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Abstract. - Additions of platinum to aluminium oxide forming alloys are known to imporve 
their high temperature corrosion resistance. This is known as the "precious metal effect". In 
this study the effect of platinum on the oxidation mechanism was investigated by comparing 
the oxidation mechanism of p-NiAl and Pt20Ni30A150 This composition agrees with the average 
composition of a platinum modified aluminide coating. The alloys were oxidized at temper- 
atures from 1000 to 1200 OC. The growth of the oxide scale on the NiAl alloy proceeds both 
by aluminium and by oxygen diffusion through the scale resulting in growth within the scale. 
However, on Pt20Ni30A150 the growth of the scale is limited to the oxide/gas interface due to 
a predominant aluminium transport through the scale. Therefore the growth stresses are re- 
duced. Another difference is the extensive void formation at the p-Nimoxide interface. This 
was not observed on the Pt20Ni30A150 samples. The phenomena mentioned above are the two 
likely reasons for the improved oxide scale adherence. 

1. Introduction. 

The adherence of aluminium oxide scales on coating alloys can be imporved by the addition 
of platinum. This has resulted in the development of several platinum modified aluminide 
coatings [I]. The most common structures in the coating are Pull2, Pull  and NiAl. Little is 
known about the precious metal effect. A few models have been proposed for the imporved 
oxidation resistance 12, 3, 41. In this study the oxidation mechanism and the adherence of 
the oxide scale of Pt20Ni30A150 (further designated as PtNiAl) and of ,!?-NiAl are compared. 

2. Experimental. 

P-NLA~ and PtNiAl alloys were made by arc melting specpure nickel and aluminium rods with 
the appropriate amount of platinum (wire, 99.99 %). Oxidation experiments were carried 
out at temperatures between 900 and 1200 "C in pure oxygen. Before oxidizing the samples 
were ground and polished down to 1 pm diamond paste. 

The composition and structure of the alloys were investigated with XRD and EPMA. The 
morphology of the oxide scale was studied with SEM. TG-experiments were carried out in 
the Dupont 9900 TG-system (900 OC) and a Stanton-Redcroft TG 770 balance system (higher 
temperatures). RBS and EPMA were used to analyse the oxide scale and the alloy/oxide in- 
terface region. (AES is not very suitable because of the presence of the heavy alloying element 
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platinum.) The transport properties of the oxide scales were investigated using double oxi- 
dation experiments. The double oxidation experiments in 180 followed by 160 and vice versa 
were performed at 900 and 1070 "C. The 180 in the scale was profiled by making use of 
Nuclear Reaction Analysis (NRA). The specific nuclear reaction is a)15N [5]. With a 
proton energy of 790 keV and a detection angle of 150°, the a-particles from the surface will 
be detected with an energy of about 3.4 MeV. Passing through the oxide scale the primary 
protons and the a-particles loose energy. The (p, a) reaction cross-section remains virtually 
constant down an energy of 790 keV, and as a result the a-energy spectra can readily be inter- 
preted as 180 distribution profiles down to a depth of at least 1 pm. The depth from which 
an a-particle emerges can be calculated from the energy loss in aluminimoxide. The energy 
loss in the aluminium-oxide was estimated by taking the weighted average of the tabulated 
values of the energy losses in aluminium and oxygen [6]. 

3. Results. 

The EPMA line scans of the alloys revealed that the PtNiAl and the NiAl samples were ho- 
mogeneous. The NiAl buttons all had a nickel content of ca. 48 at%. The composition in 
at.% of all the PtNiAl buttons is: 19 %Pt, 29 %Ni and 52 %Al. The NiAl alloys had the ,L?- 
NiAl structure (B2-ordered intermetallic) while the PtNiAl alloys showed the CaF2 (P~4. l~)  
structure UCPDS card nr. 3-1006 [7]). 

The development of the structure of the oxide scale formed on the PtNiAl alloys was sim- 
ilar to that of the scale on ,L?-NiAl. First a scale is formed of transition oxide(s) of which only 
8-A1203 could be positively identified by XRD. These transition oxide@) eventually transform 
to a-A1203. The rate of the transformation of these oxides to a-Alz03 is temperature depen- 
dent and appeared to be not significantly different from the transformation rate of the oxide 
scales on P-NiAl. After 50 hours at 1200 "C, a scale of a-A1203 had formed on the alloy. The 
PtNiAl samples showed very little or no spalling during isothermal oxidation compared to 
the NiAl alloy which showed heavy spallation at high temperatures. 

The samples oxidized at 1000 "C show a needle and blade structure on top of a compact 
scale (Fig. 1). Smoothing of this structure has been observed for oxidation periods of 50 
hours. The scale morphologies were similar to those observed for the scale on P-NiAl, only 
the smoothing of the needle and blade structure was more extensive (Fig. 2). In contrast to 
the ,f3-NiAl alloy, no voids were observed at the alloyloxide interface on PtNiAl. 

