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Abstract

The alloy with a composition Ti-45A1-5Nb-0.2B-0.75C (at.%) was prepared by induction
melting and centrifugal casting. The fully lamellar microstructure of the alloy without car-
bides was produced by heat treatment consisting of hot isostatic pressing (HIP) and solution
annealing followed by cooling to room temperature. The stability of the fully lamellar v(TiAl)
+ a2(TizAl) microstructure was studied at temperatures of 750, 850 and 950°C up to an
ageing time of 3400 h. The microstructure analysis shows that the most dominant change in
the microstructure was the as lamellae thinning, which was more pronounced at a higher
ageing temperature and longer time. The formation of recrystallized ~ grains and Ti2 AlC car-
bides was observed during ageing at the temperatures of 850 and 950 °C. The microstructural
changes affected the microhardness at room temperature (RT) and compression yield strength

at temperatures ranging from RT to 950°C.
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1. Introduction

TiAl-based alloys have attracted extensive at-
tention as candidates of the next generation high-
temperature materials in aerospace and automobile
applications due to their low density, excellent corro-
sion, creep resistance and high specific strength. These
alloys are expected to reach the operating tempera-
ture above 700-750°C with a more excellent elastic
modulus and creep resistant properties as compared
to those of titanium alloys. Meanwhile, the compre-
hensive performance of TiAl alloys can even match the
performance of Ni-based superalloys, while the density
is only half of the latter [1-7]. To extend the service
range of TiAl alloys to high strength and tempera-
ture, the alloying technique has been proven to be an
effective way to improve the performance of TiAl al-
loys. Probably the most beneficial element for mecha-
nical properties of TiAl alloys is niobium. Significant
strengthening can be achieved when Nb is added to
polycrystalline two-phase TiAl alloys because it leads
to an increase in the volume fraction of as(TizAl)
phase, retardation of diffusion processes during op-

erating temperatures and the refinement of the mi-
crostructure. Nb addition also improves oxidation re-
sistance due to modification of the structure of the
oxidation layer and decreases the stacking fault en-
ergy in the v(TiAl) phase which facilitates twinning,
and according to Appel et al. [4] apparently compen-
sates the lack of independent slip systems [4, 8-10].
Depending on the alloy composition and processing
parameters, various microstructures can be obtained,
and their high-temperature strength level varies with
microstructure type and grain size with the brittle-
ductile transition temperature (BDT) from 600°C for
fine duplex material to 800°C for coarse fully lamellar
material [9]. The increase of creep resistance for fully
lamellar materials can be explained by large grains
and by highly anisotropic lath structure inside the
grains [9, 11, 12]. However, their inherent poor duc-
tility at room temperature and insufficient strength
at high temperatures (above 800°C) limit their wide-
scale applications. A further possibility for increasing
the creep resistance can be achieved by an optimiza-
tion of their chemical composition through the solid
solution and precipitation hardening.
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In recent years, the effect of carbon on TiAl al-
loys has been received considerable attention. Sev-
eral studies have been focused on the improvement
of mechanical properties and creep resistance in the
carbon-doped TiAl alloys, and it has been proven that
improvement of mechanical properties relates to the
solid solution hardening and precipitation hardening
[13-22]. Also, the addition of carbon to lamellar TiAl-
-based alloys can also reduce lamellar space effectively
[19]. For high C concentration, carbide precipitation
occurs in connection with grain size reduction, but
the minimum values of C content necessary to obtain
carbide precipitation strongly depend on the chemical
composition of the alloy, thermal processing and mi-
crostructure [20, 21]. Coherent TizAlC (P-type) par-
ticles are mostly formed for lower carbon contents at
temperatures up to about 750-950°C [20-22] and in-
coherent Tip AIC (H-type) carbides for higher carbon
contents at higher temperatures or at longer times.
However, most of the carbon added alloys include both
types of carbides [21-23]. The driving force for the pre-
cipitation process is the limited solubility of carbon,
and as generally observed on other alloys, the shape,
size and distribution of precipitates are the main fac-
tors determining the mechanical properties. In spite of
the previous studies which dealt with precipitation of
carbides in TiAl alloys [10, 13-28], information about
the microstructural stability of carbon added alloys at
higher temperatures and longer times is still lacking
in the literature. Therefore, this article aims to study
the long-term microstructural stability of the Ti-45Al-
-5Nb-0.2B-0.75C (at.%) alloy and effect of microstruc-
tural changes on mechanical properties during long-
term ageing at temperatures of 750, 850 and 950°C
was evaluated and discussed. The additional objective
of present work is to investigate the age hardening be-
haviour of mentioned alloy and assess the possibilities
of increasing the yield strength by precipitating of the
carbides.

