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Two single crystal nickel-base superalloys of the first and second generation (PWA 1483 and René N5)
were diffusion brazed with two different germanium containing brazing materials which were opti-
mised for each alloy. The two-phase microstructure of the single crystalline brazing joint consists of a y’
precipitate phase embedded in a 'y matrix.

The local mechanical properties of the y- and y'-phases and the lattice misfit of single crystalline nickel-
base superalloy brazing joints were measured over the joint region and the surrounding base material.
The results for both systems show strong differences in the properties with respect to local chemical
composition, hardness and lattice constants. The y-phase in the joint center and the base material has
almost the same hardness, whereas a large difference was found for the y’-phases respectively. In both
alloys the hardness of the y’-phase in the base material was about 15% higher than in the joint. The lattice
misfit at room temperature was negative in both base materials. In case of the brazing joint of René N5
a positive lattice misfit was measured, while the PWA 1483 joint shows a negative misfit in the former
gap center. Accordingly the microstructural evolution of each brazing joint shows significant differences
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during creep.
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1. Introduction

Due to the high cost of single crystalline (SX) nickel-base
superalloy components the development of joining techniques for
turbine blades and the development of repair processes for fatigue
cracks is a worthwhile goal. Research on the applicability of tran-
sient liquid phase bonding (TLP) for joining and repair of such
materials has shown a high potential of this method for both pur-
poses [1,2]. TLP-bonding is a process where gap closure is achieved
by isothermal solidification of the braze. The solidification takes
place due to the outward diffusion of the so called melting point
depressing element, which lowers the melting point of the braze
alloy. By diffusion into the base material the melting point of the
liquid braze increases at the solid liquid interface and the mate-
rial solidifies. By this process the brazing zone can solidify fully
from outward to inward when enough time is allowed for the dif-
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fusion process to take place. This process allows closure of the gap
in a single crystalline manner. Brazing materials available commer-
cially so far for polycrystalline nickel-base superalloys are boron
based. While boron is present as a grain boundary strengthener
in many polycrystalline superalloys, the use of boron as a melting
point depressing element in nickel-base superalloys can result in
the formation of borides. This is unwanted due to their detrimental
effects on the fatigue life [3].

Germanium, however, is an efficient melting point depressing
element in nickel-base alloys and forms a Ni3Ge L1,-precipitate
phase in the Ni-Ge binary system. These Ni3Ge precipitates are
isomorphous with the regular Ni3Al based y'-precipitates present
in nickel-base superalloys. Recent work has shown the poten-
tial of germanium based brazing alloys [4,5]. Single crystalline
joints could be produced and the mechanical properties evaluated
in terms of nanoindentation of the joint region and hot tensile
tests compared favourably with the substrate material. The results
demonstrate a strength level of the joints of about 80-90% of the
base materials.

To understand the mechanical behaviour and the microstruc-
tural evolution in the joint region a more thorough investigation
of the local properties within the joint in terms of the mechani-
cal properties of the y-matrix phase as well as the y’-precipitate
phase is necessary. This can be accomplished by applying nanoin-
dentation in the atomic force microscope (NI-AFM) which already
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PWA 1483 + NiGe23

René N5 + NiGe20

Fig. 1. Light micrograph (dark field images) of the brazing zone of PWA 1483 with NiGe23 and René N5 with NiGe20. The positions where the hardness measurements were
performed in the joint area and base material are indicated by letters a and b, respectively.

demonstrated its ability to measure the hardness of the phases y
and v’ in nickel-base superalloys separately [6-8].

Furthermore the lattice misfit of the joint is measured by X-ray
diffraction (XRD). In the two-phase nickel-base superalloys, con-
sisting of the fcc matrix phase (vy) and the coherently embedded
L1, phase ('), the lattice misfit § is defined as

2(ay —ay)

§=—r—= (1)

ay +ay

where a,, and ay denote the lattice parameters of the y'- and the
v-phases, respectively. The lattice misfit and its magnitude has a
profound influence on the microstructural evolution of the y/vy'-
morphology. A negative lattice misfit at high temperatures, which
is common for most commercially used nickel-base superalloys,
results in the formation of rafts perpendicular to the stress axis
under tensile loads and rafts parallel to the stress axis under com-
pressive loads in creep tests [9,10].

