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Abstract

In this paper the effect of quenching and tempering (Q&T) thermal treatment on mechanical
properties of a novel 6.5% Cr steel for forged components is studied. The main innovation is in
the increased hardenability following the higher Cr content with respect to the more common
5% Cr steel allowing to lower the content of other chemical elements aimed to achieve the target
mechanical properties. Following to the high intrinsic hardenability of such steel based on the Cr
content a poor effect of prior austenite grain size should be expected after quenching. Aim of
this work is to evaluate such effect and to analyse the dependence of mechanical properties on it.
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1 Introduction
Mechanical properties in steel can be improved by adding alloying elements. Among them the
most commonly used are chromium and molybdenum. Different strengthening mechanism can
be activated depending on final product properties to be targeted. The standard methods used for
strengthening steels are [1, 2]:

e microstructure refinement,

e solution hardening,

o dislocation strengthening,

e precipitation hardening.
It has been reported that the tensile properties are strongly dependent on grain size and such
mechanism should increase the yield strength up to three times [3-4]. Moreover, such method
can allow the best strength/toughness combination [5-7]. Solution hardening allows to increase
fatigue and high temperature behavior [8-10]. Anyway, both methods could be difficult or quite
expensive since are affected by the cost of the elements to be added at the steel composition.
This paper will focus mainly on the quenching and tempering strategy adopted for steels for
forgings [11-13] with enhanced Cr content. Quenching and tempering (Q&T) is one of the most
common heat treatment processes after forging. Although forging could increase the product
strength, usually the actual hardness values are still poor. Heat treatments are generally carried
out after forging aimed to achieve the target mechanical properties. It is the combination of these
two processes (forging and heat treatment) that allows to achieve a harder, tougher part that’s
easier weldable and ductile than ordinary carbon steel. However, producing forgings using the
Q&T is inefficient and deleterious to the environment and alternative routes to high strength
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forgings have been studied for decades [14]. For flat C-Mn steel rolled product the addition of
microalloying elements is usually adopted to increase tensile properties [15-20]. Thus, vanadium
micro-alloying is predominant in these steels, although growing importance is being placed on
dual additions of vanadium with lower levels of niobium. Nitrogen additions are useful to
enhance precipitation strengthening in the vanadium applications [21-24]. Moreover, increased
yield strength can be achieved by improving hardenability and Cr is usually added with
increasing material costs.

These micro-alloying strategies are increasingly employed to enhance strength and performance,
or to reduce the number of heat-treating steps while maintaining adequate mechanical
performance.

2 Experimental materials and methods

A steel with chemical composition 0.30% C — 0.70% Mo — 6.50% Cr — 0.65% Mn, measured by
Quantitative Spectroscopy Analysis, is considered in the following. The steel was manufactured
by Electroslag Remelting process (ESR) resulting in higher internal quality ingots. From the
ingot, specimens have been cut for Continuous Cooling Temperature (CCT) curves
determination. CCT curves were determined by means of dilatometry measurements carried out
on 5 mm length 1 mm diameter specimens, with controlled cooling rate. After cooling all
specimens were analyzed for hardness and microstructure by Light Microscopy (LM). Phase
transformations have been studied and, following to it, quenching and tempering (Q&T)
treatments have been performed starting from two different austenitization temperatures (980°C
and 1200°C) followed by cooling at the rate defined by CCT and tempering at different
temperatures. Microstructure analysis and hardness measurements of heat treated specimens
have been carried out by means of Light Microscopy (LM) after 4% Nital etching and 2 Kg
Vickers indenter (HV). Room temperature tensile tests were carried out according to 1SO 6892-
1 specification.

3 Results
Dilatometric curves of the selected steel after austenitization at 980°C and 1200°C are reported
in Fig. 1. The built CCT diagram based on such curves are shown in Fig. 2.
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Fig. 1 Dilatometry curves of the considered steel: a) austenitization at 980 °C; b)
austenitization at 1200°C
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Fig. 2 CCT diagrams of the selected steel (red curve: austenitizationa at 980°C; blue curve:
austenitizationa at 1200°C)

Results reported in Figs. 1 and 2 show that for such high Cr steel, a negligible austenitization
temperature effect is found to be on the cooling behaviour, following the high intrinsic
hardenability, even if a strong difference holds is found in terms of prior austenitic grain size

Fig. 3  Austenitic grain size of two specimens after austenitization at 980 °C (a) and 1200 °C

(b)

Based on results reported in Fig. 2, specimens were austenitized at 980°C, air cooled to achieve
a fully ferritic-pearlitic microstructure (reproducing what is found in forgings); specimens were
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tempered in the range 540°C — 660°C for 30 minutes holding time. The microstructure obtained
after cooling is reported in Fig. 4. It is fully ferritic and pearlitic, as expected following Fig. 1.
Hardness measurements performed on quenched and tempered materials are shown in Fig. 4.
Results show that values do not significantly change in the range of the tempering temperature
as expected in the case of microstructure mainly constituted by ferrite and pearlite (Fig. 5).
Results of tensile tests Q&T materials after tempering at 640°C are reported in Table 1.

Fig. 4 Microstructure after austenitization and cooling: austenitization temperature = 980°C
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Fig.5 Effect of tempering on hardness. Austenitization time: 30 min, tempering time: 30 min

Table 1 Tensile properties of material austenitized at 980°C and tempered at T=640°C

Austenitization temperature (°C) Rm [MPa] Rpo2[Mpa] A%
980 966.4 739.9 18.3
1200 737.6 407.6 20.3
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4 Discussion

Results show that in the case of 6.5% Cr steel, following the high intrinsic hardenability, the
austenitic grain size effect on microstructure after cooling is really poor. Based on this result the
same behaviour in terms of microstructure is found after austenitization at 1200 °C (typical
forging process temperature) or 980 °C (typical heat temperature applied to final product). It is
worth to be mentioned that in many cases this should allow to avoid the final Q&T treatment,
just adopting the material in the as-forged condition. Nonetheless, the adoption of a final heat
treatment (anyway independent on tempering temperature) should allow to increase the tensile
properties, as a result of the ferrite refinement following the austenite grain size refining effect.

5 Conclusion

In this work the effect of quenching and tempering (Q&T) thermal treatments on mechanical
properties of a C-Mn steel with 6.5% Cr for forged components has been studied on a laboratory
scale. Results show that the microstructure obtained after Q&T treatments is almost totally
ferritic and pearlitic and the hardness of Q&T samples does not change in the range of 540°C to
660°C of tempering temperature. Results show the possibility to increase tensile properties if
such steel based on a Q&T process also in absence of an effect due to the austenitisation
temperature.
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