
Abstract 

HIGH-TEMPERATURE OXIDATION/SULFTDATION RESISTANCE 
OF IRON-ALUMINIDE COATINGS 

P. F. Tortorelli, I. G. Wright, G. M. Goodwin, and M. Howell 

Oak Ridge National Laboratory 
Metals and Ceramics Division 

Oak Ridge, Tennessee 37831-6156 

Iron aluminides containing greater than about 20-25 at. % Al have oxidatiodsulfidation resistance 
at temperatures well above those at which these alloys have adequate mechanical strength. 
Accordingly, these alloys may find application as coatings or claddings on more conventional 
higher-strength materials which are generally less corrosion-resistant at high temperatures. To this 
end, iron-aluminide coatings were prepared by gas tungsten arc and gas metal arc weld-overlay 
techniques. Specimens were cut from the weld deposits and exposed to a highly aggressive 
oxidizing/sulfidizing (H~S-H~-HZO-A~)  environment at 800°C. All the weld overlays showed 
good corrosion behavior under isothermal conditions, including a gas metal arc-produced deposit 
with only 21 at.% AI. A rapid degradation in corrosion resistance was observed under thermal 
cycling conditions when the initially grown scales spalled and the rate of reaction was then not 
controlled by the formation of slowly growing aluminum oxide. Higher starting aluminum 
concentrations (> -25 at.%) are needed to assure overall oxidatiodsulfidation resistance of the 
weld overlays, but hydrogen cracking susceptibility must be minimized in order to physically 
separate the corrosive species from the reactive substrate material. 
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Introduction 

Because of their ability to form protective alumina layers, even at relatively low oxygen partial 
pressures, alloys based on Fe3Al and FeAl have good-to-exceptional resistance to degradation in 
many high-temperature environments [ 1-81. In fact, the oxidation/sulfidation resistance of iron 
aluminides containing greater than about 20-25% A1 (all concentrations are in at.%) extends to 
temperatures at which these alloys have limited or poor mechanical strength (for example, 800°C). 
Because of this, iron aluminides appear particularly attractive as coatings or claddings on more 
conventional higher-strength materials which are less corrosion-resistant at high temperatures. In 
addition, the coatings approach would not be subject to near-term concerns regarding the costs 
associated with fully processing the aluminides and fabricating components from them. 

Initial efforts at synthesizing iron-aluminide coatings have included weld overlay [9-113, electro- 
spark deposition (ESD) [ 121, and thermal spray techniques [ 113. The fabricability of composite 
iron-aluminide-clad stainless steel tubing via co-extrusion has also been investigated [ 131. To 
date, the greatest effort has been on development of procedures and filler metal compositions for 
depositing iron-aluminide weld metal on steel substrates [9-111. The advantages of such weld 
overlays are that relatively thick deposits can be quickly made and repaired and the techniques are 
adaptable to field application. However, filler metal composition, deposition parameters, and pre- 
and postweld heat treatments must be adequately specified and controlled to produce sound 
coatings. Studies of iron-aluminide weld overlays have shown that a key issue is the determination 
of an optimal aluminum concentration. Based solely on oxidation/sulfidation considerations, 
higher A1 levels are preferable [6]. As shown previously [3,14], lower levels of aluminum (-20% 
or less) do not appear sufficient to assure corrosion resistance of bulk aluminides or weld overlays 
in a low oxygen partial pressure, mixed-gas environment ( H ~ S - H ~ - H ~ O - - ~ I - ) ,  particularly if a 
significant amount of chromium is present. However, susceptibility to moisture-induced cracking 
in ambient air (cold cracking) can increase with the concentration of aluminum in the deposit 
[lo]. This type of cracking occurs due to the combined influence of stress and hydrogen from 
the reaction of aluminum with moisture in the atmosphere (see, for example, ref. 15). Stresses 
arise during cooling from the melt temperature after welding, from thermal cycling, or from 
impacts during low-temperature service. Therefore, it is of crucial importance to the overall iron- 
aluminide weld-overlay developmental effort to establish the processing techniques and 
compositional range where high-temperature corrosion resistance can be achieved while 
maintaining minimal cracking susceptibility. 

