2 = 10-6 atm, PO2 = 10-22

atm ). In spite of the potential protection
offered, these compositions have been
seen to be susceptible to hydrogen (cold)
cracking (Refs. 9–11) subsequent to de-
position. A direct correlation between
the severity of embrittlement and the
amount of aluminum in the alloy (Refs.
12–14) has been observed, specifically
when the composition resides in the or-

dered regions of the Fe-Al phase diagram.
Recent investigations (Refs. 10, 15) have
cited the use of preheat and postweld
heat treatments (PWHT) to alleviate
some of the hydrogen cracking problem,
thus allowing for higher aluminum con-
tent cladding to be deposited crack free.
Regardless of these improvements, the
use of such extensive treatments is usu-
ally not possible when coating large-
scale structures. However, applications
exist in which the corrosion environ-
ments are not as severely reducing and
lower Al contents, which exhibit good
weldability, may provide useful protec-
tion. A typical example includes the wa-
terwall structures of coal-fired boilers op-
erating with low NOx burners (Refs.
16–18). These units often require
cladding areas reaching up to 4000 ft2

where application of preheat and PWHT
are not possible. These units operate
under a moderately reducing environ-
ment where low Al cladding may provide
adequate protection. Successful substitu-
tion of currently used stainless steel and
Ni alloy cladding by Fe-Al cladding
would be accompanied by reduced cost
and elimination of the brittle martensitic
region that develops in the partially
mixed zones of the cladding presently in
use (Ref. 19). Thus, the objectives of this
research are to investigate the weldabil-
ity and sulfidation resistance of Fe-Al
cladding in order to identify cladding
compositions that offer a combination of
good weldability and corrosion protec-
tion in mildly reducing environments.

Experimental Procedure

The cladding was produced using the
gas tungsten arc (GTA) and gas metal arc
(GMA) welding processes. For the GTAW
process, a filler metal of commercially
pure aluminum wire was directly fed into
the weld pool. The substrates were A285
Grade C steel, 6 mm thick x 152 mm
wide x 305 mm long. The filler metal feed
speed and current were varied to pro-
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duce different aluminum
concentrations in the
cladding. A constant
travel speed of 2.0 mm/s
was used for all GTAW
experiments. Single- and
multiple-pass deposits
were produced under
identical processing para-
meters using argon shield-
ing gas. For the GMAW
multiple-pass welds, a
range of values for elec-
trode tip-to-plate dis-
tance, electrode feed
speed and travel speed
was used. The electrode
tip-to-plate distance was
varied in order to induce
current variations within a
fixed electrode feed
speed. Two aluminum-
cored, steel-sheathed

wires with different amounts of alu-
minum (13 and 27 wt-%) were used as
the consumable electrodes, and a shield-
ing gas of Ar-2% O2 was utilized. To sim-
ulate the external constraint encountered
during welding, the steel plates were re-
strained by bolts placed in each of the
four corners. Preheat and postweld heat
treatments were not conducted, but an
interpass temperature for the multiple-
pass welds was maintained between
300° and 350°C. A dye penetrant tech-
nique was used to assess cracking of the
cladding.

Samples were removed from the
cladding using an abrasive cutoff wheel,
mounted in cold-setting epoxy and pol-
ished to a 0.04-µm finish using colloidal
silica. The samples were etched in a solu-
tion of 60 mL methanol, 40 mL nitric acid
and 20 mL hydrochloric acid. Mi-
crostructural characterization was per-
formed using light optical microscopy
(LOM) and scanning electron microscopy
(SEM). Electron probe microanalysis
(EPMA) was conducted on a JEOL 733 Su-
perProbe equipped with wavelength dis-
persive spectrometers. The accelerating
voltage and probe current were 15 kV and
15 nA, respectively. Kα X-ray lines were
analyzed and counts converted to weight
percentages using a φ (ρz) correction
scheme. Knoop hardness measurements
were made with a LECO hardness tester
using a load of 100 g held for 15 s.

