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The Effect of Long-Term Ageing on the Degradation
of the Microstructure the Inconel 740h Alloy

M. Srokaa,∗, A. Zielińskib, A. Śliwaa, M. Nabiałekc, Z. Kania-Pifczykb

and I. Vaskovád

aInstitute of Engineering Materials and Biomaterials, Silesian University of Technology,
S. Konarskiego 18A, 44-100 Gliwice, Poland

bInstitute for Ferrous Metallurgy, K. Miarki 12-14, 44-100 Gliwice, Poland
cInstitute of Physics, Faculty of Production Engineering and Materials Technology,

Częstochowa University of Technology, al. Armii Krajowej 19, 42-200 Częstochowa, Poland
dFaculty of Materials, Metallurgy and Recycling, Technical University of Kosice,

Letná 9, 042 00 Košice, Slovak Republic
(Received August 22, 2019; revised version November 19, 2019; in final form December 10, 2019)
The Inconel 740H alloy is used in the construction of pressure components of ultra-supercritical operating

parameters. The paper presents the results of microstructure analysis after 1000 and 10 000 h ageing at 700 and
750 ◦C. Microstructure studies were made using scanning and transmission electron microscopy. Identification of
precipitations was made using X-ray analysis of phase composition. The influence of ageing time on changes in
microstructure and the precipitation process of the tested alloy were described. Presented research results are a
material characteristic of new generation materials, which are used in the design of elements of pressure parts of
boilers and diagnostics work during operation.
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1. Introduction

The power industry in Poland is 88% based on solid
fuel combustion and from the end of the last century is
continuously being modernised through the construction
of new steam boilers and by improving the operation of
power units so far. This is caused mainly due to the con-
cern for the country‘s energy security and the require-
ments of the broadly defined environmental protection.
In addition, this development stimulates the fact that the
growth of alternative energy technologies, which has been
promoted for years, indicates that they will not be yet,
in a long time, the primary source of energy not only in
Poland but also in the world.

Therefore, the above information clearly indicates that
work on the development of new materials for the high-
temperature power industry and related technologies for
the manufacture of finished components cannot be ne-
glected [1–4]. The directions of the national power indus-
try development are also forced by the geopolitical con-
ditions of the country. Appropriate development direc-
tions are the modernization of existing units (mainly with
the capacity of 200 MW created in the years 1960–1970)
and construction of modern power units for over- and
transient-critical parameters [5, 6]. The most effective
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way to improve efficiency and reduce harmful emis-
sions for today’s carbon-fueled blocks is to raise of
thermodynamic parameters values of the water-steam
circuit [7–10].

Construction of supercritical boilers dates back to the
1950s. This was the case in the US, where the first
prototype blocks were created at the Eddystone power
plant, owned by Philadelphia Electric Co. The blocks
with parameters 30 MPa/649/566 ◦C were also developed
in Ukraine [11–15]. At that time basic austenitic steels
and technologies were used, which unfortunately did not
meet the quality requirements. The lack of experience
contributed to the development of technological errors.
On the other hand, little knowledge of austenitic steels
and alloys and their way of operation caused consider-
able operational issues, which led to the low availability
of these blocks.

In the middle of nineties, a return to the construction
of supercritical blocks was made, which contributed to
the works to be carried out on the application of new
austenitic alloy steels and alloys. The Inconel 740H is
a derivative of the Nimonic 263 alloy, which in its ini-
tial development led to the Inconel 740 alloy, followed by
the modernization of the chemical composition (optimi-
sation of the concentration between Nb, Ti, Al and Bi,
Si reduction) to Inconel 740H [16–20].

The alloys with austenitic structure, compared to the
ferritic and martensitic steels used in the power industry
till now, are characterised by different mechanical and
physical properties. They show higher high-temperature
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creep resistance and heat resistance and worse physical
properties, i.e., low thermal conductivity or high coeffi-
cient of linear expansion [5].

For materials used in the construction of steam boil-
ers, the requirement is only adequate creep strength but
also high mechanical properties, both at room and ele-
vated temperatures. The process of changes in the func-
tional properties of these materials, and thus changes in
their microstructure, describe the material characteris-
tics that, in connection with the methods of assessing
their exhaustion, are used to allow them to continue to
work safely in both computational and off-set working
hours [21–26].

