
Distribution of Platinum Group Metals in Ni-Base Single-Crystal Superalloys 

H. Murakami, T. Honma, Y. Koizumi and H. Harada 

National Research Institute for Metals, ‘High Temperature Materials 21’ Project, 

1-2-1, Sengen, Tsukuba, 305-0047, Japan 

The effects of platinum group metals (PGMs) addition 
on microscopic characteristics of Ni-Al-PGM ternary and 
Ni-base single crystal superalloys were investigated. 
Several Ni-19at%Al-Xat% PGM (PGM: Ru, Rh, Pd, Ir 
and Pt) ternary alloys were prepared by arc-melting in 
order to understand the distribution of PGMs in y and y ’ 
two phases. It is found from differential thermal analysis 
(DTA) that among PGMs, Ir and Ru increase the 
melting points whereas Pt and Pd decrease the melting 
points. These alloys were successfully solution treated at 
1300°C for 4h. After ageing treatment, all Ni-19Al- 
1PGM alloys form y and y ’ two-phase structure, while 
9at% addition of Ir, Ru, Rh and Pd leads to the 
precipitation of PGM-enriched phase which is different 
from both y and y ’ phases, except for a Ni-19Al-9Pt 
alloy which maintains y and y ’ two-phase structure. 
SEM-EDX analysis revealed that Ir and Ru have a 
preference to partition to the y phase while Pt, Pd and 
Rh have a preference for the y ’ phase. Microscopic 
distribution of Ir and Ru in multi-component Ni-base 
single crystal superalloys were also investigated. Atom- 
probe field ion microscopy (APFIM) revealed that 
partitioning behaviour of Ir in multi-component Ni-base 
single crystal superalloys depends on alloy composition. 
For Re-free alloy TMS-79, Ir atoms have a small 

preference to be located in the y phase, while for Re- 
containing TMS-80, Ir tends to partition to the y ’ 
precipitates. On the other hand, Ru is found to prefer the 
y phase in Re-containing TMS-91. These results 
suggest that among alloying elements, ‘competition of 
partitioning’ takes place in multi-component alloys. The 
order of alloying elements having stronger preference to 
the y phase can be summarized as Re > Cr > (MO, Ru, 
Co) > w > Ir. 

Introduction 

Ni-base single crystal superalloys, which have 
remarkable mechanical properties at elevated 
temperatures, have been designed for use as turbine 
blades in aeroengines. In order to develop higher 
efficiency engines, considerable efforts are still devoted 
to enhance the temperature capabilities of superalloys. In 
addition to Ni and Al, superalloys usually contain 
several alloying elements, such as Cr, Co, MO, W, Ta. 
Among these alloying additions, much attention has 
recently been paid to Re since the development of 
CMSX-4(‘) because of its contribution to improve both 
the creep and corrosion properties. However, the 
solubility limit of Re in Ni is rather low due to the 
difference in crystallographic structure between Re (hcp) 
and Ni (fee). Also, since Re has a low diffusibility, Re 
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atoms tend to be segregated in matrices. The addition of 
Re thus assists the formation of a topologically close- 
packed (TCP) phase, resulting in deteriorating the creep 
properties. On the other hand, the addition of platinum 
group metals (PGMs) in Ni-base superalloys is of 
particular interest. Since PGMs usually have high 
melting points and high hot corrosion resistance, 
addition of PGM is expected to enhance high 
temperature mechanical properties and hot corrosion 
resistance. Moreover, except for Ru and OS which have 
hcp structure, PGMs and Ni have the same fee crystal 
structure and they form a complete solid solution 
system. Therefore we expect that a fairly high amount of 
PGMs can be alloyed in contrast to Re. However, there 
are few reports investigating the effect of PGM addition 
in N&base alloys(“‘j). The aim of this study is to 
investigate the distribution of PGMs, such as Ru, Rh, 
Pd, Ir and Pt, in N&base y and y ’ two phase alloys. 
This paper deals with two kinds of alloy systems. As a 
fundamental investigation, Ni-Al-PGM ternary alloys 
having y and y ’ two phases were examined. The 
microscopic distribution of Ir and Ru in multi- 
component Ni-base single crystal superalloys were 
investigated as a next step, with discussing the change 
in partitioning behaviour of alloying elements as a 
function of alloy composition. 