To simulate various cladding compo-
sitions and simultaneously provide bulk
samples for corrosion testing, cast iron-
aluminum alloys were produced by arc
melting high-purity components under
argon and drop casting into a water-
cooled copper mold. Based on the weld-
ability results, alloy compositions of 5,
7.5 and 10 wt-% Al were prepared. The
use of cast samples to study the sulfida-
tion behavior of cladding is based on pre-
vious work that has shown that the cor-
rosion behavior of Fe-Al cladding could
be explained on the basis of what was
known from cast alloys of equivalent
composition (Refs. 6, 7). 

High-temperature sulfidation corro-
sion behavior was characterized by use
of a Netsch STA 409 high-temperature
thermogravimetric balance that mea-
sured weight gain as a function of time.
Corrosion samples were ground to 600
grit with silicon carbide papers and ul-
trasonically cleaned before being placed
in the balance. The samples were heated
at a rate of 50°C/min and isothermally
held at 600°C for 50 h in a mixed gas
consisting of 0.1% H2S-3.0% H2-bal. Ar
(by volume). This H2S content is similar
to that recently measured in coal-fired
power plants operating with Low NOx

burners (Refs. 16–18). The oxygen partial
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Fig. 1 — Sample matrix of single-pass welds produced by GTAW.
Each box represents a sample deposited at that processing con-
dition and was subsequently labeled as cracked or no crack.
Numbers to the right of the cracked data points signify the num-
ber of cracks that occurred, with M being more than 15. The
numbers to the left denote the wt-% of aluminum in the deposit.

Fig. 2 — A — Typical columnar microstructure of GTAW cladding; B —  cracking is seen to occur
by both inter- (I) and transgranular (T) modes; and C — cracking is arrested at the weld interface.

A B

C

Fi
lle

r 
m

et
al

 fe
ed

 s
pe

ed
 (

m
m

/s
)



pressure, as determined by a solid-state
oxygen cell, was 10–28 atm, and the sul-
fur partial pressure was calculated to be
10-9 atm. After exposure, samples were
cooled to room temperature at a rate of
20°C/min. Microstructural characteriza-
tion of the corrosion samples was per-
formed using scanning-electron mi-
croscopy (SEM) and energy dispersive
spectrometry (EDS).

Results and Discussion

GTAW Single-Pass Deposits

A sample matrix was produced to ob-
tain a wide range of aluminum contents
and determine the maximum amount of
aluminum that could be tolerated in the
cladding without cracking. Filler metal
feed speeds between 10 and 50 mm/s
were used while the current was varied
between 250 and 300 A in 25-A incre-
ments. Voltages averaged around 14.5 V.
Single-pass welds were first deposited to
ensure that the microstructure and com-
positions of the cladding were not com-
plicated by overlapping passes. Figure 1
shows the experimental matrix of the sin-
gle-pass deposits. The energy input was
calculated using an arc efficiency of 0.67
for the GTAW process (Ref. 20). Each
data point represents a cladding de-
posited and is labeled as either cracked
or not cracked. For those that cracked,
the number of cracks that occurred are
located to the right of the symbols, with
M signifying more than 15. The numbers
to the left of the symbols denote the
amount of aluminum in the deposit (in
wt-%) as measured using EPMA. The
samples located near the crack/no crack
boundary exhibited reproducible crack-
ing tendencies. Cracking of the welds
was observed to occur soon after solidi-
fication as well as days after depositing
the cladding. 

All of the deposits produced with this
range of processing conditions exhibit
coarse columnar microstructures — Fig.
2A. Cracking of the cladding was both
inter- and transgranular — Fig. 2B. As
shown in Fig. 2C, cracks in the deposits
never propagated into the underlying
substrate, but appear to be arrested at or
near the interface. Composition traces
across the columnar microstructures of
three deposits prepared at a constant en-
ergy input and varying filler metal feed
speeds are shown in Fig. 3. The size of the
partially mixed zone (PMZ) is seen to in-
crease as the nominal aluminum content
of the weld increases. A typical compo-
sition profile acquired across a single
grain is shown in Fig. 4. These results
show that, beyond the PMZ, the deposits
exhibit a uniform distribution of alloying

elements. These results
indicate that good mix-
ing occurs beyond the
PMZ and that localized
concentration gradi-
ents, which typically
develop due to mi-
crosegregation, are
eliminated during so-
lidification and post-
solidification cooling.
The elimination of lo-
calized concentration
gradients, as seen in
Fig. 4, can be attrib-
uted to the relatively
high diffusivity of Al in
the BCC structure of
disordered solid solu-
tion (α).