Fig. 2. AFM images of the microstructures after the brazing heat treatment including nanoindents in the -y and y’ phase: (a) center of the brazing zone of PWA 1483 with
NiGe23; (b) base material PWA 1483; (c) center of the brazing zone of René N5 with NiGe20 and (d) base material Rene N5.
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Table 1

Chemical compositions of the two parent alloys in wt.%.
Alloys Ni Cr Co Mo '\ Al Ti Ta Re
PWA 1483 Balance 122 9 1.9 38 36 41 5 -
René N5 Balance 7 75 1.5 5 6,2 - 6.5 3

2. Experimental

The brazing joints examined in this study were processed
at the Institute of Science and Technology of Metals at the
University of Erlangen (Prof. R.F. Singer). As base materials
the single crystal nickel-base superalloys PWA 1483 and René
N5 were used, which are alloys of the first (Owt.% rhenium)
and second generation (3wt.% rhenium), respectively. Com-
positions are given in Table 1. Brazing alloys were binary
nickel-germanium alloys with 20wt.% germanium for René N5
and 23 wt.% germanium for PWA 1483, respectively. Subsequently,
these combinations are termed PWA 1483 +NiGe23 and René
N5 +NiGe20.

The brazing was performed at 1160°C for 55h for PWA
1483 +NiGe23 and at 1200°C for 48 h for Rene N5 +NiGe20. The
samples were subsequently furnace cooled to room temperature.

Ideally the initial gap which was brazed is oriented perpendicu-
lar to the solidification direction (here [1 0 0]). Details of the process
can be found in [5].

The base materials possess a two phase y/y’-microstructure. In
the pre-brazing condition the vy’-particles are of cuboidal shape
with an approximate edge length of about 0.5 pm. The faces of the
v'-cubes are aligned parallel to the (00 1) crystallographic direc-
tions.

2.1. Nanoindentation

Nanoindentation experiments were performed at room temper-
ature in a Veeco Instruments Multimode atomic force microscope
equipped with an add-on Triboscope force transducer from
Hysitron. Sample preparation included standard mechanical pol-
ishing to 1wm by using diamond slurry. Final polishing was
done with a chemical mechanical polish with 0.125um silica
slurry. In all indentation experiments a diamond cube cor-
ner tip (three sided pyramid) with a tip angle of 90° was
used. The benefit of the cube corner indenter is a higher
induced plastic strain for a given indentation depth compared
with the frequently employed Berkovich indenter. The tip-
shape functions, projected area versus indentation depth, were
determined with the Oliver/Pharr method [11] by reference inden-
tation in fused silica. The machine compliance was taken into
account.

This tip was used for indentation as well as imaging. The inden-
tation of the - and vy’-phase in the atomic force microscope has
already been shown in various studies [6-8,12]. Due to the small
applied loads which lead to indentation depths of just about 50 nm
it was possible to measure within the narrow y-channels of high
volume fraction y’-hardened nickel-base superalloys.

The load and corresponding displacement are recorded contin-
uously during indentation. The hardness H was derived from the
nanoindentation experiments by evaluation of the load displace-
ment curve according to the Oliver Pharr method [11]. The hardness
H is calculated by

Pmax
H= 2
S @)

where Pnpax is the maximum force during indentation and A¢ the
projected contact area. In this case the maximum force was kept
constant at 500 wN.

