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(niobium, titanium, vanadium), and also nitrogen
should be added to them [11].

Carbide-forming elements of the type of titanium
and niobium (steels with niobium are used more often)
at cooling from high temperatures bind carbon into
stable MX carbides and prevent formation of unde
sirable enriched in alloying elements intergranular
M,5Cs and MgC carbides, which are associated with
the possibility of develoj )mcnt of intererystalline frac-
ture due to intercrysta]linc corrosion. It is logical to
assume that focal depletion of the solid solution with
alloying elements at formation of such carbides may
promote its softening, increase of the degree of local
deformation under the impact of stresses, as well as
initiation of fracture sites. Restraining of precipita-
tion of carbides of My;Cg tvpe is promoted by Jowering
of carbon content and adding nitrogen, which pro-
vides additional strengthening of steel. Moreover, the
mechanism of dispersion hardening is further imple
mented in such stecls at ageing temperatures in the
presence of strong carbide-forming elements of the
type of vanadium.

In operation of stabilized austenitic steels, wherc
carbon is tied up into high-temperature MX carbides,
precipitation of carbon-free needle-shaped intermet-
allic Laves phases, which strengthen the solid solu-
tion, procceds during their ageing (at T > 600 °C).
Longer-term ageing may cause precipitation of o-
phase. Although [11] does not note any adverse con-
sequences of o-phase formation, it is believed that
such intermetallic phases promote embrittlement of
the material, lowering of high-temperature ductility,
and, therefore, thev should be avoided [17, 21, 2/]
With this purpose, it is recommended to apply stable
austenitic stecls without 8-ferrite (for operating tem-
peratures above 650 “C), or limit its amount to the
range of 2=5 % (for T < 650 °C). as it is exactly in
the high-chromium molybdenum-containing  two-
phase materials that favourable conditions are created
for precipitation of o-phase from ferrite in the tem-
perature range of 650-950 *C [17, 21, 24-26].

The above limits of 8-ferrite content are deter-
mined from the condition of providing a satistactory
resistance of welded joints in austenitic steels (weld
and HAZ mectal) to hot cracking [17]. In its turn,
prevention of d-ferrite formation leads to a consider-
able lowering of technological strength. The problem
of formation of hot cracks, namely solidification
cracks and rcheat cracks in multipass welds and in
the HAZ metal, is the most acute in welding of Nb-
stabilized austenitic steels and joints of steels of
greater thicknesses | 11, 17]. Hot cracking in welding
of Nb-containing steels is associated with formation
of low-melting interlavers, enriched in niobium and
nickel [11]. Inaddition, overheating of the HAZ metal
up to the temperatures of dissolution of secondary
phases (up to ~ 1300 °C), in particular niobium car-
bides, and their repeated precipitation in a finer form
leads to strengthening of intergranular regions, low-
ering of their ductility and initiation of cracks in

operation or at heat treatment, performed to relieve
inner stresses, particularly in thick-walled compo-
nents.

Some of the significant drawbacks of materials
with y-lattice are their low heat conductivity, high
heat capacity, high thermal expansion, unfitness for
welded joint control by the magnetic method and
unreliability of their ultrasonic testing (particularly
at greater thicknesses) [8, 11]. This makes them less
adaptable to fabrication and more complex in manu-
facture and operation of high temperature components
of boiler units, compared to steels with a ferrite lat-
tice. Tligh heat capacity of austenitic steels signifi-
cantly delays reaching the required operating mode
and slows down the processes of heat cycling, high
cocfficient of thermal expansion (50 % higher than
that of the ferritic steel) causes reactive stresses and
deformations both in the piping and high temperature
components, and in the joints with the supporting
structures, which may lead to development of fracture
sites in individual zones of boiler equipment and in
thick-walled welded sections [17]. Relieving the lon-
gitudinal thermal deformations in the piping requires
making compensation bends (loops), which increases
the labour consumption and cost of welded structures.

Despite the above problems related to use of
austenitic stecls, their application is justified in many
cases, particularly at T > 600-650 °C and presence
of the factor of aggressiveness of the high-temperaturc
medium. For instance, austenitic materials are suffi-
ciently effective in the structures of modern combined-
cycle plants [11}. These plants use both the cnergy
of ov uheate d steam, rotating the steam turbine, and
the energy of gases formed at combustion of gascous
products of the process of coal gasification and used
for rotation of the gas turbine, located sequentially
with the steam turbine. Efficiency of the combined
cycle-plant reaches 57-58.8 % [1, 11]. Heat-resistant
steels and high-temperature austenitic materials are
applied simultaneously in manufacturing of such
plants. The latter (for instance, nickel alloys of the
type of Alloy 800 (X8NiCrAlTi3120), AC66
(X5NiCrCeNb3227, DIN N1.4877) arc used in the
structures of equipment for coal gasification and in
the systems of gas transportation to the gas turbine
f11].

Thus, the technical, ccological and economic rea-
sons necessitated develapment af a new m %anal with

a-lattice, having a s cie
tion and fit for operation at T~ 560-600 °C, i.e. in
the temperature range limited, on one side, by the
admissible (critical) temperature of operation of the
existing heat-resistant steels and, on the other hand,
by temperatures, at which application of austenitic
stecls is more rational [7, 9].

Investigations on development of heat-resistant
steels with a higher level of long-term strength were
conducted for several decades in different countries.
Developments were aimed at increasing chromium

content from ~ 2 up to 9-12 % at alloying with mo-
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