The size of the PMZ
generally increases
with increasing filler
metal feed rate. This in-
dicates that the thick-
ness of the stagnant
boundary layer near
the weld interface in-
creases as the filler
metal feed rate in-
creases. However, be-
yond this point, the
composition is uni-
form. For cladding with
Al contents below 10
wt-% that exhibit good
weldability, the par-
tially mixed zone is
small compared to the
deposit thickness.
These results are signif-
icant because they in-
dicate there should be
no regions near the
surface of the deposits
that are Al depleted;
thus, there should be
no regions susceptible
to localized corrosion. 

Figure 5 shows a
typical Knoop hard-
ness trace across the
weld interface of an Fe-
Al alloy. No significant
spike in hardness oc-
curs near the weld in-
terface indicative of a
brittle interface layer,
as commonly seen
with stainless steel and
nickel-alloy cladding
(Ref. 19). During depo-
sition of the super al-
loys, a composition
gradient between the
base metal and weld
metal may form, lead-
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Fig. 3 — Composition EPMA traces through single-pass GTAW de-
posits. A — Traces were conducted perpendicular to the
deposit/substrate interface. The size of the partially mixed zone
(PMZ) is seen to increase as the nominal aluminum content of the
weld increases; B — 5.5 wt-% Al; C — 12.3 wt-% Al; D — 28.4 wt-
% Al.
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ing to complex microstructures close to
the weld interface. With relatively high
cooling rates, the formation of a marten-
sitic layer, which is high in strength and
low in ductility, is often observed in this
area. Gittos and Gooch (Ref. 19) ob-
served that this hard zone cracked during
side bend tests, thus lending the possibil-
ity of the brittle interface layer being sus-
ceptible to cracking under thermal cy-
cling conditions. 

Figure 1 shows that the amount of alu-
minum in the deposit decreases with in-
creasing energy input and decreasing
wire feed speed. This trend is readily ex-
pected and can be interpreted based on
the simple energy balance dilution
model recently proposed by DuPont and
Marder (Ref. 20). The dilution is essen-
tially controlled by the relative melting
rates of the filler metal and substrate. For
a fixed filler metal feed rate (melting rate),
the dilution increases (i.e., amount of Al
decreases) with increasing energy input.
In this case, the extra energy cannot be

absorbed by the filler
metal if the filler metal
feed rate is fixed, so the
substrate absorbs the
extra energy. This re-
sults in an increase in
the melting rate of the
substrate and a con-
comitant increase in di-
lution. Conversely, for
a given energy input,
an increase in the filler
metal feed rate results
in a decrease in dilu-
tion (i.e., higher Al).
Here, the filler metal
consumes a larger por-
tion of the total energy
input and less energy is
available to melt the
substrate. As a result,
the substrate melting

rate decreases and dilution is reduced.
Figure 1 shows that a dilution level re-
sulting in approximately 10 wt-% Al in
the cladding represents a boundary con-
dition. Processing conditions below this
boundary produced cladding with less
than 10 wt-% Al that did not crack under
the current set of conditions, while
cladding produced with parameters
above the boundary exhibited greater
than 10 wt-% Al and were susceptible to
cracking. 