Recent high-temperature corrosion studies of iron-aluminide coatings have investigated the 
oxidation and sulfidation behavior of deposits made by the gas tungsten arc (GTA) technique 
[14,16] and by ESD [7,17]. In general, these coatings have shown good high-temperature 
corrosion resistance, even though they were not optimized with respect to composition and/or 
soundness. Previous results [ 141 have shown that the corrosion behavior of the weld overlays were 
generally in accord with the results of oxidation/sulfidation studies of bulk iron aluminides [3,6]. 
Specifically, this work showed that compositions containing at least 25% A1 and I 2% Cr had 
excellent sulfidation resistance in highly aggressive H ~ S - H Z - H ~ O - A ~  gas mixtures at 700-800°C. 
At higher chromium levels, corrosion rates increased but were still relatively low compared to 
other alloy classes such as stainless steels. Specimens of coatings with -30-35% A1 showed 
equivalent corrosion behavior to the best wrought iron aluminides when exposed to the mixed-gas 
environment at 800"C, while those from weld deposits with A1 concentrations < 23% showed 
significantly less sulfidation resistance [ 14,161. These previous results are summarized in Fig. 1 , 
which shows weight gains as a function of time (as measured during isothermal exposures) for 
different weld deposit compositions. It should be noted that, in these experiments, the coating was 
separated from the substrate before it was exposed to the mixed-gas environment. Therefore, the 
investigations involved the characterization of the thermodynamic stability and reaction kinetics of 
these coatings, but did not determine their ability to physically separate the corrosive gas from the 
substrate material. 

This paper presents further corrosion results on iron-aluminide weld overlays, including those 
from the first thermal cycling experiments. It contains additional data on deposits produced by 
GTA processes and initial observations of the oxidationhlfidation behavior of a weld overlay 
synthesized by gas metal arc (GMA) welding. The development of GMA techniques allows faster 
deposition rates and more flexibility in field application. The use of mechanized procedures 
(whether with GTA or GMA) improves the control and reproducibility of the deposition 
processes. Accurate control of filler metal compositions and process parameters is necessary to 
assure weld overlays with minimal cracking and chemical compatibility with the environment. 
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Fig. 1. Weight change versus time for specimens cut from iron-aluminide weld overlays and isothermally 
exposed to H~S-H~-H~O-AK at 800°C. The elemental concentrations shown are in at.%; the balance is Fe. Data 
taken from refs. 14 and 16. 

Experimental Procedures 

Conventional GTA and GMA techniques were used with argon shielding gas to produce weld- 
overlay deposits of Fe-A1 alloys on either 25 mm-thick 2.25 Cr - 1 Mo steel or 50 mm-thick 
type 304L stainless steel plates. The 3.2 mm-diam filler metal rods used for the GTA process 
were made by aspiration casting at Haynes International (Kokomo, Indiana). Their nominal 
composition was Fe-41% A1-6% Cr with minor concentrations of C, Mo, Zr, and B. The filler 
metal used for GMA processing was 1.6 mm in diameter and was produced at the Stoody 
Company of Bowling Green, Kentucky. The compositions and fabrication techniques of this type 
of wire are proprietary. 

Overlays were deposited by a manual GTA process using a weld current of 80-120 amps DCEN 
(direct current, electrode negative) at 10-12 volts. Travel speed was approximately 50- 
100mdmin.  For semi-automatic GMA welding, a current of 245 amps DCEP (direct current, 
electrode positive) at 27 volts was used at a travel speed of 330 mdmin.  In both cases, a single 
layer of about 10 cm2 with a thickness of 2-3 mm was produced by overlapping stringer beads 
with a 10 mm offset. Preheat was accomplished using an oxyacetylene torch with the interpass 
temperature maintained at a minimum of 350°C. Immediately after the welding was completed, 
the specimens were postweld heat treated at 800°C for 1-2 h followed by air cooling. 