2. Experiment
2. 1. Alloy preparation and heat treatments

The Ti-45A1-5Nb-0.2B-0.75C alloy (at.%) was pro-
duced using a medium frequency vacuum induction
melting furnace Supercast-titan. Pure metals (4N)
and Nb-Al master alloy were used as a charge. The
measured oxygen content in the alloy was around 500
wt. ppm (0.13 at.%). The as-cast cylindrical bars with
a diameter of 20 mm and length of 225 mm were sub-
jected to a hot isostatic pressing (HIP) at an applied
pressure of 180 MPa and temperature of 1270°C for 4 h
to eliminate casting porosity. A fully lamellar v + a9
microstructure of the bar was produced by heat treat-
ments (HT) consisting of solution annealing and cool-

ing to room temperature. The solid solution annealing
was performed in a single a-phase (Ti-based solid solu-
tion with hexagonal crystal structure) field at 1360°C
for 1h followed by cooling at a constant cooling rate
of 20°C min~! to 850°C under argon atmosphere. The
heat treatment was accomplished by cooling to room
temperature in air.

2.2. Ageing

After the heat treatments, the bar was cut by elec-
tro spark machining into small pieces with a diameter
of 20mm and length of 12mm. The ageing experi-
ments were performed at three temperatures of 750,
850 and 950 °C up to 3400 h in resistance tube furnaces
with a static argon atmosphere. The oxygen content
in the alloy after ageing was still around 500 wt. ppm,
but there was a slight surface oxidation of the sam-
ple, especially when aged at 950°C. To avoid altering
the properties of the alloy with oxygen, each sample
was cut half, and the cut surface was analysed after
ageing.

2.3. Characterization of microstructure and
mechanical properties

The samples were observed by optical microscopy
(OM) on the microscope Olympus GX51 equipped
with digital camera Olympus DP12 (OM), scanning
electron microscopy in the mode of back-scattered
electrons (BSEM) using microscopes QUANTA FEG
450 and JSM-7600F equipped with an energy dis-
persive spectrometer (EDS) and by X-ray diffrac-
tion (XRD). Transmission electron microscopy (TEM)
was performed by JEM-2100 microscope operating at
200kV. Samples for TEM with an initial thickness of
0.3 mm were thinned mechanically by grinding to a
thickness of 100 um and finally thinned electrolyti-
cally in electrolyte A3 Struers using TenuPol-3 device
operating at a voltage of 20 V and a solution tem-
perature of —20°C. Oxygen and carbon contents were
measured by the thermo-evolution method by analy-
sers ELTRA ONH-2000 and ELTRA CS-2000, respec-
tively. The quantitative metallographic analysis was
performed on digitalized micrographs using a comput-
erized image analyser SigmaScanPro. For determina-
tion of the average lamellar thickness, inter-lamellar
spacing and the determination of their distribution at
least 1000 individual lamellae in at least 20 different
grains were measured for each sample using BSEM
images. For determination of the as-phase content at
least 20 digitalized images were measured. Vickers mi-
crohardness measurements were performed at a con-
stant load of 1 N for loading time of 10 s on polished
and slightly etched samples. The microhardness mea-
surement was carried out with the order of the mea-
sured points in the matrix and for each sample at least
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Fig. 1. Micrographs showing microstructure of Ti-45A1-5Nb-0.2B-0.75C alloy after HT: (a) OM; (b, ¢) BSEM; (d) TEM-
-bright field.