Previous studies (Refs. 9, 10) have
shown that iron aluminide cladding with
ordered structures (i.e., Fe3Al and FeAl)
are susceptible to hydrogen-induced
(cold) cracking due to environmental em-
brittlement enhanced by residual stresses
from welding. Intrinsically, bulk iron alu-
minides have been observed to be quite
ductile when tested in vacuum or dry
oxygen atmosphere at room temperature
(Refs. 21–24). However, the ductility dra-
matically decreases when tested in at-

mospheres containing moisture. This is
attributed to environmental embrittle-
ment involving hydrogen generated from
the chemical reaction between alu-
minum and water vapor (Ref. 25):

2Al + 3H2O → Al2O3 + 6H+ + 6e- (1)

The atomic hydrogen is produced at the
crack tip and then enters the lattice, prop-
agating ahead of the advancing crack and
reducing the ductility of the alloy. This
evolution and transport of hydrogen,
when combined with the residual stresses
that exist during and after welding (Ref.
26), promote hydrogen cracking. Previ-
ous studies (Ref. 15) have shown that pre-
heat and postweld heat treatments can be
utilized to produce crack-free intermetal-
lic alloys with aluminum concentrations
around 15.9 wt-%. However, under con-
ditions where preheat and PWHT are not
possible, the results in Fig. 1 indicate that
the Al content in the cladding should be
below 10 wt-%.

Other researchers (Refs. 12–14) have
observed a similar trend for bulk sam-
ples. For example, Sikka, et al. (Ref. 13),
have shown that a wrought Fe-Al alloy
with 8.4 wt-% Al, which has a disordered
structure, exhibits a ductility (elongation)
above 20% when tested in air. However,
when the Al content is increased to 12
wt-% and above, the ductility drops sig-
nificantly to approximately 5%. This
trend is in good agreement with the weld-
ability results presented in Fig. 1. Ac-
cording to the Fe-Al phase diagram, those
claddings that did not crack are located
in the single-phase, disordered α region.
The ordered-phase Fe3Al is first observed
approaching 10 wt-% Al, leading to a
dual-phase, ordered Fe3Al + disordered
solid solution α deposit and, as seen in
Fig. 1, the onset of cladding cracking. It
must be emphasized that these results
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Fig. 4 — Composition EPMA trace across a grain boundary show-
ing no localized concentration gradient.

Fig. 5 — Typical Knoop hardness profile across the weld interface
of a cladding with nominal aluminum content of 7.2 wt-%.

Fig. 6 —Sample matrix of GTAW multiple-pass cladding. The sym-
bols correspond to those in Fig. 1. 
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should be considered tentative as the
sensitivity to hydrogen cracking will also
depend on, for example, the degree of re-
straint as affected by the substrate size.
The small-scale results presented here
are intended to serve as a guide for fur-
ther research and subsequent practical
applications. The reproducibility of these
results to multiple-pass deposits pro-
duced with both the GTAW and GMAW
processes is discussed below. 

GTAW Multiple-Pass Cladding

Based upon the single-pass results, a
second experimental matrix of multiple-
pass cladding was produced using simi-
lar parameters — Fig. 6. As found for the
single-pass welds, the cracking results
were again related to the amount of alu-
minum in the cladding. Due to the 50%
overlap of adjacent passes, the aluminum
contents of the multiple-pass cladding
were higher than that of the correspond-
ing single-pass welds prepared at identi-
cal processing parameters. Microstruc-
tures for these samples were similar to
those found for the single-pass deposits,
as seen in Fig. 2, and cracking was again
observed to occur in both inter- and
transgranular modes. Electron micro-
probe traces through the multiple-pass
cladding, conducted parallel to the coat-
ing-substrate interface, showed the
cladding was homogeneous on a macro-
scopic scale at these processing parame-
ters — Fig. 7. Again, cladding composi-
tions on either side of the crack/no crack
boundary for the matrix exhibited repro-
ducible cracking tendencies.