Table I Chemical composition of alloys (in at%) 
Alloy 1 Ni 1 Ai 1 Ir 1 Ru I Rh I Pd I Pt 

lb 1 Bal. 1 18.1 1 0.95 1 - I - I - I - 
3Ir 1 Bal. 1 18.5 12.81 I - I - 1 - I - 
5Ir 1 Bal. 118.0 14.72 1 - 1 - 1 - 1 - 

9Ir I Bal. I 18.1 I 8.60 I - I - I - I - 
1Ru I Bal. I 18.2 I - IO.90 I - 1 - I - 

5Ru I Bal. I 18.3 I - 14.88 I - I - I - 

9Ru I Bal. 118.4 I - 18.81 I - I - I - 

1Rh I Bal. I 18.3 I - I - IO.94 I - I - 
5Rh I Bal. I 18.7 I - I - I 4.73 - - 

9Rh I Bal. 119.1 I - I - 18.11 I - I - 
1Pd Bal. 18.2 - - - 0.92 - 

5Pd Bal. 18.5 - - - 4.69 - 

1Pt Bal. 18.2 - - - - 0.91 

5Pt I Bal. I 18.5 I - I - I - I - 14.50 

9Pt I Bal. I 18.4 I - I - I - I - I 8.22 

Ni-Al-PGM ternarv allovs 

Experimental urocedure 

In order to obtain alloys having y and y ’ two phases, 
several Ni-lSat%Al-Xat%PGM alloys were arc-melted 
under Ar in a vacuum chamber. Chemical composition 
of the as arc-melted alloys was determined by fluorescent 
X-ray spectroscopy, and the result is listed in Table I. 
Hereafter, the alloy name is denoted as lIr, 5Pt etc. The 
SEM-EDX analysis for the as arc-melted alloys 
confirmed that in all the alloys, Ni, Al and PGM are 
uniformly mixed without segregation. DTA was then 
conducted to obtain melting points of the alloys. DTA 
runs were all performed at a heating / cooling rate of 
10K / min starting from room temperature to 1550°C. 
The alloys were then heat-treated at 1300°C for 4h 
followed by water quenching and then aged at 1100°C for 
100h with water quenclrng to investigate 
microstructural evolution. The heat-treated specimens 
were examined by optical microscopy (OM) and SEM- 
EDX analysis. 

Results and Discussions 

The melting temperatures of the as-cast ternary alloys 
were measured using DTA. Figure 1 summarizes the 
relationship between PGM content and liquidus points. 
It is found that liquidus temperatures of Ir-containing 
alloys linearly increase with increasing Ir content. The 
increment rate is roughly estimated to 4.7K / lat%Ir. 

i340 I " * I g ', " 3 '8 " 
0 2 4 6 0 10 

PGM content (at%) 

Figure 1: The relationship between liquiduspoints and 
PGM content. 

748 



.,,,hl ..rn., “111.1 
“m . . . . . . . . . .._. -f.- --__ .5!...........: * ,.,.,. z ._.. ~..T..X.~~ 

(4 L 

Y-- 
f 
zml 

t 
L ,b.“l, 

I 
I 

1. 
/’ . . ..*..*.r3 

1. .I-l* P..C.“l nc*.o “I n-4 . ...“” m..m 
“I .ls.nlC P.m.“, hllaaurn 

Figure 2: the (a) Ni-Ir, (b)Ni-Ru and (c)Ni-Pd binary phase diagrams”‘. 

Figure 3: Typical SEM images of (a)lIr, (b)lRh, (c)lPd and (e)lPt alloys aged at 1100°C for 100h. 
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While Ru addition also increases melting points, Pt and 
Pd addition is found to decrease melting temperatures. 
These results can be explained from the Ni-PGM binary 
phase diagrams. Figure 2 shows the (a)Ni-Ir, (b)Ni-Ru 
and (c)Ni-Pd binary phase diagrams”). The phase diagram 
of the Ni-Rh system is similar to the Ni-Ir system and 
the Ni-Pt being similar to the Ni-Pd system, 
respectively. Ir, Rh, Pt and Pd all have identical crystal 
structure to Ni and they all have complete solid 
solubility with Ni at high temperatures. However, while 
Ni-Ir and Ni-Rh have a continuous series of (Ni, Ir) and 
(Ni, Rh) solid solution system and the melting points 
steadily increase with increasing Ir and Rh content, Ni- 
Pt and Ni-Pd systems exhibit a minimum in the 
liquidus. The decrease of melting points in Ni-Al-Pt and 
Ni-Al-Pd systems can be caused by this eutectic-like 
reaction of Ni-Pt and Ni-Pd. In designing Ni-base alloys, 
elemenets which increase melting temperature are 
favourable because at a given temperature, an alloy 
having a higher melting point generally has better 