60 individual indentations. Room temperature com-
pression tests were performed at an initial straining
rate of 0.025s~!. Compression specimens with a di-
ameter of 4 mm and length of 6 mm were cut from the
HT and aged samples by electric discharge machining
and ground using a centre-less grinder. The compres-
sion offset yield strength was measured at 0.2 % plastic
strain. The yield strength was determined based on at
least two compression tests.

3. Results and discussion

3.1. Microstructure of heat-treated alloy
before thermal exposure

Figures 1a—d show the microstructure of the alloy
after solid solution annealing (HT) followed by cool-
ing at a constant cooling rate of 20°C min—! to 850°C
and free air cooling to room temperature. The al-
loy consists of equiaxed grains with an average size
about 380 wm. The microstructure of the grains is
fully lamellar, consisting of alternating lamellae of
v (in BSEM darker colour) and as-phases (bright
colour), and no remained S-phase (Ti-based solid solu-
tion with cubic crystal structure) was observed. Fig-
ure 2 shows XRD diffraction pattern of the alloy af-
ter HT and summarizes the coexisting phases. Par-
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Fig. 2. Diffraction pattern of Ti-45A1-5Nb-0.2B-0.75C al-
loy after HT.

ticles with ribbon-like morphology (black colour in
Fig. la and bright colour in Fig. 1b) are identified
as (Ti,Nb)B borides in agreement with the observa-
tions of a similar type of alloys [29, 30]. The average
width of the v and as lamellae was 0.42 and 0.31 pm,
respectively, and their lamellar thickness frequency
distribution can be well fitted by a log-normal distri-
bution function. Quantitative metallographic analysis
revealed that the lamellar grains contained about 37
vol.% of the as-phase and 63 vol.% of the ~-phase.
These results are in good agreement with the results
reported by Schwaighofer et al. [13] that the content of
ag-phase was just below 40 % for the TNM alloy (Ti-
-43.5A1-4Nb-1Mo-0.1B) with 0.75 C (at. %) after HIP
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Fig. 3. BSEM micrographs showing microstructure of Ti-45A1-5Nb-0.2B-0.75C alloy after HT and ageing at (a) 950°C for
4 h; (b) 950°C for 2000 h; (c) 750°C for 3400 h; (d) 850°C for 960 h.

at 1200°C/4 h/200 MPa. The relatively high volume
fraction of the as-phase can be explained by a stabi-
lizing effect of carbon on the as-phase and relatively
high cooling rate [10, 13, 14]. Figure 1d shows TEM
bright field image of the alloy after HT. In this figure,
the lamellae contain no carbides, which indicates that
carbon remained completely dissolved in the ~- and
«a-phases after the applied heat treatment. The ab-
sence of the carbides was also confirmed by the results
of X-ray diffraction (see Fig. 2).

3.2. The microstructure of heat-treated alloy
after thermal exposure

3.2.1. Content of az-phase and lamellar
spacing

Figures 3a—d show the microstructure after ex-
posure at 950°C for 4h (Fig. 3a), 950°C for 2000 h
(Fig. 3b), 750°C for 3400h (Fig. 3c) and 850°C for
960h (Fig. 3d). The microstructure of the alloy still
shows the fully lamellar type of microstructure after
ageing at all specified temperatures up to 3400 h. In
comparison with Fig. 1b, it can be observed that the
dominant change in the lamellar grains is the gradual
thinning of the as lamellae which become discontin-
uous. The first higher amount of discontinuous and
thinned lamellae are observed after 4h at 950°C and