2.2. X-ray diffraction

The XRD measurements were performed with a
Philips/Panalytical PW3050/65 X'Pert PRO HR horizontal diffrac-
tometer. A Ge (220)-4 bounce primary monochromator was used
to monochromatize the X-ray beam using the Ky;-radiation for
diffraction measurements and eliminate the K,y-radiation. The
X-ray beam was narrowed by slits resulting in an irradiated
area of about 400 wm in width and a few millimetres in length.
The diffracted intensity was recorded with a 3-bounce analyser
crystal. The (002) reflections were detected for each material.
They were recorded stepwise from the base material over the
joint. Local measurements were done every 50 pm across the
joint. Each scan was performed within the 26 range from 50° to
51.5° with a step size of 0.02°. Although the incident beam size
is rather narrow the size of focus area is bigger than the width
of the joint. Additionally, the joint is not exactly perpendicular
to the solidification direction but deviates by about 7° for PWA
1483 +NiGe23 and 18° in the case of Rene N5+NiGe20. Accord-
ingly, the irradiated area was not exactly parallel to the joint either,
so that data from measurement positions nominally located in the
joint area also include some information from the interdiffusion
zone.

Nevertheless, it is possible to extract differences in the local
lattice parameters of the joint area and the base material.

For the evaluation of the lattice parameters of the two phases
v and v’ and the calculation of the lattice misfit the XRD-
profiles were de-convoluted with two Pseudo-Voigt functions.
The ratio of the integrated intensity of the y- and vy'-subpeaks
was chosen 40:60. This corresponds approximately with the vy'-
volume fraction in the base material as well as in the joint [4]
by assuming that the structure factor of both phases is similar
[13].

2.3. EDX-measurements

SEM-EDX measurements were made at a ZEISS Cross Beam
1540 ESB Focused Ion Beam equipped with field emission elec-
tron source. The instrument was only used in the scanning electron
microscope mode in the present study. EDX measurements were
performed with an attached Oxford EDX system. For each data
point 25 spots were analysed within the joint region and the base
material. For calibration a Co standard was used.

In order to measure the partitioning behaviour of Ge between vy
and v/, TEM-EDX measurements were performed. Due to the com-
plicated preparation efforts necessary to obtain a TEM specimen of
the brazing zone this was done exemplarily on a René N5 + NiGe20
sample. The area of interest was prepared as a TEM-lamella using
FIB. For the EDX-measurements an Oxford EDX-System was used
at a Philips CM200 Transmission Electron Microscope operating at
200KkV acceleration voltage. The nominal spot size was 7 nm and
the proprietary Oxford software was used for quantification of the
EDX-spectra. The results stem from five measurements in the y’
phase and five measurements in the vy matrix, respectively.

3. Results
3.1. Microstructure

Light micrographs giving an overview of two brazing zones are
shown in Fig. 1. In these micrographs the positions of the nanoin-
dentation experiments are indicated by letters a and b.

Within these micrographs the brazing area can be easily distin-
guished from the surrounding base material. Additionally besides
the indicated former gap, an area with different appearance adja-
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cent to the gap can be identified. Due to the diffusion induced
changes in chemical composition this area exhibits a modified etch-
ing behaviour compared to both the base material and the gap
center. No formation of coarse unwanted precipitates of any type
can be found within the brazing area.

The microstructures as imaged in the atomic force microscope
are shown in Fig. 2 for PWA 1483 and René N5 brazings. The
microstructure of the PWA joint, presented in Fig. 2a, shows a
relatively homogeneous distribution of the y'-precipitates within
the joint center, whereas the microstructure in the base material
exhibits a bimodal particle distribution of coarse as well as fine y'-
particles (Fig. 2b). The indentations can also be seen in the images.
The shape of the precipitates appears to be cubic in the joint cen-
ter with an edge length in the range of 1 wm. In the base material
the large particles are several microns in diameter and the fine
precipitates are below 500 nm in size.

The atomic force microscope images of the joint and the base
material of René N5+ NiGe20 are presented in Fig. 2c and d, respec-
tively.It can be seen from Fig. 2c that the shape of the y'-precipitates
in the joint area is partially cubic with an approximate size of 1 wm.
The size of the y'-precipitates in the base material is below 1 um
and the shape of the particles is not cubic anymore. The microstruc-
ture here shows no sign of a pronounced bimodality.