Rectangular pieces, approximately 18-25 mm x 12 mm, were cut from the weld-overlay 
specimens. Coupons for the corrosion experiments were then prepared by grinding away the 
substrate material so that only weld metal (approximately 1-2 mm thick) remained. (The same 
procedure was used in the previous corrosion studies [14,16].) Corrosion behavior was 
characterized by use of a continuous-recording microbalance to measure the weight of these 
specimens during exposure at 800°C to a flowing (-2 cm%) mixed gas consisting of 5.4% H2S- 
79.4% H2-l.6% H20-13.6% Ar (by volume). The oxygen partial pressure, as determined by a 
solid-state oxygen cell, was 10-22 atm, and the sulfur pressure was calculated to be atm. This 
mixed gas represents an extremely aggressive environment with respect to conventional iron- or 
nickel-based alloys. For the Fe-Al-Cr system at 800"C, A1203 and sulfides of iron and chromium 
can be thermodynamically stable under these mixed-gas conditions [ 18 , 191. These types of 
exposures have been used to characterize the sulfidation resistance of iron aluminides and several 
other alloys [3-5,7,14,16- 181. More details regarding the oxidationhlfidation exposures can be 
found in reference 18. In most cases, a specimen was held in the mixed-gas microbalance system 
at 800°C for a fixed amount of time, cooled to room temperature, and then removed from the 
system for subsequent examination. However, as detailed below, two specimens underwent 
thermal cycling, in which they experienced more than one hold period at the exposure 
temperature with intermediate cooling, in the same gas, to below 100°C. 



Results 

The Haynes filler metal described above was used to make GTA weld overlays on both type 304L 
stainless and 2.25 Cr - 1 Mo steels. The deposit on the type 304L stainless steel substrate 
appeared relatively defect-free (as evaluated by dye penetrant examination and optical 
metallography), while that on the 2.25 Cr - 1 Mo steel exhibited visual cracks following welding 
and heat treating. An overlay on the Cr - Mo steel produced by the GMA technique was sound. 

Due to mixing during welding, the composition of a particular overlay depends not only on the 
elements present in the filler metal but also on the alloy used as the substrate. The composition 
also is dependent on the specific welding parameters. Therefore, the actual concentrations of the 
critical elements were determined using samples taken from the same welded plate as used to make 
the respective corrosion coupons. The results are shown in Table I. 

Table I. Weld Deposit Compositions 

Weld Sub- Concentration (at. %)a 
DeDosit Process strate AI Cr Nb Si Ni Mo Zr C 

____ - ~~ ~~ ~~~~ ~ ~ 

H1 GTA 304L 30.4 9.0 0.1 0.3 2.5 0.1 0.2 0.08 

H2 GTA Cr-Mo 37.3 6.2 <0.01 0.1 0.2 0.3 0.1 0.1 

s1 GMA Cr-Mo 21.3 6.0 ~ 0 . 0 1  0.1 0.1 0.4 0.2 0.1 

a Determined by spark source mass spectrometry. Balance is Fe. 

Figure 2 shows the isothermal gravimetric results for corrosion specimens cut from the weld 
deposits listed in Table I and exposed to the H2S-H2-H20 environment for 70-120 h at 800°C. 
While all the specimens show relatively low-to-moderate weight gains (compare with the data in 
Fig. l), there are distinct differences in their gravimetric behavior. (The H1 curve is the same as 
that labeled 30A1-9Cr-2Ni in Fig. 1.) These differences are also apparent visually - Fig. 3 shows 
the respective surface appearances of the three coupons after cooling from the exposure 
temperature. The surfaces of the specimen which exhibited the greatest sulfidation rate of the 
three shown in Fig. 2 (Hl) were almost completely covered with a dark corrosion product 
(Fig. 3a), while those of the H2 coupon, which had the lowest weight gain, were covered with a thin 
gray scale (Fig 3b). The specimen cut from the S1 weld deposit, which exhibited a weight gain 
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exposed to H$-H2-H20-Ar at 800°C. The compositions of the weld overlays are shown in Table I. 