mechanical properties. From this point of view, it is 
suggested that Ir, Ru and Rh are promising elements to 
increase the creep properties. 
The alloys were heat treated at 1300°C for 4h followed 
by water quenching. OM and SEM analysis revealed that 
except for 5Rh, 9Rh, 91r and 9Ru, all the alloys showed 
almost uniform microstructure, indicating that the alloys 
can be fully solution-treated at 1300°C. Following the 
solution treatment, ageing treatment at 1100°C for 100 
h was conducted. Figure 3 shows the typical SEM 
images of aged (a)lIr, (b)lRh, (c)lPd and (d)lPt alloys. 
All the alloys have y and y ’ two-phase structure, 
confirming that for all PGMs, lat% of alloying addition 
is within the solubility limit in the y and y ’ two-phase 
region. On the other hand, 9at% of PGM addition except 
for Pt exceeds the solubility limit for the y and y ’ two- 
phase region and leads to precipitate other phase as 
shown in Figure 4. It should be noted that 9Pd alloy has 
not yet been investigated. EDX analysis indicated that 
the third phase shown in this figure can be identified as 

Figure 4: SEM images of (a)9Ir, (b)9Ru, (c)9Rh and (d)9Pt alloys after aged at 11OO’C for 100h. 



the p phase having B2 structure, or its higher order 
phase, with composition being approximately 
(NiJ’GW5d%. 
According to Al-PGM phase diagrams”), only Pt and Al 
form the Pt,Al phase with Ll, structure. It is thus likely 
that Ni,Al may equilibrate with Pt,Al to form 
(Ni,Pt),Al. In this case, unlimited amount of Pt could 
be substituted for Ni in the y and y ’ two-phase region. 
Other PGMs such as Ir, Ru, Rh do not form Ll, 
structure, they only haveB2structure with Al in Al rich 
region. If this p phase seems to be chemically stable, 
increasing PGM content would change the 
microstructure from y and y ’ two-phase to p + y or @ + 
y + y ’ etc. To confirm this hypothesis, however, further 
investigation will be required. 
In order to determine the partitioning behaviour of 
alloying elements, EDX analysis was conducted for 
alloys having y and y ’ two phases. Whether an alloying 
element ‘i’ partitions to the y phase or y ’ phase can be 
clearly shown by using a partitioning parameter ki 
which is defined as 

k; = ciy / ci, 
where cir and cii are the concentrations of an alloying 
element ‘i’ in the y and y ’ phases, respectively. Thus, 
for example, when ki > 1, the element ‘i’ has a tendency 
to be located in the y phase and vice versa. In Figure 5, 
partitioning parameters of PGMs are summarized as a 
function of ki. Ru and Ir have a preference to partition 
into the y phase while Pt, Rh and Pd have a preference 
to partition into the y ’ phase. Elements to have larger 
atomic radii and to enrich in the y phase are of particular 
interest because they preferentially increase the lattice 
parameter of y phase and thus leads the lattice misfit 
(a,. -0, )/a, towards negative direction@‘. It is also 
expected that alloys having a preference for y phase play 
a role as a solid solution strengthner of the y phase. 
Since PGMs all have larger atomic radii than Ni, (When 
normalising the atomic radus of Ni as 1, the atomic radii 
of Rh, Ru, Ir, Pt and Pd are 1.079, 1.063, 1.089, 1.113 
and 1.104, respectively’“‘.) it is predicted that Ru and Ir 
lead the lattice misfits to negative direction while Pt, Rh 
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Figure 5: Partitioning behaviour of PGM in Ni-19Al- 
PGM ternary alloy systems. 

and Pd leading to positive. 
From these experimental results, it is expected that Ir 
and Ru, which increase the melting temperatures and 
partition to the y phase in ternary alloy systems, will 
play a favourable role in enhancing creep properties of 
Ni-base superalloys. The effects of Ir or Ru addition to 
multi-component Ni-base alloys are therefore discussed 
in the following section. 