2. Material for investigation

The tested material was the Inconel 740H
(NiCr25Co20TiAlNb) nickel superalloy, whose chemical
composition concerning the requirements of the stan-
dard is shown in Table I. The material as delivered
was subjected to supersaturation at 1150 ◦C for 0.5 h
and ageing at 750 ◦C for 0.5 h. This alloy is used for
boiler components with ultracritical steam parameters
(temperature 700–760 ◦C, pressure about 35 MPa). The
Inconel 740H has a high creep resistance with respect to
other nickel alloys of 210 and 120 MPa at 700 and 750 ◦C,
respectively for up to 100,000 h. This is primarily due
to the molybdenum and cobalt solution strengthening
effect and M23C6 carbide separation process, and the
intermetallic phase γ′ Ni3(Ti,Al,Nb) precipitated at
700 ÷ 800 ◦C. High chromium content makes this alloy
very highly resistant to high-temperature corrosion and
steam oxidation. The value of creep strength is a good
recommendation for use in boilers with supercritical
work parameters. Samples were taken from pipe sections
with dimensions ϕ 31.8× 6.3 mm2.

TABLE I

Chemical composition of investigated alloy (in wt%).

Element
Tested
material

Acc. to
UNS N07740

C 0.03 0.005–0.08
Mn 0.10 ≤ 1.0

Cr 24.37 23.50–25.50
Ti 0.87 0.50–2.50
Mo 1.56 ≤ 2.0

Co 20.67 15.00–22.00
Nb 0.65 0.50–2.50
Al 1.44 0.20–2.00
Ni bal. bal.

3. Methodology

The observation of the Inconel 740H alloy microstruc-
ture was carried out using a light microscope, OLYMPUS
DSX500i (LM), scanning electron microscope, Inspect F

(SEM), on conventional prepared electrolytic etched met-
allographic microsections and TITAN 80-300 (TEM)
electron microscopy using thin films. The analysis of the
precipitation processes was carried out by X-ray analy-
sis of carbide isolates and thin films using selective elec-
tron diffraction. The quantitative analysis of the pre-
cipitates was performed using the image analysis system
NIKON EPIPHOT200 & LUCIA G v.5.03. Using the
image scale marker, the image analysis system was cal-
ibrated. Calibration factor: 1 pixel = 0.040 µm. The
above tests were performed on the material in delivery
state and after long-term ageing for 1000 and 10,000 h
at 700 and 750 ◦C.

4. Results

The microstructure of the Inconel 740H alloy in the de-
livery state observed in the scanning electron microscope
is shown in Fig. 1. The tested material is characterised by
an austenitic matrix with numerous annealing twins and
single primary precipitates of varying sizes distributed
within thick grains with an average diameter of about
100 µm (close to ASTM size cards).

Fig. 1. Microstructure of the Inconel 740H alloy in de-
livery state: (a, b) LM, (c, d) SEM.

Fig. 2. X-ray diffraction pattern of Inconel 740H alloy
isolate — delivery state.
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Fig. 3. Microstructure of Inconel 740H alloy after age-
ing at 700 ◦C for 1000 h, SEM.

Fig. 4. As in Fig. 3, but at 750 ◦C.

Fig. 5. As in Fig. 3, but at 700 ◦C and for 10,000 h.

Fig. 6. As in Fig. 3, but at 750 ◦C and for 10,000 h.

The X-ray analysis of the phase composition of the
precipitates showed the presence of carbides, niobium,
and titanium nitride M (C, N), carbide Cr23C6, and γ′

phase (Fig. 2).
The ageing of the Inconel 740H alloy at 700 and 750 ◦C

and the time of up to 10,000 h results in the develop-
ment of precipitation processes, as well as the change
in morphology coherent with γ′ matrix and M23C6 car-
bide, which the microstructural observation confirms
(Figs. 3–6). Along with the ageing time elongation, the
number and size of Cr23C6 carbides increased on the
austenite grains and twins with evenly distributed nor-
mal precipitations of γ′ phase within the austenite grains
and in the immediate neighbourhood of carbides at the
grain boundaries.

Fig. 7. X-ray diffraction pattern of Inconel 740H alloy
isolate — ageing 1000 h/700 ◦C.