Weight change versus time for specimens cut from iron-aluminide weld overlays and isothermally 



5 mm 

Fig. 3. >Surface appearance of coupons cut from iron-aluminide weld overlays and isothermally exposed to H2S- 
H2-H20-Ar at 800°C. The compositions of the weld overlays are shown in Table I. (a) H1, 100 h. (b) H2, 
122 h. (c) S1, 73 h. 

intermediate between H1 and H2, developed a gray scale over most of its surface area but had 
some dark corrosion products along one edge (Fig. 3c). Some spallation of the scales formed on 
the H1 and S1 specimens occurred during cooling from the exposure temperature. 

Two more specimens of the S1 weld deposit were individually exposed in the microbalance system 
and held isothermally at 800°C in the mixed gas for about 72-74 h. As shown in Fig. 4a, the 
measured weight gains of S1-2 and S1-3 matched those measured for the first S1 coupon (Sl-1). 
After its temperature fell to about 35"C, S1-2 was reheated to 800°C for several more hours, then 
cooled and removed from the system. In the case of S1-3, the coupon was cycled to below 100°C 
and back to the exposure temperature twice. For both of these specimens, significant increases in 
the rate of weight gain relative to the previous isothermal exposure periods were observed. 
Spallation occurred during the cooling cycles, but the data in Fig. 4a represent cumulative weight 
gains during the isothermal exposures and do not reflect any of this mass loss. At the end of the 
cyclic exposures, the specimen surfaces were covered with loosely adherent flakes of black scale 



(compare Figs. 4b and 3c). Scanning electron microscopy (SEM) revealed a variety of corrosion 
product morphologies (Fig. 5); the platelets and needles resembled what were previously 
identified as chromium and iron sulfides [3,5]. Subsequently, the loose scale was removed from 
the surfaces of the specimens. In both cases, it was combined with the material which had spalled 
during cooling or came off during handling to produce a powder that was analyzed by x-ray 
diffraction (XRD) and energy dispersive x-ray fluorescence (EDX). The corrosion products from 
S1-3 were a mixture of aluminum, iron, and chromium sulfides with a small amount ( 4 % )  of 
oxide. Based on the most likely forms of these sulfides as determined by XRD, it appeared that 
the dominant ones were those incorporating aluminum (Al2S3) or iron (FqSg), with each 
composing about 45 - 48% of the total analyzed sample. For S1-2, A1203 was present in the scale 
in a greater concentration in addition to iron, chromium, and chromium-iron sulfides. Little 
Al2S3 was detected. (It was not possible to determine the relative abundance of the various 
sulfides formed on S1-2 by EDX.) 
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Fig. 4. Specimens cut from weld-overlay S1 and then exposed to H2S-H2-HzO-k at 800°C. The composition 
of S1 is shown in Table I. (a) Cumulative weight gain versus time for three individual specimens. The breaks 
in the curves represent reheating to exposure temperature after cooling to below 100°C. S1-1 was not re- 
exposed. (b) Surface appearance of S1-3 after three isothermal exposure periods. Some of its scale has already 
spalled or come off during handling. 
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Fig. 5. Scanning electron micrographs of specimen S1-3 after three isothermal exposure periods in H2S-H2-H20- 
Ar at 800°C. 

Discussion 

The use of welding to produce iron-aluminide coatings results in a loss of selected elements by 
vaporization and significant mixing of the filler metal and substrate alloys (dilution) during 
deposition. The final concentrations of the various elements in the weld deposit (Table I) will 
therefore depend on the particular filler metaYsubstrate combination. Because there is essentially 
no aluminum in the substrates, this element will be diluted in the overlay compared to the filler 
material; that is, the aluminum content of the deposit will be significantly less than that of the weld 
rod/wire used to produce it. The extent of this dilution in aluminum depends on vaporization 
losses during welding and the relative amount of substrate material melted and thus is affected by 
parameters such as current, voltage, polarity, travel speed, etc. Similar dilution/enrichment 
considerations apply to the other elements. For example, when a higher chromium substrate such 
as type 304L stainless steel is used, the weld deposit is enriched in this element relative to the filler 
metal. The composition of the weld overlays shown in Table I are consistent with the general 
dilutiodenrichment factors found previously [ 14,161. 