Experimental procedure 

The compositions of alloys investigated here are listed 
in Table II. Among these alloys, composition of TMS- 
63 and TMS-75 were determined by using ‘alloy design 
program’ (ADP)““.“‘, which is the regression analysis 
based computer program developed by the authors, for 
designing Ni-base superalloys. The mechanical 
properties and microstructures of TMS-63(“*“) and 

Table II Nominal composition of alloys (in at%) 
Allov 1 Ni Al Cr Co MO Ta W Re RU Ir 

TMS-63 Bal. 12.8 7.8 - 4.6 2.0 - - - - 

TMS-79 Bal. 12.6 7.7 - 4.6 2.7 - - - 1.8 
TMS-75 Bal. 13.7 3.6 12.6 1.3 2.1 2.0 1.7 - - 
TMS-SO Bal. 13.6 3.5 12.4 1.3 2.0 2.0 1.7 - 1.0 
TMS-91 Bal. 13.3 3.5 12.3 1.2 2.0 2.0 1.6 0.9 - 
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TMS-75”‘) have already been reported in previous 
papers. The Re-free TMS-79(‘V3) was obtained by the 
1.8at% of Ir addition to the base material TMS-63, and 
Re-containing TMS-80 and TMS-91 were obtained by 
the 0.8at% of Ir addition, and the 0.9at% of Ru and 
1.5at% of Ni addition to the base material TMS-75, 
respectively. The alloys were solution treated at 1300°C 
for lh followed by 1320°C for 5h and gas fan cooled. 
After then, TMS-91 was aged at 1150°C for 4h followed 
by gas fan cooled, and the other two alloys were aged at 
1100°C for 5h and water quenched to form coherent 
cuboidal y ’ precipitates. The materials were then 
examined using SEM, TEM and atom-probe field ion 
microscopy (APFIM). 

Figure 6 shows the typical SEM images of (a)TMS-75, 
(b)TMS-80’4’ and (c)TMS-91, respectively. SEM 
observation revealed that the as-aged alloys all have a 
coherent y and y ’ two-phase structure with y ’ 
precipitates being -0.5pm in size. Although the size of 
the y ’ precipitates is somewhat different among the 
alloys, the shape of the y ’ precipitates is almost 
identical, suggesting that Ir or Ru addition does not 
drastically change the microstructure of the alloys. It 
should also be noted that there are no detrimental phases 
such as TCP phases observed in all the alloys. 
Since the average size of y ’ precipitates of the alloys is 
less than lpm after heat treatment, it is very difficult to 
identify y and y ’ phase compositions using SEM-EDX 
analysis. TEM and APFIM analyses were therefore 
conducted to understand the microscopic distribution of 
alloying elements. Figure 7(a) shows the dark-field 
transmission electron micrograph of heat-treated TMS- 
91. In this figure, primary precipitates with lOO-400nm 
in size, together with the small secondary y ’ precipitates 
being -1Onm in size are clearly observed. It should be 
noted that the secondary y ’ precipitates are not observed 
in the narrow y channels, but they are observed in the 
central region of wide y channels. Since the APFIM 
analysis is chemical identification of atoms successively 
field evaporated from the surface, if the analysing region 
is such like Figure 7(b), chemistry change between a 
primary y ’ precipitate and a y matrix in the narrow 
channel can be obtained. Also, if the APFIM specimen 
is prepared like Figure 7(c), chemistry change between 
secondary cooling y ’ precipitates and a y phase in the 
wide channel can be obtained. Microscopic partitioning 
behaviour of alloying elements can be determined in this 
manner. In order to visualise the partitioning behaviour 

Figure 6: Typical SEM images of (a) TMS-75, (b) TMS- 
80”’ and (c)TMS-91. 

of alloying elements, so-called ‘ladder diagram’ is used, 
where the cumulative number of each solute atom is 
plotted against the total number of detected atoms. 
Hence, the horizontal axis includes depth information 
and the gradient of each curve corresponds to the local 
concentration of each element, respectively. Figure 8 is 
the typical ladder diagram of TMS-91 showing the 
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Figure 7: (a)Dark field TEM image of TMS-91 and 
schematic diagrams of APFIM specimen for analysing 
(b)narrow y channel and y’, and (c)wide y channel and 
cooling y’. 

chemistry change in a wide y channel. The specimen 
used in this analysis corresponds to Figure 7(c). This 
figure indicates that Ru, together with Cr, Co, MO, W 
and Re, have a preference to partition into the y phase 
whereas Ta having a preference for the secondary y ’ 
precipitates. In Ru-containing TMS-91, partitioning 
behaviour of alloying elements between (a) primary 
cuboidal y ’ phase and wide y channel with secondary y ’ 
precipitates, (b) primary y ’ phase and wide y channel 
without secondary y ’ phase, (c) primary y ’ phase and 
narrow y channel, and (d) secondary cooling y ’ 
precipitates and wide y channel, are determined in this 
manner and they are summarised in Figure 9. This figure 
indicates that (1) Ru always partitions to the y phase 
with k,,-1.6 to 2.5. (2) partitioning of case (d) is less 