3.2. Nanoindentation

The results of the nanoindentation experiments are shown in
Fig. 3. In this diagram each data point represents at least 5 indi-
vidual measurements in each phase. In Fig. 33, the hardness of the
v and the vy’-phase in the initial gap region and the base material
for PWA1483 + NiGe23 is plotted. The hardness in the matrix phase
v is almost identical in the gap region and the substrate material
with a value of about 5.7-5.9 GPa. The hardness of the y’-phase
shows a bigger difference. Here the y’-phase in the base material
has a hardness of 9.7 GPa while in the gap a hardness of 8.6 GPa
was found. This gives a y'/y hardness ratio of 1.5 in the gap center
and of 1.6 in the base material. In the second generation superal-
loy René N5 the results are comparable to the previously presented
PWA 1483 data. Also in this case the hardness of the matrix phase
differs only slightly between gap region and base material. Here
values of 6.8-6.9 GPa were measured within the gap and the base
material. The difference for the y’-phase is more pronounced with
hardness values of 9.5 GPa in the parent material and 8.3 GPa in the
jointregion. The y'/y-hardness ratios are calculated to be 1.2 in the
joint region and 1.4 in the base material.

The elastic modulus of the " precipitate phase and the y matrix
in the base material and the joint region of PWA1483 + NiGe23 and

a) PWA1483 + NiGe23 | b) René N5 + NiGe20
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Fig. 3. Nanoindentation results for the brazings of (a)PWA 1483 +NiGe23 and
(b)René N5 +NiGe20.

Rene N5 + NiGe20 measured with the cube corner tip is in the range
of 190-213 GPa. This is close to the modulus of PWA 1483 and René
N5 measured by conventional nanoindentation at room tempera-
ture [4]. However due to the shape of cube corner tip, the elastic
deformation is rather small compared to a Berkovich indenter and
therefore an interpretation of the data is not reasonable.

3.3. Lattice misfit

For both material systems a XRD scan was performed over the
complete joint areas. From the diffraction angle the lattice parame-
ters can be calculated according to Bragg’s law. Although the beam
width does not allow measurements with a lateral resolution high
enough to measure the joint center separately, nevertheless sig-
nificant differences of the lattice misfit between joint center and
surrounding base material could be detected. In Fig. 4 the result-
ing plots of the intensity versus the lattice parameter over the
joint region are shown for (a) PWA 1483 + NiGe23 and for (b) René
N5 +NiGe20. It can be seen, that the width of the brazing affected
zone is about 1 mm for both specimens. This corresponds well with
the width of the diffusion affected zone of about 800 pm measured
by electron probe micro analysis (EPMA) [4]. Also it is visible that
within the former gap center the overall lattice parameter, i.e. the
combined averaged parameter for y and v/, is lower than in the
base material. In comparison with each other the mean value of
the lattice parameter of the René N5 braze is slightly lower than for
the PWA 1483 braze.

Fig. 5 shows selected diffraction profiles from measurements
inside the joint center and in the base material for PWA 1483 and
René N5, respectively. Within the figures the profiles, as recorded
in the diffractometer, together with the de-convoluted sub-profiles
forvyand ' areillustrated. For both regions in the PWA 1483 sample
a negative lattice misfit is calculated, namely —0.09% for the joint
center and —0.145% for the base material, respectively. Accordingly,
in both regions the lattice parameter of the y-matrix is higher than
that of the y’-phase, whereas both, 'y and y/, possess lower lattice
parameters within the joint. In the joint center the mean lattice
parameter is measured as 0.35835 nm compared to 0.3594 nm in
the base material in PWA 1483.

For René N5 the mean lattice parameter does not vary strongly
between joint and base material with 0.3580 nm and 0.35835 nm,
respectively. Furthermore from the peak asymmetry of the com-
bined profiles and the de-convoluted sub-profiles of y and ' it is
obvious that the misfit changes significantly. A negative misfit is
found in the base material, whereas the misfit is positive in the joint
region. It is clearly visible that this change can be ascribed to the
strong change in the lattice parameter of the y-phase. The resulting
values for the misfit were +0.07% within the joint and —0.12% in the
parent material.