As noted above, prior corrosion studies [3,5,6,7] have shown that many buIk iron aluminides have 
excellent resistance in the low po2, high ps2 environment used in this study. This behavior can be 
related to the rapid establishment and stability of a protective alumina scale and the absence or 
inhibited growth of iron and aluminum sulfides [3]. The inclusion of chromium in iron 
aluminides at levels greater than 2 - 3 at.% promotes more rapid reaction and increases weight 
gain due to the formation of chromium and iron sulfides [3,5]. This influence of chromium on 
gravimetric behavior can be seen in Fig. 6 by comparing the data for Fe-28% AI alloys containing 
2, 5,  and 10% Cr. (The 2% Cr composition is more corrosion-resistant in the subject environment, 
but the 5% Cr alloy is more ductile and of interest for less aggressive mixed and purely oxidizing 
gases [20].) An examination of the oxidation/sulfidation behavior of bulk Fe-AI(-Cr) alloys as a 
function of aluminum concentration [SI showed little difference in isothermal gravimetric 
behavior between compositions with 22 and 28% Al. The results shown in Fig. 6 for the S1 
composition are in agreement with this finding; the isothermal weight gain behavior of the S1 
specimen exactly matched that of FesA1-5% Cr. Furthermore, the gravimetric data for the S1 
composition were reproducible; three separate specimens cut from this weld deposit exhibited 
nearly identical weight changes over the equivalent isothermal time period (compare the first 72 h 
of exposure of Sl-1, -2, and-3 in Fig. 4a). However, these data are at variance with previous 
results from weld overlays [14]: based on the gravimetric curve for the Fe-22% A1-2% Cr weld 
overlay in Fig. 1, a coupon with the S1 composition (21% AI-6% Cr) would be expected to have 
higher weight gains than those measured in the present study. Variations in minor alloying 
additions between the present and previous 21-23% A1 weld overlays cannot explain the 
difference in gravimetric behavior; such elements were found to have minimal influence on 
overall oxidation/sulfidation resistance [3]. More likely, the discrepancy in results is probably due 
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Fig. 6. Weight change versus time for specimens cut from iron-aluminide weld overlays (Hl,  H2, S1) and 
wrought ingots and isothermally exposed to H2S-H2-H20-Ar at 800°C. The compositions of the weld overlays 
are shown in Table I. The "+" indicates presence of minor alloying elements that do not affect corrosion 
behavior. Data for bulk iron aluminides taken from refs. 3 and 6. 

to higher than normal weight gains previously reported for weld overlays with lower aluminum 
levels (see Fig. 1 and ref. 14). As described in ref. 14, the specimens with 22 and 23% A1 had 
small stringer-like areas where inadequate mixing during welding and/or rough initial surfaces 
allowed these localized regions to retain a composition like that of the substrate steel. This led to 
preferential formation of iron sulfides in iron-rich (aluminum-poor) regions on the substrate side 
of the coupons cut from the respective weld deposits and contributed to higher weight gains. 

As shown in Figs. 2 and 3, the S1 specimen (21.3% Al, 6% Cr) showed somewhat better isothermal 
oxidatiodsulfidation behavior than the alloy containing 30% A1 and 9% Cr (Hl). This can again 
be explained on the basis of what is known from studies of the corrosion of bulk iron aluminides 
in this mixed gas. These studies [3,5] have shown that, under isothermal conditions, variations in 
chromium concentration have a greater effect on the corrosion behavior of Fe-(20-30%) Al alloys 
than changes in the aluminum concentration. Therefore, the higher weight gains for H1 (9% Cr) 
- vis-a-vis S1 (6% Cr) are not unexpected. (Compare the gravimetric curves for bulk Fe-28% Al- 
5% Cr and Fe-27% A1-10% Cr in Fig. 6.) As shown in Fig. 3, the H1 specimen showed a higher 
density of the black corrosion products associated with chromium (and iron) sulfides consistent 
with its higher chromium concentration. 