GMAW Multiple-Pass
Cladding

Multiple-pass cladding
was deposited with the
GMAW process using a
range of currents be-
tween 260 and 370 A.
Current variations were
achieved by changes to
both the electrode feed
speed and electrode tip-
to-plate distance. In addi-
tion, two aluminum-
cored, steel-sheathed
wires with different
amounts of aluminum
(13 and 27 wt-%) were
used as consumable elec-
trodes to alter the compo-
sitions of the deposits.
Figure 8 shows the exper-
imental matrix for the
cladding produced. A
value of 0.87 was used
for the arc efficiency to
calculate the energy
input (Ref. 20). All de-
posits produced with the
27 wt-% Al electrode re-
sulted in cladding with
more than 15 cracks (above dashed line
in Fig. 8). Use of this electrode resulted in
deposits with higher aluminum contents,
even when relatively high energy inputs
were used. The dilution levels for both
electrodes ranged between 40 and 50%,
which is much lower than the range at-
tained for GTAW. Unlike the GTAW
process, the GMAW current and elec-
trode feed speed cannot be changed in-

dependently under the current set of con-
ditions. As a result, it is difficult to achieve
a higher range of dilution levels. This
made it difficult to produce cladding with
composition near 10 wt-% Al. However,
for the cladding produced under these
conditions, the weldability results are in
agreement with those of Figs. 1 and 6,
where cladding with less than 10 wt-% Al
could be deposited crack free. Like the
GTAW deposits, the cladding microstruc-
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Fig. 7 — Typical composition EPMA trace through a multiple-pass
cladding showing the deposit is homogeneous on a macroscopic
scale. Trace was conducted parallel to the coating/substrate in-
terface as seen in A.

Fig. 8 — Sample matrix of multiple-pass cladding produced by
GMAW. The dashed line signifies the difference between the two
types of aluminum-cored, steel-sheathed wires. Above the line,
the 27 wt-% Al wire was used to produce the cladding, while
below the 13 wt-% Al wire was deposited. All samples that
cracked had in excess of 15 cracks per deposit.

Fig. 9 — Typical probe trace through a multiple-pass GMAW
cladding. Trace was taken perpendicular to the coating/substrate
interface.
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tures had coarse columnar grains and a
uniform composition beyond the partially
mixed zone — Fig. 9.

Sulfidation Behavior

Fe-Al alloys were cast to produce
nominal aluminum contents of 5, 7.5 and
10 wt-% Al. This composition range was
chosen based on the weldability studies.
From the work of Tortorelli, et al. (Refs. 6,
7), it was shown that the oxidation/sulfi-
dation resistance of iron aluminide
cladding could be explained on the basis
of what was known from previous stud-
ies of bulk samples of similar composi-
tions. The corrosion environment chosen
in this current work was generally less ag-
gressive than those presently found in the
literature (Refs. 6–8, 27–32) in terms of
gas composition and temperature, so as
to be more representative of applications
with moderately reducing environments
(Refs. 16–18). Previous work (Ref. 2) on
binary Fe-Al alloys showed that up to
~750°C, at least 9.6 wt-% is needed for
good sulfidation resistance in severely re-
ducing environments.

The weight changes for the alloys
tested are shown in Fig. 10. The 5 wt-%
alloy was the only one that displayed a
significant weight gain among the Fe-Al
alloys, which nearly tripled that of the
other two tested. The linear kinetic rate
constant for this alloy (kl = 3.2 x 10-4 mg
cm-2 min-1) was less than those previously
reported (Ref. 30) for similar alloys in
more aggressive conditions (kl = 7.1 x 10-2

mg cm-2 min-1). The 7.5 and 10 wt-% al-
loys had negligible weight gain, espe-
cially when compared to Type 304 stain-
less steel and Type 1008 carbon steel.
The weight gain measurements can be
correlated with SEM micrographs of the
sample surfaces — Fig. 11. The amount

of surface corrosion product de-
creases as the aluminum content
increases in the alloy. The 5 wt-
% sample has a scale that com-
pletely covered the surface and
EDS techniques detected iron
and sulfur — Fig. 12A. The scale
morphology, consistent with pre-
vious research (Refs. 30, 31), in
addition to the EDS spectra, sug-
gests an iron sulfide scale is pre-
sent. An aluminum peak was not
present in the spectra, indicating
that the iron sulfide scale is either
a few microns thick, since the in-
teraction volume is ~1 µm with
these SEM parameters (Ref. 33),
or very little aluminum is present
in the reaction product. The 7.5
wt-% alloy had few large iron sul-
fide particles on the surface (Fig.
11B), with the presence of iron
and sulfur peaks in the EDS spec-
tra — Fig. 12B. The 10 wt-% alloy
was devoid of any large particles
(Fig. 11C) and Fig. 12C shows the
spectra containing all three peaks
(Fe, Al and S). Due to limitations
of the EDS system, oxygen could
not be detected to determine if
the formation of any oxides oc-
curred. 

