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The effect of the heat treatment on the 
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According to the European Standard PN-EN 10216-2 two types of the heat treatment could apply to 7CrMoVTiB10-10 – the modern bainitic
boiler steel. The 7CrMoVTiB10-10 steel may have different properties, depending on the chosen method of the heat treatment. This paper shows
the differences in the microstructure and the properties occuring after two processes: one of them including normalization and tempering, and the
other – hardening and tempering.
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Introduction

The heat treatment is used to alter the microstructure and,
consequently, the properties of steel. Those mechanical
properties depend on the type of the heat treatment. Eu-
ropean Standard PN-EN 10216-2:2002 defines the con-
ditions of technical delivery of seamless steel tubes for
pressure purposes. Some details of the heat treatment of
the 7CrMoVTiB10-10 seamless steel tubes are described
in this standard. The above mentioned norm describes two
types of the heat treatment which are acceptable for 7Cr-
MoVTiB10-10. The basic kind of the heat treatment is the
one involving normalizing and tempering. Hardening and
tempering can be employed when the wall thickness is bigger
than 16 mm, or if the ratio of the wall thickness to the tube
diameter is more than 0.15. The aim of this paper is to show
the differences between the microstructure and the properties
of hardened and tempered samples and of those samples
which were subjected to normalizing and tempering.

Material

The tested material was the 7CrMoVTiB10-10 steel. The
chemical composition of 7CrMoVTiB10-10 is shown in
Table 1.

Methodology

Heat treatment
Material were subjected to the heat treatment before re-
search. The parameters of the heat treatment of 7Cr-
MoVTiB10-10 steel are given in Table 2. 

The exact parameters of the heat treatment of normal-
ized and tempered specimens are not known because this
type of the heat treatment was conducted by the producer
of a pipe.

Microstructure examination
The ingredients of an etching reagent used for revealing the
microstructure of 7CrMoVTiB10-10 were: 97 cm³ of ethyl
alcohol and 3 cm³ of nitric acid. The microstructure was
observed using an MA-200 microscope.

Tensile test
Six tensile specimens used for testing were cut from a tube.
The drawing of a sample is shown in Figure 1. The real
image of specimen is presented in Figure 2.

Three of the specimens were normalized and tempered,
and the other three were hardened and tempered. 

Table 1. The chemical composition of the 7CrMoVTiB10-10 steel
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Hardness examination
Hardness was mczareasured in the normalized and temper -
ed specimen and in the specimen after hardening and tem-
pering. Five measurements in both specimens was carried
out in Vickers scale (HV10). Hardness tester NEXUS 4000
produced by INNOVATEST was used to conduct the
hardness examination.

Results

The microstructure of the 7CrMoVTiB10-10 steel after
normalization and tempering is shown in Figures: 3 ÷ 6.

The enlargements used during the observation of the mi-
crostructure presented in these pictures are different.

Figure 1.The drawing of a specimen for tensile test

Figure 5. The microstructure of 7CrMoVTiB10-10 after
normalizing and tempering

Figure 4. The microstructure of 7CrMoVTiB10-10 after
normalizing and tempering

Figure 3. The microstructure of 7CrMoVTiB10-10 after
normalizing and tempering

Figure 2. The real image of a specimen for tensile test

Table 2. The parameters of the heat treatment of 7Cr-
MoVTiB10-10
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The microstructure of the material subjected to hard-
ening and tempering is presented in Figures: 7 ÷ 10. Dur-

ing observations of the microstructure shown in each of the
pictures different enlargement were used.

The specimens after the completion of the tensile test
are shown in Figure 11. The hardened and tempered spec-
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Figure 6. The microstructure of 7CrMoVTiB10-10 after
normalizing and tempering

Figure 8: The microstructure of 7CrMoVTiB10-10 after
hardening and tempering

Figure 7. The microstructure of 7CrMoVTiB10-10 after
hardening and tempering Figure 10. The microstructure of 7CrMoVTiB10-10 after

hardening and tempering

Figure 9. The microstructure of 7CrMoVTiB10-10 after
hardening and tempering

Figure 11. The specimens after completion the tensile test
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imens are placed on the left side and specimens subjected
to normalizing and tempering - on the right side.