At 1100 OC the needle and blade structure is much less pronounced. The oxide scale on 
PtNiAl shows relatively flat stress and the development of ridges. Also at this temperature no 
voids were observed. Under the oxide scale on a P-NiAl substrate large voids can be found. 

The scale formed at 1200 "C consists of relatively flat areas with small globular protrusions 
separated by ridges (Fig. 3). The oxide scale on P-NiAl has the same morphology but again 
there are more ridges (Fig. 4). The so-called "lacey structure" can easily be recognized in 
these micrographs. After extended oxidation periods the ridges grow until the surface of the 
scale is completely covered, leaving a smooth scale with ondulations. 

The RBS experiments were performed on samples oxidized for 5 minutes and 60 minutes 
at 900 "C. With this technique, no platinum or nickel could be detected in the ocide scale. 
This implies that the platinum concentration in the oxide is below 1015 at.cmd2. The RBS 
spectra did not show evidence for the presence of an enrichment in platinum or nickel, or a 
depletion of aluminium at the oxidelalloy interface. 

EPMA line scans perpendicular to the alloyloxide interface did not show any significant 
deviations in the alloying elements for samples oxidized for 10 hours at 1000 OC. 
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Fig. 1.  - SEM micrograph of the oxide scale formed on PtNiAl at 1000 OC after 20 hours. 

Fig. 2. - SEM micrograph of the oxide scale formed on NiAI at 1000 O C  after 50 hours. 
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Fig. 3. - SEM micrograph of the oxide scale formed on PtNiAl at 1200 O C  after 2 hours. 

Fig. 4. - SEM micrograph of the oxide scale formed on NiAl at 1200 O C  after 2 hours. 
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4. Kinetics of the oxidation. 

The weight gain of both PtNiAl samples at 900 "C (see Fig. 5a) was higher than that of the 
NiAl samples. At 1000 "C the oxidation of the PtNiAl alloy proceeds slower than the oxidation 
of NiAl (Fig. 5b). This also holds for the oxidation at 1100 "C where the differences in the 
weight gain are even much larger. 
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Fig. 5. - TGA curves of PtNiCU and NiAl at different temperatures. 

5. Growth mechanism of the scale. 

The growth mechanism of the scale is investigated with NRA. The yield of the a-particles can 
be interpreted as 180-distribution profiles, for the energy range of the a-particles is much 
higher than the energy of the backscattered protons which due to pile up are detected with 
up to twice the energy of the scattered protons. 
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For both NiAl and NiAlPt the integrated yield of the samples first oxidized in 180 is much 
higher than thise oxidized first in 160. In view of the oxidation in the two different isotopes 
the integrated yield of the samples was expected to be greater for the samples oxidized first 
in 160 and then in 180. In all spectra the integrated yield of the samples first oxidized in 180 

was higher, indicating non parabolic growth in this stage. The oxide scale thickness for the 
NiAl and PtNiAl alloys is comparable. The NRA-spectra are given in figure 6. 

Fig. 6. - NRA a-spectra. 
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900 "C: From the NRA spectrum of NiAl oxidized first in 160 and then in 180, it was found 
that, l80 was located at the oxidelgas interface while also a large part had penetrated the 
scale. It can therefore be concluded that the scale grows by oxygen as well as aluminium 
transport. For the sample oxidized first in ''0 only one broad peak was found. If exclusively 
aluminium or oxygen transport would occur this peak would have been shifted towards one 
of the interfaces. The spectra of the oxidized PtNiAl are muxh different, and obviously the 
result of almost exclusive growth by aluminium transport. Oxidation in 180 first, results in 
a high 180 concentration at the alloy/oxide interface while the 180 remains at the oxidelgas 
interface after oxidation in 160 first. 

b 

1070 "C: The spectrum of the sample first oxidized in 180 shows an 180-distribution with a 
maximum concentration at a depth of about 200 nm which relatively slowly decreases towards 
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the alloy/oxide interface, indicating that 160 passes through the already present oxide scale 
which then grows mainly by oxygen and some aluminium transport. The oxide scale on the 
PtNiAl sample apparently is growing mainly by aluminium transport. The spectrum of the 
sample oxidized in 160 first shows a ''0 distribution with a maximum concentration at the 
oxidelgas interface. 

6. Discussion. 

The EPMA results show that the alloys were homogeneous. The structure of the NiAl alloys 
was, as expected, the CsCl structure. The PtNiAl alloy was shown to have the PiA12 structure 
(CaF2). 

From the SEM observations it is clear that both alloys oxidize externally, forming an alu- 
minium oxide scale. No internal oxidation or formation of oxide protrusions has been ob- 
served. 

The oxide scale on the PtNiAl alloy does not contain a detectable amount of platinum in 
contrast to the results of Cocking et al. [9] who reported large bands of Pt-rich oxide in the 
scale. Their results were obtained on a platinum modified NiAl coating. If the coating is not 
homogeneous then internal oxidation is possible leaving platinum in the oxide scale. 