753 

0 2000 4000 6000 8000 10000 12000 ,400o 16000 
Number of Total Ions 

Figure 8: Ladder diagram of TMS-91 showing the 
chemistry change in a wide y channel. 
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Figure 9: Partitioning behaviour of alloying elements in 
TMS-91 as a function of k,. 

prominent than the other cases. (3) partitioning 
parameters of alloying elements for case (b) are almost 
identical to those for case (c), suggesting that alloying 
elements in the y phase almost uniformly distribute 
either in a narrow channel or a wide channel, provided 
that secondary cooling y ’ phase is omitted. From these 
results, the diffusion of alloying elements during 
cooling process can be explained as follows. Under 
equilibrium condition, y ’ volume fraction increases as 
temperature decreases. Therefore, when the alloy is 
cooled, supersaturated solute atoms in the y phase at y 
and y ’ interface tend to dissolve into the growing y ’ 



precipitates. On the other hand, in the middle of wide y 
channel, there remains the supersaturated y region where 
nucleation of secondary y ’ precipitates occurs. Once 
secondary y ’ phase is precipitated, solute atoms in the 
wide y channel would either dissolve into the primary y ’ 
precipitates or secondary cooling y ’ precipitates. In this 
way, concentration of alloying elements in the y phase 
becomes uniform. It is thus suggested that case (a) 
should be used to describe the partitioning behaviour of 
alloying elements at the aged temperature. It should also 
be noted that even though chemical identification of 
extracted y ’ phase is regarded as the most accurate way 
of determining y ’ phase composition, it does not always 
describe the composition of y ’ phase at a certain 
temperature if the extracted y ’ includes both primary and 
secondary precipitates. 
The partitioning behaviour of Ir in Ni-base single crystal 
superalloys has also been investigated. Figures 10 and 
11 are the ladder diagrams of TMS-79@) and 80(4) 
showing composition change at y / y ’ interfaces, 
respectively. As for partitioning, all the alloying 
elements except for Ir behaves similarly to TMS-91, 
that is, Cr, Co, MO, W and Re have a preference to 
partition into the y phase whereas Ta having a 
preference for the y ’ phase. Note that while having a 
slight preference for the y phase in the Re-free alloy 
TMS-79, Ir tends to partitione to the y ’ phase in the Re- 
containing alloy TMS-80. Experimental results for Ni- 
Al-Ir ternary alloys confirmed that Ir inherently has a 
preference to partition to the y phase rather than the y ’ 
phase. However, since the partitioning tendency of Re to 
the y phase is much stronger than that of Ir, Ir atoms 
are rejected from the y phase due to the presence of Re. 
These results suggest that among alloying elements, 
‘competition of partitioning’ takes place in Ni-base 
superalloys. 

Partitioning behaviour of alloying elements in TMS-75, 
Ru-containing TMS-91 and Ir-containing TMS-80 are 
summarized by the partitioning parameter k,, as shown 
in Figure 12. In TMS-91, Ru prefers to partition to the 
y phase with k,,-2.0. When compared with TMS-75, 
k, decreases from 1.6 to 1.3 while kRe keeps constant by 
the addition of Ru. O’Hara et al reported in their patent 
document that the addition of Ru to their alloys causes 
the partition of Al and Ti to y phase, while Re, W and 
Cr in concentration in the y ’ phase@). Although our 
study almost supports O’Hara’s report, there are some 
discrepancies. For instance, partitioning behaviour of Re 
should be re-considered. In TMS-80, on the other hand, 
Ir addition does not affect the partitioning behaviour of 
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Figure 10: The ladder diagram of TMS-79 showing 
composition change at y / y’ interfacest2’. 
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Figure 11: The ladder diagram of TMS-80 showing 
composition change at the y / y’ interface’“‘. 

other alloying elements. From these results, it is 
suggested that there is an order of alloying elements 
having stronger preference to partition to the y phase, 
which can be determined from the partitioning 
parameters as Re > Cr > (MO, Ru, Co) > W > Ir. 
Further investigation is now being conducted to 
investigate the distribution of other PGMs in multi- 
component N&base superalloys and their mechanical 
properties. 
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Figure 12: Partitioning behaviour of alloying elements 
in TMS-75,80 and 9 1. 