The diagrams resulted from the tensile tests conducted
for all the specimens are shown in Figure 12 and Figure 13. 

The values of yield strength and tensile strength for
tested specimens after normalizing and tempering are pre-
sented in Table 3.

The values of yield strength and tensile strength of the
hardened and tempered specimens are detailed in Table 4.

Table 5 shows the values of hardness of the normalized
and tempered specimens.

The values of hardness of the specimens subjected to
hardening and tempering are presented in Table 6.

Discussion

The observations of the microstructure of the 7CrMoVTi
B10-10 steel show the grain size after normalizing and tem-
pering differs from that obtained after hardening and tem-
pering. The average grain size of the 7CrMoVTiB10-10
steel after normalizing and tempering is 10 μm. The grain
size of the material subjected to hardening and tempering
is approximately 5μm. The mechanical properties of ma-
terials are conditioned by, among other things, the size of
grains. The yield strength, the tensile strength and the elon-
gation are different for the material subjected to normaliz-
ing and tempering and for the hardened and tempered
material. The values of yield strength and tensile strength
for the steel subjected to hardening and tempering are ap-
proximately 350 MPa higher than the values of yield
strength and tensile strength for the normalized and tem-
pered material. The value of strain is higher for 7CrMo
VTiB10-10 after normalization and tempering - it equals
approximately 0,43. The value of strain of the hardened
and tempered material equals approximately 0,41. The av-
erage hardness of the normalised and tempered specimen
equals 213 HV10. For the specimen hardened and tem-
pered the average hardness equals 357 HV10. Heat treat-
ment which includes hardening and tempering is called
toughening. The grain size is not the only factor responsible
for the differences recounted above. Other reasons are as
follows: the bainitic microstructure is created after harden-
ing and the perlitic microstructure after normalization in
case of 7CrMoVTiB10-10. Bainite has higher values of

Figure 13. The tensile test diagrams for the hardened and
tempered specimens: 1 – the first sample, 2 – the second
sample, 3 – the third sample

Figure 12. The tensile test diagrams for the normalized
and tempered specimens: 1 – the first sample, 2 – the se -
cond sample, 3 – the third sample

Table 4. The values of yield strength and tensile strength
for tested specimens after hardening and tempering

Table 6. The values of hardness for tested specimens after
hardening and tempering

Table 5. The values of hardness for tested specimens after
normalizing and tempering

Table 3. The values of yield strength and tensile strength
for the tested specimens after normalizing and tempering
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yield strength, tensile strength and hardness than perlite
even after tempering whereas perlite has higher values of
elongation and reduction of the area at fracture. Addition-
ally, some austenite transform to martensite during bainite
reaction. This transformation also increases the values of
yield strength, tensile strength and hardness of the hard-
ened and tempered specimens.

Conclusions

The conditions of the technical delivery (including heat
treatment) of the material are the one of key factors in
processes of manufacturing the crucial elements responsible
for the reliability and safety of machines (boiler in power
plant – in case of 7CrMoVTiB10-10). The same material
may have different properties according to the chosen type
of the heat treatment. The values of the tensile strength,
the yield strength and the hardness were higher for the fine-
grained, bainitic microstructure which was obtained by
hardening and tempering. 7CrMoVTiB10-10 is used for
pressurized elements so its mechanical properties are very
important. The type of the heat treatment is very important
and it should be taken into account while placing an order
for parts made of the 7CrMoVTiB10-10 steel. The hard-
ened and tempered steel is often more expensive than the
normalized and tempered material, but it should be chosen
if it is intended to work under the load which is too high
for the 7CrMoVTiB10-10 steel subjected to normalizing
and tempering.
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