their extent increased with increasing time and tem-
perature. Significant decomposition of the as lamellae
has already started to occur, but not to such a dra-
matic extent as reported for a fine fully lamellar Ti-
48A1-2Cr-2Nb-1B alloy (at.%), where exposure even
at 700°C for 3000 h resulted in the almost complete
removal of as [31]. No decomposition of the o lamel-
lae into a2+ 3 and no recrystallization of 3-phase were
observed. Only in some thick oy lamellae decomposi-
tion into refined ay + vy lamellae was detected at all
temperatures (see. Fig. 3d). Figure 4 shows the aver-
age thickness of the as lamellae and the volume frac-
tion of ay lamellae after HT and after ageing at 750,
850 and 950°C for 3400 h. The average thickness of
the g lamellae decreases by 15, 24 and 29 % at 750,
850 and 950°C, respectively. These results are in good
agreement with the results of the volume fraction of
ap lamellae, which decreases by 12, 21 and 38 % at
750, 850 and 950°C, respectively. The decrease of the
volume fraction and average thickness of as lamellae
(D) was calculated according to the relationship:

Xur — Xa

D =
Xur

x 100, (1)

where Xy is the volume fraction and average thick-
ness before exposure and X, is the volume fraction
and average thickness after exposure. The drop in the
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Fig. 4. (a) Measured thickness of as-phase as a function of ageing time and (b) evolution of content of ag-phase during
ageing.

«g volume fraction during ageing of fully lamellar TiAl
alloys is well documented [32-34], and it can easily
be explained by the fact that a fine lamellar struc-
ture with a large as volume fraction is stoichiomet-
rically far from the equilibrium and therefore is not
stable during the thermal exposure. The retention of
the metastable ay before ageing provides a large driv-
ing force for its dissolution [32]. The drop in as-phase
content is, however, much lower than was reported by
Karthikeyan and Mills [32], who reported a decrease
of ay content in fully lamellar K5 (Ti-46A1-2Cr-3Nb-
-0.2W) and K5SC (Ti-46A1-2Cr-3Nb-0.2W-0.1C-0.1Si)
alloys from 22 and 29 vol.% before exposure to 7.2
and 8 vol.% after exposure at 900°C for 24 h, respecti-
vely. The low drop in the as-phase content for exam-
ined alloy may be related to higher C content, because
carbon is namely known as a distinctive alpha stabi-
lizer in the Ti-Al system, but also by a higher con-
tent of niobium and by differences of the applied heat
treatments before exposure. Figure 5 shows the com-
parison of ais-aip inter-lamellar spacing distribution in
the sample before exposure and after 3400 h at 750,
850 and 950°C. This figure shows that the highest fre-
quency of the smallest inter-lamellar spacing (smaller
than 0.5 pm) was observed in the sample after the ex-
posure at 750°C, but for larger inter-lamellar spacing
(higher than 0.7 um) there is a higher frequency for
the sample before exposure. For samples after 3400 h
of ageing at 850 and 950°C, the frequency of smaller
inter-lamellar spacing decreases and the frequency of
higher inter-lamellar spacing increases, respectively.
Higher frequencies for small inter-lamellar distances
in the sample after exposure at 750°C for 3400 h than
for the sample before exposure can be explained by
the high incidence of fine lamellae resulting from the
decomposition of the coarse g lamellae into refined
ag + v lamellae (see Fig. 3d) and also by a low drop
in the content of the a-phase during the exposure at
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Fig. 5. Distribution of ap-as inter-lamellar spacing during
ageing at 750, 850 and 950°C for 3400 h.

750°C. Average inter-lamellar distances for the indi-
vidual samples before and after exposure at 750, 850
and 950°C for 3400 h were identified as 0.71, 0.83 and
0.90 wm, respectively, which means that the average
lamellar spacing does not show significant change dur-
ing ageing at 750°C for 3400 h but increases with the
increasing temperature.