Conclusions 

The distribution of PGMs in N&base y and y ’ two 
phase alloys was investigated and the following results 
have been obtained 
1. For Ni-Al-PGM ternary alloys: 
(1) addition of Ir and Ru increases, whereas addition of 
Pt and Pd decreases the melting temperatures. 
(2) The third phase enriched in Al and PGM is 
precipitated in 5Rh, 9Rh, 9Ru and 9Ir alloys. This 
phase may be attributed to fi phase with composition 
being approximately 50at% of (Ni+PGM) and 50% of 
Al. 
(3) For alloys having y and y ’ two phase structure, Ru 
and Ir have preference to partition to the y phase while 
Pt, Pd, and Rh prefer the y ’ phase. 

2. For Ru- and Ir-containing multi-component Ni-base 
single crystal superalloys:, 
(1) Ru has a preference to partition into the y phase 
while partitioning behaviour of Ir is composition 
dependent, in the Re-free alloy TMS-79, Ir behaves 
similarly to ternary alloys, whereas in Re-containing 
TMS-80, Ir has a preference to partition to the y ’ phase. 
(2) The order of alloying elements having stronger 
preference to the y phase can be determined from the 
partitioning parameters as Re > Cr > (MO, Ru, Co) > 
W > Ir. 

Acknowledgement 

This work is carried out in the scheme of ‘High 
Temperature Materials 21’ project. The authours are also 
grateful to Dr. S. Ito and Mr. H. Yamaguchi for 
analysing the composition of Ni-Al-X ternary alloys. 

References 

1. D.J. Frasier et al., “Process and Alloy Optimization 
for CMSX-4 Superalloy Single Crystal Airfoils,” 

“ * Proceed& of the conference HI@ Tern- 
. . Mat ri 1s for Pow r EnEmeermE 1990 

(19;O): 1281-130;. 
“, Li&ge, Belgium 

2. H. Murakami et al., “Atom Probe Microanalysis of 
Ir-bearing Ni-based Superalloys,” Mat. Sci. En& A250 
(1998), 109-114. 
3. H. Murakami et al., “The location of Atoms in Ir- 
Containing Ni-Base Single Crystal Superalloys,” 

“ . Proceedings of the conference Hl$ Te 
. . ~-for 1998”, Litge, Belgium 

(1998), 1139-11:;. 
4. H. Murakami et al., “The Distribution of Ir in Ni- 
base Single-Crystal Superalloys”, EroceedinEs of the 

. . . international svmnosium of m$llrm, Ed. By E. K. 
Ohriner et al., Nashville, Tennessee, USA, (2000), 121- 
128. 
5. T. Kobayashi, et al., “Design of High Rhenium 
Containing Single Crystal Superalloys with Balanced 
Intermediate and High Temperature Creep Strengths”, 
Proceedinps of the Fourthles Parsons 
v Ed. by A. Strang et al, Newcastle 
upon Tyne, U.K. (1997), 766-773. 
6. K.S. O’Hara et al., “Nickel Base Superalloy and 
Article”, U. 5,482,789, (1996). 
7. T. B. Massalski, Binary Alloy Phase Dia_mam& 
(ASM International, 1990). 
8. H. Murakami, H. Harada and H.K.D.H. Bhadeshia, 
“The Location of Atoms in Re- and V- containing 
Multicomponent Nickel-base Single-crystal 
superalloys,” wSurf. 76/77(1994), 177-183. 

. . 9. M. Winter, WebElewme table on th 
World-Wide Web, h#p://www.webe~ents.com, 
10.H. Harada et al., “Design of High Specific-strength 
Nickel-base Single Crystal Superalloys,” Proceedings 
&he conference “Hich Temper&se Makds for Rwm 
m 1990”, Ligge, Belgium (1990), 1319-1328. 
ll.H. Harada et al., “Computer Analysis on 

755 



Microstructure and Property of Nickel-base Single 
Crystal Superalloys,” Proceedings of the 5tA 
International Conference on Creeu and Fracture of 

reals and Structures, Swansea, U.K. 

12.K. Koizumi et al., “Third Generation Single Crystal 
Superalloys with Excellent Processability and Phase 

I‘ - Stability,” Proceedings of the conference H~ph 
&muerature Materials for Power Engineerinv n 1998 , 
Liege, Belgium (1998), 1089-1097. 