The low rate of corrosion for the 37% A1 composition (H2) agrees very well with previous results 
from weld overlays of similar composition [14] (see Fig. 1). Compared to gravimetric data for 
bulk Fe-28% A1-2% Cr (Fig. 6) and Fe-40% A1-6% Cr [6] ,  H2 showed a higher initial weight gain, 
but only a slightly greater longer-term corrosion rate. However, as noted above, the high 
aluminum concentration of this deposit led to substantial cracking of the coating. While 
chemically resistant to this environment, the flaws in this weld overlay would have allowed the 
corrosive species access to the more susceptible substrate. 

Despite the differences in gravimetric behavior among the various weld overlays that form the 
focus of this paper (Fig. 2), each deposit composition showed substantially better isothermal 
oxidatiodsulfidation resistance than that of conventional Fe-Cr-Ni and Fe-Cr-A1 alloys. This is 
illustrated in Fig. 7, which compares the present weld-overlay data with prior results for a Fe-27% 
Cr-18% Ni alloy (similar Cr and Ni levels to type 310 stainless steel) and a Fe-18% Cr-12% Al 
composition (representing the Fecralloy class of alloys) that were exposed under similar 
conditions. The particularly rapid rate of attack of the Fe-Cr-Ni alloy illustrates the detrimental 
effect of high chromium and nickel levels on sulfidation resistance in this environment. 



6 I I I I 1 I 

Fe-27% Cr-18% NI H , S-H, -H, 0,800"C 

0 
0 2 0  4 0  6 0  8 0  1 0 0  1 2 0  1 4 0  

Time (h) 
Fig. 7. Weight change versus time for specimens cut from iron-aluminide weld overlays (Hl ,  H2, Sl) and 
wrought ingots and isothermally exposed to H ~ S - H ~ - H Z O - A ~  at 800°C. The compositions of the weld overlays 
are shown in Table I. Data for the Fe-Cr-Ni and Fe-Cr-A1 alloys taken from ref. 3. 

As described above, previous results from surface analysis of products formed on bulk iron 
aluminides and weld overlays revealed that A1203 and, under certain conditions, Al2S3 are 
predominant corrosion products when there is a higher aluminum content in the alloy, but faster 
growing sulfides of iron and chromium can form at lower concentrations of this element (< 18- 
22% Al) [3,5,14]. It is the ability to form aluminum-containing scales at the expense of the iron 
and chromium sulfides that control the overall corrosion resistance of this class of alloys [3,6]. 
These considerations are important in understanding why the specimens of the S1 weld overlay 
composition (21 % Al, 6% Cr) showed low oxidatiodsulfidation rates under isothermal conditions, 
but suffered substantial degradation when subjected to thermal cycling (Figs. 4 and 5). Results 
from cyclic exposures of bulk iron aluminides (28% Al, 5 2% Cr ) in this mixed-gas environment 
showed that, despite some spallation of the corrosion products, the subsequent corrosion rate of 
alloys upon re-exposure was about the same as that measured initially [3,5]. Alloys containing 
28% A1 and 5% Cr developed a thicker scale which spalled on the first cooling cycle and led to an 
overall weight loss. However, on subsequent exposures, the rate of scale growth continually 
decreased until it was equivalent to that measured for the Fe-28% A1 aluminides with I 2% Cr [5]. 
This type of behavior is in contrast to S1, where, at 800"C, its rate of weight gain increased sharply 
after thermal cycling (Fig. 4a). For the bulk (28% Al) aluminides, A1203 was able to reform 
following cooling and re-exposure, but this does not appear to be the case for S1, where iron and 
chromium sulfides form at the expense of aluminum-containing products after a thermal cycle. 
The XRD and EDX data and SEM observations showed that, while A1203 appeared to be present 
initially, a substantial fraction of the corrosion products formed after two and three cycles (Sl-2 
and S1-3, respectively) were iron, chromium, and chromium-iron sulfides. The presence of these 
products are associated with the steep increases in weight gain with time shown in Fig. 4a. This 
difference in thermal cycling behavior can be attributed to the lower initial aluminum 
concentration of the S1 composition (21%) compared to the typical Fe3Al alloys (28% Al). As 
mentioned above, the A1 concentration of the S1 overlay is close to the critical concentration 
necessary for good sulfidation resistance of binary Fe-A1 alloys [5]. Therefore, a relatively small 
decrease in its aluminum level will lead to more rapid corrosion associated with predominant 
growth of iron and chromium sulfides. Such aluminum depletion can occur by formation of 
aluminum-containing corrosion products followed by spallation during cooling. Upon further 
exposure, there is insufficient aluminum remaining in the surface regions to maintain the 
preferential development of the more slowly growing aluminum-containing products, and a 
higher rate of weight gain is observed, as in the present case. Indeed, the rates of accelerated 
weight gain observed after the initial exposures (Sl-2 and -3, Fig. 4a) are similar to those 
measured for alloys that form scales preferentially composed of transition-metal sulfides (see 
Fig. 7). 