3.2.2. Formation of equiaxed ~ grains

Besides parallel decomposition of the as lamel-
lae, the nucleation and growth of equiaxed ~ grains
at the grain boundaries and also within the lamel-
lar grains can be observed during the ageing experi-
ments. Figure 6 shows the microstructure after ageing
at 850°C for 2000h (Fig. 6a) and 950°C for 3400 h
(Fig. 6b), respectively. Several recrystallized equiaxed
~ grains can be observed especially around the bright
boride particles in the lamellar grains and on the grain
boundaries. First greater proportions of small recrys-
tallized v grains (up to 5 pm) were observed after age-
ing at 850°C for 960 h and 950°C for 8 h, but usu-
ally only on the grain boundaries and exceptionally
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Fig. 6. BSEM micrographs showing microstructure of Ti-
-45A1-5Nb-0.2B-0.75C alloy after HT and ageing at (a)
850°C for 2000 h; (b) 950°C for 3400 h.

inside the grains. For shorter ageing times and for age-
ing at 750°C, the equiaxed =y grains were only rarely
formed at the grain boundaries. The high amount of
the recrystallized ~ grains within the lamellar grains

Niobium La1

Titanium Ka1

Fig. 7. BSEM micrographs showing microstructure of Ti-
-45A1-5Nb-0.2B-0.75C alloy after HT and ageing at (a)
850°C for 650 h; (b) 950°C for 8 h.

are seen only after the exposure at 850°C for 2000 h
(not for shorter times at that temperature) and after
exposure at 950°C for 960 h or longer ageing times.
The size and frequency of the recrystallized ~ grains
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Fig. 8a,b. Precipitate cross-sectional EDS line analysis after ageing at 950°C for 8 h.
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Fig. 9. BSEM micrographs showing microstructure of Ti-

45A1-5Nb-0.2B-0.75C alloy after HT and ageing at (a)

850°C for 3400 h; (b) 950°C for 3400 h; (c) EDS spot
analysis of carbide after ageing at 950°C for 3400 h.

increase with increasing temperature and time (see
Fig. 6b). The amount of the recrystallized -y grains is
small at 750°C even after 3400 h. The formation of the
~v-phase within the v + a9 lamellae requires a change
in the crystal structure as well as in the concentration
of the alloying elements. The formation of the higher
amount of the equiaxed 7 grains indicates microstruc-
ture instability at 850 and 950°C.

3.2.3. Carbide precipitation

As can be seen in Fig. 6b, some dark precipitates
(easily visible by SEM) were observed in the recrys-
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Fig. 10. The diffraction pattern of Ti-45A1-5Nb-0.2B-0.75C
alloy after HT and ageing at 750, 850 and 950 °C for 3400 h.

tallized v grains. The presence of fine dark precipi-
tates was also detected in the lamellar v + oo ma-
trix. The precipitates are observed after the exposure
at 850°C for 650 h (see Fig. 7a) mainly on the grain
boundaries and at 950°C for shorter times (first pre-
cipitates after 8 h on the grain boundaries, but also in
lamellar grains, see Fig. 7b). Figure 8 shows precipi-
tate cross-sectional EDS line analysis confirming the
presence of the carbides. The EDS spot analysis also
confirmed the increased carbon content in the precip-
itates but did not allow an accurate carbide type de-
termination because of the small carbide size and also
of the problematic determination of the exact carbon
content by EDS method. Figure 9a shows the carbides
in the lamellar grain after ageing at 850°C for 3400 h.
These precipitates exhibit a needle-like shape and a
length of up to 5 pm and are mainly formed at the
lamellar interfaces and inside the as lamellae. Figure
9b shows the microstructure after ageing at 950°C for
3400 h. As can be seen in this figure, the carbides ex-
hibit larger dimensions up to 10 pm and wider shape,
but precipitates show significant differences for indi-
vidual grains, indicating the uneven distribution of
carbon. EDS spot analysis of carbides (see Fig. 9c) re-
veals an increased content of C in the precipitates and
the content of Ti and Al in the precipitates was ap-
proximately 2:1 indicating that these particles prob-
ably belong to Tis AIC phase, in accordance with Kim
and Kim [35] observations of K5SC alloy after ageing
at 900 °C, which identified similar precipitates (clearly
observable by SEM) by TEM as TizAlC. Similar re-
sults during ageing of the fully lamellar K5SC alloy
were also published by Karadge et al. [26]. SEM ob-
servations show only a very small amount of TisAlC
carbides after ageing at 850°C and practically no car-
bides at 750°C. The XRD analysis of the samples
aged for 3400 h shown in Fig. 10 confirms the occur-
rence of TisAlC carbides in the microstructure. How-
ever, it also shows the presence of carbides TizAlC
(P-type), which is characterized by smaller dimen-
sions and their observations can mostly be made only
with TEM. Figure 11 shows TEM bright field image of
the microstructure of sample after ageing at 950°C for
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Fig. 11. TEM bright field micrographs showing microstruc-
ture of Ti-45A1-5Nb-0.2B-0.75C alloy after HT and ageing
at (a) 950°C for 8 h; (b) 750°C for 14 h.