756 


	Table of Contents
	-------------------------
	Next Page
	Previous Page
	-------------------------
	Next Hit
	Previous Hit
	Search Results
	New Search
	-------------------------
	Keynote Address
	Superalloys: The Utility Gas Turbine Perspective

	Ingot, Powder and Deformation Processing 
	Characterization of Freckles in a High Strength Wrought Nickel Superalloy
	Simulation of Intrinsic Inclusion Motion and Dissolution during the Vacuum Arc Remelting of Nickel Based Superalloys
	Predicting Grain Size Evolution of UDIMET(r) Alloy 718 during the "Cogging" Process through Use of Numerical Analysis
	Control of Grain Size Via Forging Strain Rate Limits for R'88DT
	Sub-Solvus Recrystallization Mechanisms in UDIMET(r) Alloy 720LI
	The Mechanical Property Response of Turbine Disks Produced Using Advanced PM Processing Techniques
	Segregation and Solid Evolution during the Solidification of Niobium-Containing Superalloys
	Microstructural Evolution of Nickel-Base Superalloy Forgings during Ingot-to-Billet Conversion: Process Modeling and Validation
	Removal of Ceramic Defects from a Superalloy Powder Using Triboelectric Processing
	Production Evaluation of 718ER(r) Alloy
	Quench Cracking Characterization of Superalloys Using Fracture Mechanics Approach
	Development and Characterization of a Damage Tolerant Microstructure for a Nickel Base Turbine Disc Alloy
	The Microstructure Prediction of Alloy 720LI for Turbine Disk Applications
	Characteristics and Properties of As-HIP P/M Alloy 720
	Enhanced Powder Metallurgy (P/M) Processing of UDIMET(r)Alloy 720 Turbine Disks - Modeling Studies
	Characterization and Thermomechanical Processing of Sprayformed Allvac(r) 720Alloy

	Solidification and Casting Processing
	Properties of RS5 and Other Superalloys Cast Using Thermally Controlled Solidification
	Advanced Superalloys and Tailored Microstructures for Integrally Cast Turbine Wheels
	Improved Quality and Economics of Investment Castings by Liquid Metal Cooling - The Selection of Cooling Media
	A Novel Casting Process for Single Crystal Gas Turbine Components
	Carbon Additions and Grain Defect Formation in High Refractory Nickel-Base Single Crystal Superalloys
	New Aspects of Freckle Formation during Single Crystal Solidification of CMSX-4
	Competitive Grain Growth and Texture Evolution during Directional Solidification of Superalloys
	Recrystallization in Single Crystals of Nickel Base Superalloys
	Structure of the Ni-Base Superalloy IN713C after Continuous Casting
	The Thermal Analysis of the Mushy Zone and Grain Structure Changes during Directional Solidification of Superalloys
	Freckle Formation in Superalloys
	Modelling of the Microsegregation in CMSX-4 Superalloy and its Homogenisation during Heat Treatment
	Enhancement of the High Temperature Tensile Creep Strength of Monocrystalline Nickel-Base Superalloys by Pre-rafting in Compression

	Blade Alloys
	Alloying Effects on Surface Stability and Creep Strength of Nickel Based Single Crystal Superalloys Containing 12 Mass% Cr
	Evaluation of PWA 1483 for Large Single Crystal IGT Blade Applications
	Effect of Ru Addition on Cast Nickel Base Superalloy with Low Content of Cr and High Content of W
	Prediction and Measurement of Microsegregation and Microstructural Evolution in Directionally Solidified Superalloys
	Development of a Third Generation DS Superalloy
	The Development and Long-Time Structural Stability of a Low Segregation Hf-free Superalloy - DZ125L
	The Growth of Small Cracks in the Single Crystal Superalloy CMSX-4 at 750 and 1000 C
	The Influence of Load Ratio, Temperature, Orientation and Hold Time on Fatigue Crack Growth of CMSX-4
	Modelling the Anisotropic and Biaxial Creep Behaviour of Ni-Base Single Crystal Superalloys CMSX-4 and SRR99 at 1223K
	CBED Measurement of Residual Internal Strains in the Neighbourhood of TCP Phases in Ni-Base Superalloys
	The Influence of Dislocation Substructure on Creep Rate During Accelerating Creep Stage of Single Crystal Nickel-based Superalloy CMSX-4
	Oxidation Improvements of Low Sulfur Processed Superalloys