3.4. EDX measurements

The overall chemical composition of the joint area and the base
material was measured with the scanning electron microscope. The
results are shown in Fig. 6. Due to the interdiffusion the compo-
sitions of the initially binary braze alloys is strongly altered. The
concentration of alloying elements within the joint center of PWA
1483 +NiGe23 (Fig. 6a) and René N5+NiGe20 (Fig. 6b) strongly
increases compared to the pure braze alloy. The overall amount of
alloying elements in the joint zone reaches up to half of that of the
base material. Even for the rather slowly diffusing elements such as
molybdenum and tungsten a significant presence within the joint
area can be found, however less strongly concentrated. Especially
rhenium is almost absent within the joint zone of René N5 + NiGe20
(Fig. 6b).
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Fig. 4. Intensity plots of the (00 2) reflections over the brazing zones of (a) PWA 1483 + NiGe23 and (b) René N5 +NiGe20. The center of the brazing zone is at x=0 mm.

The local concentration of the alloying elements in the y matrix
phase and the v’ precipitate phase was determined by means of
TEM-EDX. The concentration of Ge in the joint region of René
N5 +NiGe20 is 6.6at.% in the y matrix phase and 8.5at.% in the
v’ precipitate phase. Accordingly the partitioning coefficient for Ge
kY'Y ge, which is the ratio of the concentration of Ge in the ' pre-
cipitate phase to y matrix phase, is of about 1.3. The partitioning
coefficients of the other y' forming elements Ta and Al are 1.4 and
2.8, respectively, which means that Ge is more equally distributed
than these both elements.

4. Discussion

The results from hardness and lattice misfit measurements are
explained with respect to the changes of the local chemical com-
positions between base material and joint region, the partitioning
behaviour of alloying elements and on the generally accepted
knowledge concerning their influences on the properties of the
phasesyand v'.

4.1. Hardness

For the PWA 1483 + NiGe23 as well as for the René N5 + NiGe20
brazed samples a decreasing hardness of the y'-phase from the base
material to the joint region was found. This might be one reason
why conventional nanoindentation experiments on the pm-scale
show a reduced hardness in the joint area by about 10% [4].

The extent of this y’-hardness reduction between base mate-
rial and joint region is almost equal for both alloys. This decreasing
hardness can be explained by a lower content of alloying elements
in the y’-phase in the joint region. Although pure Ni3zGe is harder
than NisAl [14], it is known that the properties of NizAl and also
Ni3Ge are very sensitive to alloying effects [15,16]. Alloying ele-
ments generally lead to an increase in flow stress in these materials
[15]. Especially tantalum (Ta) is known to be a very potent strength-
ening element. Therefore the general decrease in hardness of the
v’-phase in the joint region compared to the base material is under-
standable due to the lower amount of elements which partitions to
the y'-precipitates, namely Ta and in the case of PWA 1483 also Ti.
The fact that the hardness values for the y’-phase in the base mate-
rial of René N5 and PWA 1483 are almost identical although no Ti
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is alloyed in Rene N5 can be explained by the higher content of Ta
in the alloy René N5.

When comparing the hardness of the y-matrix phase in the
joint region with the hardness of the y-matrix phase in the base
material no distinct trend can be observed here in both alloys. The
nanoindentation measurements in the joint area as well as in the
base material yield comparable results, even though the amount
of solid solution strengthening alloying elements within the joint

region is strongly reduced compared to the base material. The con-
ceivable reasons for this are manifold. As can be seen from the AFM
images, the shape of the precipitates within the joint region is more
cubic, whereas in the base material it has already changed to a more
irregular morphology.