8 h and after ageing at 750°C for 14 h. Small carbide
precipitates (lower than 500 nm) observed in the mi-
crostructure were identified as TizAIC carbides in the
alloys with similar chemical composition [20, 21, 25].
These carbides precipitated exclusively on crystallo-
graphic defects such as grain boundaries and disloca-
tions due to the heterogeneous type of the nucleation.
TEM and SEM observations thus revealed the pres-
ence of both types of carbides in the microstructure.

3.3. Vickers microhardness evolution during
ageing

Figure 12 shows the variation of Vickers micro-
hardness with the ageing time. The typical age hard-
ening (for short ageing times) and softening are ob-
served for all three ageing temperatures. During the
age hardening, the microhardness increases with the
ageing time. The highest hardening rate was observed
at 950 °C reaching maximum values after 8 h of ageing.
The highest values of microhardness at 850°C were
detected after 10-12 h of ageing and after 14 h of age-
ing at 750°C. A similar increase of hardness and yield
strength in carbon added y-TiAl alloys during ageing
was also observed by Tian and Nemoto [15] and Wu
et al. [36], who stated that the hardening of the alloy
caused precipitation of fine carbides in the TiAl ma-
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Fig. 12. Variation of Vickers microhardness with the ageing
time.

trix. The microhardness values thus firstly increase
to peak values, and after reaching maximum values
they decrease with increasing temperature, but the de-
crease is only small of 0.14, 0.17 and 0.25 GPa at 750,
850, 950°C for 3400 h, respectively. The drop in the
microhardness was much lower than that of 0.54-0.56
GPa reported by Lapin and Pelachova [37] for lamel-
lar regions in the Ti-45.2A1-2W-0.65i-0.7B (at.%) al-
loy after the exposure at 800 °C for 3300 h, or that of
1.3 GPa that was reported by Gil et al. [38] for lamel-
lar regions in the Ti-46.5A1-2W-0.5Si (at.%) alloy af-
ter exposure at 975°C for 100 h. These results indicate
that the softening of Ti-45A1-5Nb-0.2B-0.75C is slower
and cannot affect significantly the yield strength of
the alloy, because, as reported previously by Lapin et
al. [39], Vickers microhardness usually is linearly de-
pendent on the yield strength in lamellar alloys and
microhardness can, therefore, may be a simple way to
determine the approximate yield strength or changes
in the yield strength of TiAl alloys. However, rough-
ing and growth of carbides at higher temperatures
appears to be problematic because large carbides in
TiAl-based alloys reduce ductility and deteriorate me-
chanical properties at RT [23, 27].