	Disk Alloys
	Optimisation of the Mechanical Properties of a New PM Superalloy for Disk Applications
	g' Formation in a Nickel-Base Disk Superalloy
	Microstructure and Mechanical Property Development in Superalloy U720LI
	Sub-Solidus HIP Process for P/M Superalloy Conventional Billet Conversion
	Effect of Oxidation on High Temperature Fatigue Crack Initiation and Short Crack Growth in Inconel 718
	The Effects of Processing on Stability of Alloy 718
	Long Term Thermal Stability of Inconel Alloys 718, 706, 909 and Waspaloy at 593 C and 704 C
	Effects of Microstructure and Loading Parameters on Fatigue Crack Propagation Rates in AF2-1DA-6
	The Common Strengthening Effect of Phosphorus, Sulfur and Silicon in Lower Contents and the Problem of a Net Superalloy
	Simulation of Microstructure of Nickel-Base Alloy 706 in Production of Power Generation Turbine Disks

	Mechanical Behavior
	Influence of Long Term Exposure in Air on Microstructure, Surface Stability and Mechanical Properties of UDIMET 720LI
	Effects of Grain and Precipitate Size Variation on Creep-Fatigue Behaviour of UDIMET 720LI in Both Air and Vacuum
	Effects of Local Cellular Transformation on Fatigue Small Crack Growth in CMSX-4 and CMSX-2 at High Temperature
	Multiaxial Creep Deformation of Single Crystal Superalloys: Modelling and Validation
	Investigations of the Origin and Effect of Anomalous Rafting
	Stress Rupture Behavior of Waspaloy and IN738LC at 600 C in Low Oxygen Gaseous Environments Containing Sulfur
	Isothermal and Thermomechanical Fatigue of Superalloy C263
	Structure/Property Interactions in a Long Range Order Strengthened Superalloy
	Microstructural Changes in MA 760 during High Temperature Low Cycle Fatigue
	High Temperature Low-Cycle Fatigue Behavior of Haynes 230 Superalloy
	High Cycle Fatigue of ULTIMET Alloy
	The Effect of Strain Rate and Temperature on the LCF Behavior of the ODS Nickel-Base Superalloy PM 1000
	Effect of Thermomechanical Processing on Fatigue Crack Propagation in INCONEL Alloy 783
	The Ductility of Haynes(r) 242 Alloy as a Function of Temperature, Strain Rate and Environment

	Coatings, Welding and Repair
	Processing Effects on the Failure of EBPVD TBCs on MCrAlY and Platinum Aluminide Bond Coats
	Compositional Effects on Aluminide Oxidation Performance: Objectives for Improved Bond Coats
	Modelling and Neutron Diffraction Measurement of Stresses in Sprayed TBCs
	Interdiffusion Behavior in NiCoCrAlYRe-Coated IN-738 at 940 C and 1050 C
	Effect of Coating on the TMF Lives of Single Crystal and Columnar Grained CM186 Blade Alloy
	Process Modelling of Electron Beam Welding of Aeroengine Components
	Novel Techniques for Investigating the High Temperature Degradation of Protective Coatings on Nickel Base Superalloys
	Sintering of the Top Coat in Thermal Spray TBC Systems Under Service Conditions
	Overaluminising of NiCoCrAlY Coatings by Arc PVD on Ni-Base Superalloys
	The Influence of B, P and C on Heat Affected Zone Micro-Fissuring in INCONEL type Superalloy
	Improving Repair Quality of Turbine Nozzles Using SA650 Braze Alloy
	Improving Properties of Single Crystal to Polycrystalline Cast Alloy Welds through Heat Treatment

	Alloy Development
	Development of a New Single Crystal Superalloy for Industrial Gas Turbines
	High g' Solvus New Generation Nickel-Based Superalloys for Single Crystal Turbine Blade Applications
	Distribution of Platinum Group Metals in Ni-Base Single Crystal Superalloys
	Development of A Low Angle Grain Boundary Resistant Single Crystal Superalloy YH61
	Topologically Close Packed Phases in an Experimental Rhenium Containing Single Crystal Superalloy
	A Low-Cost Second Generation Single Crystal Superalloy DD6
	The Development of Improved Performance PM UDIMET(r) 720 Turbine Disks
	Microstructural Stability and Crack Growth Behaviour of a Polycrystalline Nickel-Base Superalloy
	The Application of CALPHAD Calculations to Ni-Based Superalloys
	Formation of a Pt2Mo Type Phase in Long-Term Aged INCONEL Alloy 686
	Development of New Nitrided Nickel-Base Alloys for High Temperature Applications
	MC-NG: A 4th Generation Single-Crystal Superalloy for Future Aeronautical Turbine Blades and Vanes