The morphology of the oxide scale on PtNiAl is not different from that on NiAl. Both 
scales formed at low temperatures consist of a neddle like structure on top of a compact scale. 
Increasing the temperature yields an initially flat scale with ridges that grow out until they 
cover the scale surface and form a compact flat scale again. 

The alloy shows no detectable depletion of aluminium, which can be detected with EPMA, 
at the alloy/oxide interface. From the RBS results that do not show a marked decrease after 
the initial step it also shows no high platinum or nickel concentrations. 

Table I. - The parabolic rate constants for NiAl and NiAlPt in  two stages of the oxidation (at 900 "C 
the values given for kp are the average of the two experiments). 

t i m e  i n t e r v a l  ( m i n )  

P t N i A l  N i A l  
. 10-3 kp (mg2. cm-4 .hour-') 

The weight gain curves presented in figure 5 show that for the PtNiAl and /3-NiAl the 
oxidation does not proceed according to a simple parabolic rate law. The total weight gain 
of both samples oxidized at 1100 "C is smaller than that for the samples of the same alloys 
oxidized at 1000 "C. Since on NiAl and PtNiAl an aluminium oxide scale is formed which 
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does not contain a large amount of nickel or platinum, the kinetics of the oxidation were 
expected to be similar. Nevertheless, as indicated by the kp values given in table I, large 
differences exist in the oxidation kinetics for the two alloys. The effect ofthe procedures used 
in this study can also explain the differences in the total weight gain between the NiAl and 
the PtNlAl alloy at 1100 "C,  assuming that an aluminium oxide scale is formed more rapidly 
on the platinum containing alloy. This effect has been reported by Felten and Pettit [S]. 
The weight gain curves, recorded with the Stanton-Redcroft balance at 1000 and 1100 "C, 
should not be regarded as very reliable since the experiments were performed with very small 
samples, suspended on platinum wires which showed a large evaporation weight decrease. 

Assuming a constant evaporation rate of the wires the wires the wieght gains were cor- 
rected. Dur to the small size of the samples the effects of the edges, that tend to oxidize 
faster, can not be ignored. 

From the results of the NRA experiments it can be concluded that a clear difference be- 
tween the scale growth mechanism on NiAl and PtNiAl exists at least in the early stages of the 
oxidation. On PtNiAl the oxide scale grows predominantly at the oxidelgas interfaces while 
the scale on NiAl grows within the scale as a result of both oxygen and aluminium transport. 
Both experiments are performed in the initial oxidation period, in which on both alloys the 
scale consists primarily of 8-A1203. The morphology of the oxide scales indicates that after 
the transition to a-A1203 both scales grow, at least partially, by inward diffusion of oxygen. 
The effect of platinum on the growth of the scale is therefore most obvious in the initial stage. 

Fountain et al. [lo] noticed a different oxidation mechanism when platinum (or Pt02) was 
deposited and incorporated in the oxide scale on the sample while it was oxidized. One of 
the few possibilities through which this platinum addiion can affect the oxidation mechanism 
is a blosking of transport paths in the oxide scale. From the NRA results it would follow 
that platinum hinders the diffusion of oxygen through the oxide scale. This is also indirectly 
suggested by Tatlock and Hurd [I  I]. The models proposed for the formation of voids at the 
alloy/oxide interface on the NiAl are based on the Kirkendall effect and vacancy injection from 
the oxide in case of outward growing oxides. The growth of the aluminium oxide scale on 
NiAI, at low temperatures and short oxidation periods, proceeds predominantly by outward 
diffusion of aluminium through the oxide scale as shown with the NRA experiments. In 
this initial period the voids are formed at the alloyloxide interface. After extended oxidation 
periods with incresing temperatures the voids tend to disappear due to a change in the growth 
mechanism of the oxide scale involving an increase in the transport of oxygen through the 
oxide scale. Although, the NRA results clearly show that the oxide scale on PtNiAl grows 
on the oxidelgas interface, no voids are formed on this alloy. This indicates that just vacancy 
injection from the oxide scale can not explain the formation of voids. The difference between 
the diffusion coefficients of nickel and aluminium in NiAI, resulting in a Kirkebdall effect 
poses an explanation that agrees with these results although the problem associated with 
this model have not yet been completely resolved. It is, however, possible that the vacancy 
saturation concentration of the PtNiAl alloy is much higher than that of the NiAl alloys. In 
this case the formation of voids would also be suppressed. 

7. Conclusions. 

The presence of large amounts of platinum in NiAl alloys changes the oxidation mechanism. 
This effect is most prominent in the stage of the formation of the gransition oxides growing 
by outward diffusion. During the growth of this scale voids are produced at the alloy/oxide 
interface of NiAl alloys. On the PtNiAl alloy these voids do not form. Combined with the 
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change in transport properties, resulting in lower growth stresses in the scale on the PtNiAl 
alloy this will have a positive effect on the oxide scale adherence [12]. Although the TG- 
experiments show that the growth rate in the initial stage is smaller and the duration of 
the initial stage seems to be shorter for the PtNiAl alloys, no conclusions are based on these 
experiments since this effect has not yet been reproduced. 
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