3.4. Compression properties

Figure 13 shows the temperature dependence of
compressive yield strength (YS) of the alloy after HT
and ageing at 950°C for 8h, 850°C for 10 h and 750°C
for 14 h, respectively. At RT, the YS of the Ti-45Al-
-5Nb-0.2B-0.75C alloy ranges around 1020-1070 MPa
for the aged samples and about 920 MPa for unaged
samples and decreases slightly with increasing tem-
perature to about 740-840 MPa at 800°C. It can be
seen that the yield strength of the studied alloy is rel-
atively high and does not show any significant changes
with different ageing conditions. More pronounced dif-
ferences in the yield strength were found only at RT
at which higher strength was found for the samples
aged to peak microhardness values. At higher tem-
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Fig. 13. Temperature dependence of compression yield
strength.

peratures, the drop in the yield strength is higher
and achieves 570-630 MPa at 950°C. At these con-
ditions, the samples showed no longer any significant
differences at different ageing conditions. The mea-
sured yield strengths of the studied alloy are quite
high up to 950°C and indicate the capability of the
fully lamellar microstructure in combination with car-
bon alloying to operate at high temperatures. For ex-
ample, one of modern TiAl alloys Ti-46A1-8Ta (at.%)
with fully lamellar microstructure, for which the tem-
perature yield strength dependence was measured by
Lapin et al. [40], the compression yield strength was
only about 540 MPa at RT and about 450 MPa at
850°C. The measured YS values are also higher than
reported by Chlupova et al. [10] for nearly lamellar
Ti-46 Al-7TNb-2Mo and Ti-46Al-7Nb-0.5C (at.%) alloys
where the compression yield strength was about 707
and 917 MPa at RT and 485 and 693 MPa at 800°C, re-
spectively. The achieved results of YS for the studied
alloy are in good agreement with the yield strength
reported by Gerling et al. [41], who reported ten-
sile yield strength of about 1070 MPa at RT for the
Ti-45A1-5Nb-0.5C (at.%) alloy prepared by powder
metallurgy and rolling. However, the authors also
noted a significant drop in the yield strength at tem-
peratures above 700°C and the yield strength only of
about 200 MPa at 950°C. This may be primarily be-
cause the microstructure of their alloy was not fully
lamellar because the fully lamellar structure has a
higher brittle-ductile transition temperature.

4. Conclusions

The thermal stability and precipitation strength-
ening of fully lamellar Ti-45A1-5Nb-0.2B-0.75C (at.%)
alloy have been characterized. The following conclu-
sions are reached:

1. Solid solution annealing at 1360°C for 1h fol-
lowed by the cooling at a constant cooling rate of
20°C min~! to 850°C and free air cooling to room tem-

perature allows preparation of a fully lamellar type of
microstructure in which carbon is dissolved in the as-
and ~y-phases.

2. The dominant change in the microstructure dur-
ing ageing was a gradual thinning of the as lamellae
and formation of the discontinuous oy segments at a
higher ageing temperature and longer ageing time.

3. Besides the parallel decomposition of the s
lamellae, the nucleation and growth of the equiaxed
~ grains along the grain boundaries and inside the
lamellar grains contribute to microstructure instabili-
ties of the studied alloy.

4. Two types of carbides are formed during age-
ing. P-type carbides are formed during short times of
ageing on dislocations and the grain boundaries, and
H-type are formed during longer ageing times in the
recrystallized  grains, at the lamellar interfaces and
inside the as lamellae. No H-type precipitates were
observed after ageing at 750°C.

5. The needle-shaped H-type precipitates with a
size up to 10 um were formed at a higher ageing tem-
perature of 850 and 950°C and longer ageing time.

6. Microhardness measurements revealed that the
thermal exposure caused a small increase of the mi-
crohardness during short ageing times. Longer expo-
sure times caused the softening of alloy, but softening
is slow and probably cannot affect the yield strength
significantly. However, coarsening of carbides at higher
temperatures appears to be problematic, because large
carbides reduce ductility and deteriorate mechanical
properties.

7. The yield strength of the alloy is relatively high
and except RT does not show any significant changes
for different ageing conditions. The yield strength of
alloy shows high values even at 950°C and indicates
the potential of the fully lamellar microstructure in
combination with carbon alloying to increase the op-
erating temperatures of the studied alloy.
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