The present results indicate that the aluminum concentration of the S1 weld overlay (21.3%) 
appears to be sufficient to maintain corrosion resistance in an aggressive oxidizinglsulfidizing 
environment under isothermal conditions, but that a greater amount of this element needs to be 
incorporated into the deposit to assure acceptable corrosion behavior of such coatings under 
thermal cycling conditions. Higher aluminum concentrations would not only delay any onset of 
accelerated reaction caused by aluminum depletion but would also improve the corrosion 
behavior of iron aluminide coatings containing substrate elements that are deleterious to 
sulfidation resistance (such as chromium and nickel) [ 141. However, as noted previously, weld 
deposits containing high aluminum concentrations are very sensitive to hydrogen-induced 
cracking which would allow corrosion of the substrate by ingress of reactive species. Therefore, 
the development of iron-aluminide coatings must involve an optimization of the composition and 
welding parameters such that good corrosion and cracking resistance are attained. 

This oxidatiodsulfidation study includes initial observations for an iron-aluminide weld overlay 
synthesized by a semi-automatic GMA technique. The other weld overlays examined in the 
present study (H1 and H2), as well those studied in previous work, were prepared by manual GTA 
welding. The particular mix of iron-aluminide weld deposits examined to date is not yet sufficient 
to allow a meaningful comparison of the corrosion behavior of coatings prepared by these two 
different welding techniques. (For example, the corrosion resistance of the weld overlays 
prepared by GTA under thermal cycling conditions has not yet been studied.) However, because 
the GMA process involves a substantially higher energy input into the weld, this technique should 
promote more complete mixing of the deposit, resulting in more reproducible, if not better, 
corrosion resistance at high temperatures. 

Summary and Conclusions 

Iron aluminides containing 1 20-25% A1 have oxidatiodsulfidation resistance at temperatures that 
are well above those at which these alloys have adequate mechanical strength. Accordingly, these 
alloys may find application as coatings or claddings on more conventional higher-strength 
materials which are generally less corrosion-resistant at high temperatures. Iron-aluminide 
coatings on steel substrates were prepared by gas tungsten arc and gas metal arc weld overlay 
techniques. Specimens were cut from the weld deposits and exposed to a highly aggressive 
oxidizing/sulfidizing (H2S-H2-H2O-Ar) environment at 800°C. Because the investigation focused 
only on the weld overlay material, it evaluated the thermodynamic stability and reaction kinetics 
of the coatings rather than their effectiveness in physically separating the corrosive environment 
from the more susceptible substrate material. The corrosion behavior of the coatings was 
generally consistent with results from previous oxidation/sulfidation studies of bulk iron 
aluminides. All the weld overlays showed good resistance to corrosion under isothermal 
conditions, including a gas metal arc-produced deposit with only 21 at.% Al. However, much 
more rapid corrosion of the 21 at.% A1 composition was observed under thermal cycling, when 
the rate of reaction no longer was controlled by the formation of slowly growing aluminum oxide. 
Because the higher starting aluminum concentrations that are needed to assure overall 
oxidation/sulfidation resistance cannot compromise weldability, the development of iron- 
aluminide weld-overlay coatings requires a careful optimization of composition and welding 
parameters. 
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