This can be explained by the high process temperatures and
the thermophysical properties of the alloys. The vy’ solvus temper-
ature of PWA 1483, as calculated by ThermoCalc (database TTNi7),
is 1170°C and only 10°C higher than the brazing temperature of
1160 °Cfor PWA 1483 + NiGe23. Accordingly the ' precipitates dis-
solve and only a very small y’-volume fraction is present. During
the brazing process the remaining y'-precipitates coarsen strongly.
The subsequent cooling leads to the precipitation of smaller '~
precipitates in the y-matrix and a bimodal microstructure in the
base material. In contrary the calculated y’ solvus temperature of
Rene N5 is 1270°C and 70 °C higher than the brazing temperature
of 1200°C for Rene N5 +NiGe20. As a consequence of the higher
v'-volume fraction at the brazing process the microstructure is
more uniform. However in both base materials the y’-precipitates
possess a largely irregular morphology.

This irregular morphology in connection with the Ilattice
mismatch measurements leads to the assumption that the y'-
precipitates in the base material are already incoherent or
semicoherent relative to the matrix. This could be expected as
they were exposed to a high temperature for an extended time
period during the brazing process. It is known that this will lead to
coarsening and the development of interfacial dislocations at the
precipitate/matrix interfaces [17]. Whereas the y'-precipitates in
the joint are either coherently embedded in the matrix or at least
the loss of coherency is not as pronounced since the y'-precipitates
had been formed during the brazing process and the interfacial dis-
location network were not developed fully yet. Consequently, the
coherency stresses within the y/y’ interfaces are more pronounced
in the joint center. This could lead to an additional hardening
effect.

Other possible reasons are the presence of secondary vy’ precip-
itates and the /vy’ partitioning behaviour of Ge in the joint region.
The TEM-EDX measurements on Rene N5+ NiGe20 show that Ge
partitions more equally between vy and v’ than Al and Ta. This leads
to a high concentration of Ge in the y phase which acts as a solid
solution hardening element in the y matrix.
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In the base material of René N5 +NiGe20 the hardness of the
v-phase is distinctively higher than in the base material of PWA
1483 + NiGe23. This can be rationalized by the presence of rhenium
in Rene N5. As rhenium is known to be a very potent solid solution
strengthening element for nickel [7,8] it probably also compensates
for the lower chromium content of Rene N5. Therefore this increase
in hardness for the matrix phase in the base material compared to
PWA 1483 is easily understood. However, only a very small amount
of rhenium is present in the joint center. It is unknown, if one of the
above mentioned possibilities, like the high concentration of Ge in
the vy matrix is responsible for the high hardness of the y matrix
in the joint region of the Rene N5 brazed sample. The hardness
ratios determined in the base material of PWA 1483 + NiGe23 and
René N5 +NiGe20, respectively are also in good agreement with
values reported for other first and second generation superalloys
in literature, e.g. CMSX-6 and CMSX-4 [7].

4.2. Lattice parameter and misfit

The first generation superalloy PWA 1483 exhibits significantly
higher lattice parameters of both the y-matrix as well as the y'-
phase compared to the second generation superalloy René N5. This
can be explained by the addition of Ti and the considerably higher
amounts of Cr in PWA 1483. Ti and Cr are known to partition pre-
dominantly to v'- in the case of Ti and to the y-phase in the case
of Cr [8,18]. It is also reported in literature that both elements
increase the lattice parameter of the respective phase [19]. In the
base material of both alloys the lattice misfit is negative with values
of —0.145% (PWA 1483) and —0.12% (René N5). However significant
differences in the lattice misfit of the joint region can be found in
both alloys. Interestingly, while the lattice mismatch in the joint
area of PWA 1483 + NiGe23 is negative as in the base material it is
positive in the joint region of the Rene N5 +NiGe20. Fig. 4 shows
that within the joint area of both alloys the lattice parameters of
both+yand ' are decreased whichresult from the lower overall con-
tent of alloying elements such as Ti, Ta, Cr, Mo, W and Re compared
to the base material (see Fig. 6). In general, the lattice parameter
for the pure element and binary precipitate phases Ni, Ni3Al and
Ni3Ge, which has a value of about 0.3516 nm [18], 0.3571 nm [20]
and 0.3567 nm [21], is lower than the values for the y- matrix and
v'-precipitates in typical alloys.

