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This paper presents the results of investigations on microstructure changes after the long-term impact of tempera-
ture. The microstructure investigations were carried out by light microscopy and scanning electron microscopy. The
qualitative and quantitative identification of the existing precipitates was carried out using X-ray phase composi-
tion analysis. The effect of elevated temperature on precipitation processes of test material were described. The
obtained results of investigations form part of the material characteristics of new-generation alloys, which can be
indirectly associated with the stability of functional properties under the simultaneous effect of high temperature

and stress.
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INTRODUCTION

The development of the coal-fired energy industry is
conditioned by many factors that should be analysed in
four focus groups:

* legal (EU strategy for a low-carbon economy),

* improvement in technical and economic indica-
tors, including mainly the efficiency of above 46%
for the boilers being designed and constructed as
well as compliance with environmental require-
ments,

« ensuring the security of energy supply,

 material-related — development of materials and
technologies to enable progress in energy technol-
ogies.

The above-mentioned conditions shape the direction
of development for the coal-fired energy industry, and
their aim is the improvement in efficiency and the sig-
nificant reduction in harmful emissions by increasing
the values of thermodynamic parameters of the steam-
water circulation system [1-3].

The achievement of the goal set by the EU, and also
by the American and Asian countries, which is the target
efficiency of 50+ power units, is conditioned by the
availability of an adequate range of pipes from the new
materials, which meet high requirements for functional
properties. These materials include austenitic steels
(HR3C, Super 304H, Sanicro 25) [4-6] and nickel-base
alloys (HR6W, Alloy 617, Alloy 740H) [7-8]. This re-
quires the acquisition of an adequate knowledge not
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only on the stability of structure and functional proper-
ties of the materials used, but also mastering the tech-
nologies for manufacturing of structural components
from these materials, particularly in view of the welding
and bending technology [1], as it is known that durabil-
ity of material is not identical to durability of a finished
structural component. Therefore, the functional proper-
ties of the materials to be used in the as-received condi-
tion should be distinguished by sufficiently high values
(e.g. temporary creep strength, impact energy) so that
they will not get worse during the technological pro-
cesses (welding, bending, heat treatment) [9-10].

MATERIAL FOR INVESTIGATIONS

The material for investigations was nickel-base su-
peralloy Inconel 740H (NiCr25C020TiAINb). The
chemical composition of test alloy with reference to the
requirements of the standard is presented in Table 1. In-
conel 740H is intended for components of ultra-critical
steam boilers (temperature 700 - 760 °C, pressure ap-
prox. 35 MPa). This grade is a derivative of Nimonic
alloy 263 the development of which in its initial stage
has resulted in obtaining Inconel 740 alloy followed by,
though the modernisation of its chemical composition
(optimisation of Nb, Ti, Al levels and reduction in Bi, Si
levels), Inconel 740H alloy.

This alloy is characterised by high creep strength
compared to other nickel-base alloys, which is 210 and
120 MPa at 700 and 750 °C, respectively, for extrapo-
lated time of 100 000 h. It is a result of the solution
hardening by cobalt and molybdenum and the precipita-
tion process with Cr,,C, carbides and y' Ni, (Ti, Al, Nb)
intermetallic phase precipitating at 700 + 800 °C. Due
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Table 1 Chemical composition / wt. %
C Mn Cr Ni Ti Mo Co Nb Al
Test material 0,03 0,10 24,37 REST 0,87 1,56 20,67 0,65 1,44
To UNS N07740 0,005 <1,0 23,50 REST 0,50 <2,0 15,00 0,50 0,20
0,08 25,50 2,50 22,00 2,50 2,00

to the high chromium content, this alloy shows an ex-
cellent resistance to high-temperature corrosion and
steam oxidation. Its creep strength is a good recommen-
dation for use in supercritical boilers. Test specimens
were sampled from pipe pieces of ¢ 31,8 x 6,3 mm.