The 600°C Fe-S-O and Al-S-O
thermodynamic stability dia-
grams are shown superimposed
on each other in Fig. 13, and the
partial pressures of sulfur and
oxygen utilized for this research
are noted in the figure. Based on
these considerations, formation
of iron sulfide and aluminum
oxide is favored on the alloy sur-
face. It should be noted here,
however, that care should be
taken when using these diagrams
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Fig. 10 — Weight change vs. time for commercial and cast Fe-Al al-
loys exposed to 0.1% H2S-3.0% H2-bal. Ar at 600°C for 50 h (PS2 =
10-9, PO2 = 10-28).

Fig. 11 — SEM micrograph showing the corroded sur-
face of Fe-Al alloys containing the following: A — 5 wt-
% Al; B — 7.5 wt-% Al; and C — 10 wt-% Al.
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to predict which phases
may form in the given
environment. The con-
struction of these dia-
grams considers only
thermodynamic rela-
tionships at equilibrium
and neglects the kinetic
rates of the scales form-
ing. Therefore, it is pos-
sible that a faster grow-
ing and less stable scale
may prevent the forma-
tion of a continuous,
protective one. This may
explain the result found
in this research. Al-
though not experimen-
tally observed, the low
weight gains could be
due in part to the forma-
tion of an alumina sur-
face scale on the Fe-Al
alloys. DeVan and
coworkers (Refs. 1–8,
34) have previously
shown that the forma-
tion of this scale pro-
vided iron aluminides
with excellent corrosion
resistance due to its
thermodynamic stability
and relatively slow
growth. The scales were
found to be thin and ad-
herent in isothermal
conditions. This same
type of scale may be pre-
sent, but undetected, on
the Fe-Al alloys, thus
giving them their good
corrosion resistance.

The low corrosion rates, combined with
good weldability, makes the disordered
Fe-Al alloys potential candidates for cor-
rosion protection in applications with
moderately reducing environments.

Conclusions

From this study of the weldability and
high-temperature sulfidation resistance
of Fe-Al alloys, the following conclusions
can be drawn.

1) Using GTAW and GMAW
processes, single- and multiple-pass
claddings of Fe-Al were produced with
aluminum contents ranging from 3 to 30
wt-%. All claddings were found to have
a columnar microstructure that was rela-
tively homogenous on a microscopic
scale throughout the bulk of the fusion
zone. A partially mixed zone was located
near the weld interface that increased in
size as the nominal aluminum content of
the cladding increased.

2) Under these processing conditions,
cracking of the Fe-Al cladding, both inter-
and transgranular, was found to be inde-
pendent of the welding process and pa-
rameters. Instead, cracking was directly
related to the amount of aluminum in the
deposit. Above 10 wt-% Al, cracking was
seen to be prevalent throughout the
cladding. This composition corresponds
to the microstructural transition from the
single-phase, disordered solid solution α
to α + ordered Fe3Al. It has previously
been observed that the ordered structures
(Fe3Al, FeAl) are more susceptible to en-
vironmental embrittlement, which is the
source of the cladding cracking problem.

3) Excellent sulfidation behavior in
moderately reducing environments was
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Fig. 12 — EDS spectra indicating elements detected in the surface
scale of alloys containing the following: A — 5 wt-% Al; B — 7.5
wt-% Al; and C — 10 wt-% Al.

Fig. 13 — Thermodynamic stability diagrams for Fe-O-S (solid lines) and
Al-O-S (dashed line) at 600°C superimposed on each other. The condi-
tions used in this research are marked by the ● .
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found for alloys containing 5 to 10 wt-% Al.
These compositions also exhibited good
weldability, which may make them poten-
tial candidates for cladding materials. 
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