Since the lattice parameter of the y’-phase in the joint area is
almost similar in both alloys, the pronounced change of the lattice
misfit compared with the base material is caused by differences in
the lattice parameter of the vy-phase, as visible in Fig. 5. This is a
consequence especially of the alloying elements Cr and Re. PWA
1483 has a much higher content of Cr than René N5 and Cr has a
much higher diffusivity in Ni than Re [22]. Consequently after the
brazing heat treatment a significant amount of Cr has diffused from
the base material to the joint area in the PWA 1483 + NiGe23 and
the lattice parameter of the y-phase in the joint region and base
material is nearly equal. On the contrary in the case of the René
N5 +NiGe20 just a negligible amount of Re has diffused to the joint
area and the lattice parameter of the y-phase is lower than in the
base material and also lower than the lattice parameter of y'-phase.

The switch from the negative misfit in the base material to
the positive misfit in the joint area in René 5+NiGe20 has also
consequences for the evolution of the «y/y’-microstructure during
creep deformation. First creep tests under compression at 1000 °C
with applied loads of 200 MPa for René N5 +NiGe20 and 150 MPa
for PWA 1483 + NiGe23 resulted in a directional coarsening of the
v'-precipitates perpendicular to the external applied load in the
joint region of Rene N5 +NiGe20 and parallel in the joint region of
PWA 1483 +NiGe23, respectively (Fig. 7). For both alloys parallel
coarsening of the vy'-precipitates was observed in the base mate-

PWA 1483+NiGe23

Ebd

Fig. 7. Microstructure in the joint region after creep under compression at 1000°C
with applied loads of (a) 150 MPa for PWA 1483 +NiGe23 and (b) 200 MPa for René
N5 +NiGe20.

rial. If y/-particles coarsen parallel or perpendicular to the external
load depends on the character of the creep load, being either com-
pressive or tensile, and the sign of the lattice misfit [10]. Under
compressive load as applied in these tests parallel coarsening is
found for negative lattice misfit. This corresponds with the mis-
fit measured in the base materials of PWA 1483 and Rene N5 as
well as in the joint region of PWA 1483 +NiGe23. Perpendicular
coarsening of the y'-particles corresponds with the positive lattice
misfit measured in the joint area of Rene N5 + NiGe20. In summary,
this different microstructural evolution in the joint regions during
creep confirms clearly the opposite sign of the local lattice misfit
of René N5 +NiGe20 (positive) and PWA 1483 + NiGe23 (negative)
measured by XRD. The result that the diffusion process leads to
different directional rafting is of great importance as, in addition to
the solid solution hardening, the direction of the rafted microstruc-
ture might influence the mechanical properties of the joint region
as well. A more detailed description of these creep tests will be
published elsewhere.

5. Conclusions

The investigation on the local properties of single crystalline
brazing joints in two nickel-base superalloys revealed the follow-
ing:

- The microstructure within the joint consists of a y matrix and
L1,-precipitates.

- The measurements with the NI-AFM show reduced hardness for
the y'-precipitates in the joint area relative to the base material
for both alloy systems.

- The hardness of the y-matrix is comparable in the joint area and
the base material for both alloy systems.
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- In PWA 1483 + NiGe23 the lattice misfit is negative both in the
joint as well as in the base material. This leads to a directional
coarsening parallel to the external applied compressive load in
the joint region of PWA 1483. The absolute lattice parameters of
both phases y and ' are reduced in the joint area compared to
the base material.

- InRené N5 + NiGe20 the lattice misfit is negative in the base mate-
rial, but is found to be positive in the joint area. This is mainly
caused by the relatively low lattice parameter of the y-matrix
due to negligible diffusion of rhenium from the base material to
the joint area. This leads to a directional coarsening perpendic-
ular to the external applied compressive load in the joint region
of Rene N5.
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