TESTING METHODOLOGY

The microstructure investigations were carried out

with an Inspect F scanning electron microscope (SEM) Material state Phase composition
. . as-received condition M(C,N), Cr..C
on the conventionally prepared electrolytically etched / phase
mgtallographic microsecti_ons. The analysis of pre_cipi- ageing main Cr, C,
tation processes was carried out by X-ray analysis of 700°C/ 1000 h min.y’ phase
carbide isolates with Philips diffractometer. ageing min. Cr,.C,
Hardness measurements were taken by Vickers 750°C/1000h main y’ phase

method with Future — Tech FM — 7 hardness testing ma-
chine at the indenter load of 10 kG.

The quantitative analysis of precipitates was carried
out with NIKON EPIPHOT200 & LUCIA G v.5.03 im-
age analysis system. The image analysis system was
calibrated with scale marker in the photos. Calibration
coefficient: 1 pixel = 0,040 pm.

The above-mentioned tests were performed on ma-
terial in the as-received condition and after long-term
ageing at 700 and 750 °C for 1 000 and 5 000 h.

RESULTS AND DISCUSSION

The microstructure of Inconel 740H alloy in the as-
received condition (after solution heat treatment) ob-
served by light and scanning electron microscopy is
shown in Figure 1. The test alloy was characterised by
the austenitic microstructure with numerous annealing
twins and relatively thick grain with the average grain
diameter of approx. 100 um (similar to the size as spec-
ified in the ASTM cards).

The X-ray phase composition analysis of the pre-
cipitates showed the presence of M(C,N) niobium and
titanium carbides and nitrides, Cr,,C, carbides and y'
phase in the as-received condition of the test alloy (Ta-
ble 2).

Table 2 Change of the phase composition of the Inconel
740H precipitates depending on the annealing
time

The ageing of Inconel 740H alloy in the temperature
range of 700 - 750 °C for 1000 h affects the develop-
ment of the precipitation process and change in mor-
phology coherent with the matrix of y* phase and M,,C,
carbides. The examples of Inconel 740H microstruc-
tures observed after ageing are shown in Figures 2 and
3. As the temperature increased, the growth of Cr,.C,
carbide concentration was observed at the austenite
grain boundaries and twins with evenly distributed reg-
ular y'-phase precipitates inside the austenite grains and
in the immediate vicinity of carbides at the grain bound-
aries.

The X-ray phase composition analysis of the pre-
cipitates in Inconel 740H alloy revealed that following
ageing at 700 °C for 1 000 h the main phase was Cr,.C,
carbide and, to a lesser degree, y' phase (Table 2). Rais-
ing the ageing temperature up to 750 °C significantly
intensifies the precipitation process of y' phase, which
shows the highest percentage after a period of 1 000 h
(Table 2).
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Figure 1 Microstructure of Inconel 740H alloy in the as-received condition; a) LM, b) SEM. Hardness 205 HV10
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Figure 2 Microstructure of Inconel 740H alloy after ageing at
700°C/ 1000 h; SEM. Hardness 278 HV10

The confirmation of that is the quantitative analysis
of y' phase precipitates, which showed that the average
diameter of this phase after ageing at 700 and 750 °C
for 1 000 h was 29 and 76 nm, respectively.

The long-term ageing process in the range of the ex-
pected long-term service temperature of 700 - 750 °C
contributes to the decrease in impact energy and in-
crease in strength properties due to the precipitation of
secondary phases (v', Cr,,C)).

CONCLUSIONS

The Inconel 740H alloy in the as-received condition
is characterised by the austenitic microstructure with
numerous annealing twins and the grain with the aver-
age diameter of about 100 um. The X-ray phase compo-
sition analysis of the precipitates showed the presence
of M(C,N) niobium and titanium carbides and nitrides,
Cr,,C, carbides and y' phase in the as-received condition
of the test alloy.

Long-term ageing at 700 - 750 °C contributes to the
precipitation of Cr,,C. carbide at the austenite grain

boundaries and annealing twins and of coherent y' phase
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Figure 3 Microstructure of Inconel 740H alloy after ageing at
750°C/ 1000 h; SEM. Hardness 341 HV10

inside the austenite grains the average diameter of
which increases with the temperature and ageing time.
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