Fig. 8. X-ray diffraction pattern of Inconel 740H alloy
isolate — ageing 1000 h/750 ◦C.

The X-ray analysis of the precipitations phase compo-
sition of ageing after 1000 h at 700 and 750 ◦C showed
that after ageing at 700 ◦C and 1000 h, the main phase
was Cr23C6 carbide and in lesser extent’ phase (Fig. 7).
Increasing the ageing temperature to 750 ◦C significantly
intensifies the precipitation process phase γ′, which after
1000 h is the phase with the highest percentage (Fig. 8).
The above studies are confirmed by the microstructural
observation and identification of precipitations carried
out by transmission electron microscopy. It showed in
the studied material after ageing at 750 ◦C and 1000 h
the appearance of the γ′ phase separation (Fig. 9) of car-
bides Cr23C6 (Fig. 10) and nitride carbides Ti2 (C,N)
(Fig. 11). The chemical composition of the identified
precipitations is summarised in Table II.

The quantitative analysis of γ′ phase precipitation
(Fig. 12) showed that the average diameter of this phase
after ageing for 1000 h at 700 and 750 ◦C was 29 and
76 nm, respectively, and after 10,000 h at 700 and 750 ◦C
was 72 and 135 nm, respectively. The similar results for a
superalloy Inconel 740H were presented in [27, 28]. The
average γ′ phase precipitation size for superalloy 740H
fabricated by electron beam smelting was (30 nm) and
42 nm for Inconel 740H prepared by the traditional vac-
uum induction melting plus vacuum arc remelting. Most
of the phases were observed both in the delivery and creep
tested alloy 740H has been described in an analogous in-
vestigation of aged alloy 740H [27, 29–31].
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Fig. 9. Precipitation of γ′ phase in the Inconel 740H alloy after ageing at 750 ◦C and 1000 h: (a) bright field, (b) dark
field, (c) dissolved diffraction pattern, TEM.

Fig. 10. As in Fig. 9, but for precipitation of Cr23C6 carbide.

Fig. 11. As in Fig. 9, but for precipitation of carbide Ti2.

TABLE II

Analysis of chemical composition of identified precipitations in Inconel 740H alloy after 1000 h of ageing at 750 ◦C.

Analysed
precipitation

Chemical composition [wt%]
Al Ti Cr Co Ni Mo Nb C N

faza γ′ 4.03 6.29 1.89 4.92 75.54 – 7.31 – –
Cr23C6 0.46 0.61 67.34 8.00 19.14 0.88 0.73 2.81 –
Ti2(C,N) – 19.08 0.70 0.19 1.57 – 68.26 7.31 2.86
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Fig. 12. Change of mean γ′ phase diameter depending
on ageing time and temperature.

5. Summary

The Inconel 740H alloy due to the high creep re-
sistance at elevated temperatures and very good high-
temperature corrosion resistance and steam oxidation is
recommended for long-term operation in creep conditions
up to 700–750 ◦C.

At the starting state, the tested alloy is characterised
by an austenitic microstructure with visible annealed
twins and an average grain diameter of about 100 µm.
The X-ray analysis of the phase composition of the pre-
cipitates showed the occurrence of the carbide and nio-
bium and titanium nitride M (C, N), carbide Cr23C6, and
γ′ phase in the delivery state of the tested alloy.

The ageing tests conducted at 700–750 ◦C for up to
10,000 h revealed significant changes in the microstruc-
ture, mainly due to the tendency to form a γ′ phase and
the unfavourable morphology of the precipitates mainly
Cr23C6 carbides which form intermittent and continuous
carbide systems within the grain boundaries and anneal-
ing twins (Figs. 3–6). These systems already form in
the early stages of ageing at 700 ◦C for up to 1000 h
when thermally activated processes cause chromium seg-
regation in micro-areas adjacent to the grain bound-
aries and then the formation of continuous, reticulated
carbide systems.

The measurement of the average diameter of the γ′
phase precipitation for samples aged at two temperatures
of 700 and 750 ◦C and 1000 and 10,000 h indicates that
raising the ageing temperature from 700 to 750 ◦C con-
tributes to a tenfold increase in γ′ phase growth in time
up to 10,000 h. As part of this work ageing tests up to
20,000 and 50,000 h, were also carried out, the results of
which are presented after reaching the assumed ageing
time.
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