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Abstract. The aim of this work was to study the phase transformation phenomena in a medium carbon microalloyed steel by using the
dilatometry technique. This technique allows the construction of a diagram, usually denominated CCT (Continuous Cooling
Transformation). At the same time, scanning electronic microscopy studies were accomplished for the characterization of the

microstructures obtained. The study showed that for low cooling rates, below Pcis, the transformation resulted is a predominantly
pearlitic microstructure. For intermediary cooling rates (from ®C/s to 10°C/s), a mixed microstructure containing pearlite and

bainite was observed. Finally, at higher cooling rates (from 309C/s to 70°C/s) the transformation was completed with predominantly
martensitic microstructure.
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1. Introduction

Sted is one of the metdlic materids which has been having a continuous evolution in last century with a large
range of production. Among the several kinds of ded avalable in the market, it is possble to highlight the
microdloyed sted, which had a dgnificant advance in the 1970's. Microdloyed steds contain specid dements, such as
Nb, V, Ni, and Ti in a concentration usualy lower than the 15% (HONEY COMBE, RW.K; JAHAZI, M.).

Because of its mechanica properties, microdloyed steds are largely applied in automotive industry. Vanadium
microdloyed ged is gpplied in forging products such as crankshafts and connecting rods (PICKERING, F.B.;
MUSSCHENBORN, K. P). The knowledge of its microgructure is fundamentd for the correct application in industria
scade, thus encouraging the study of the metdlurgicd phenomena and processing schedule which involve this specific
Stedl.

In this context, the am of this work was to invegtigate phase transformations which may occur in a venadium
microdloyed medium cabon ged by usng dilaometry tests. Continuous cooling tranformation diagram  (CCT
diagram) was dso peformed. Afterwards scanning dectronic microscopy was employed to observe the microstructures
obtained.

2. Experimental procedure

The materid used was a medium carbon ded containing vanadium as the microdloying eement. Its chemicd
compositionisgivenin Tab. (1).

Table 1. Chemical composition of the vanadium microaloyed medium carbon stedl (% weight).

C S Mn V P N Al
0,39 0,62 1,30 0,11 0,016 0,013 0,025

Samples of the investigated steel were supplied as cylindricd bars with 2.54 cm of diameter and 15 cm in length. Bars were
worked to the final geometry showed in Fig. (2).
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Figure 1. Sarrple geometry for dilatometry tests. The numerica vaues are in millimeters.
2.1 Dilatometric tests

The dilatometric tests were peformed in an ADAMEL LHOMARGY (DT 1000 mode) dilatometric test
equipment to determine the steedl behavior under severd different cooling rates.  In this work, the soaking temperature
used was 1150°C, for 10 minutes. This temperature and time assure a complete austenitic field. Cooling rates employed
were 1, 5, 10, 15, 20, 30, 40, 50, and 70°C/s. The schematic representation of the therma cycle employed in cooling
may be seen in Fig. (2). An example of the graphic result supplied by the dilatometric tests equipment is showed in Fig.
©F
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Figure 2. Schematic illustration of the thermal cycle employed in the dilatometric tests performed.
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Figure 3. Typica dilatometric curve obtained during the experiments.



3. Results and Discussion
3.1 CCT Diagram

From the dilatometric curves obtained, it was condructed the CCT diagran showed in Fig. (4). Table 2 shows
the initid and final audtenite decomposition temperatures, Ar; and Ary, respectively, dong with the martenstic
beginning, Ms, and finishing, Mf, temperatures resulted.
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Figure 4. CCT diagram eaborated from the dilatometric curves. Abbreviations: Ars, initial austenite decomposition
temperature; Ar, find austenite decomposition temperature; Ms, initial martensite formation temperature; Mf, final
martendite temperature.

Table 2. Phase transformation temperatures obtained at various cooling rates. Abbreviations: Ars, initial austenite
decomposition temperature; Ary, find austenite decomposition temperature; Ms, initid martendite formation
temperature; Mf, find martensite temperature.

Coaling rates Arg Ar, Ms Mt
(*Cl9 ©) (*©) 0 9]
0.5 720.5 610.2 - -
1.0 705.0 600.3 - -
2.0 669.5 510.3 - -
3.0 660.5 436.7 - -
5.0 670.6 4104 - -
100 600.4 370.7 330.1 200.7
150 566.8 4313 3325 205.4
200 5105 443.9 335.7 2128
30.0 - - 340.8 204.0
40.0 - - 3235 206.4
50.0 - - 3185 2105
70.0 - - 3215 2084

The diagran CCT andysis associated with SEM microstructures showed that for cooling rates less than 1°Cls
ferritic-pearlitic microstructures occurred as it can be obsaved from Fig. (5-A). Cooling rates from 3°C/s to 10°Cls
presented a mixed microstructure containing pearlite, ferrite and bainite as showved in Fg. (5-B). Higher cooling rates,
morethan 10°C/s presented a typica martensitic microstructure, asit can be seenin Fig. (6-A-B).



A B
Figure 5. Scanning eectronic microscopies showing a pearlitic microstructure in “A” obtained at 1°C/s cooling rate and
bainitic microstructure obtained at 3°C/s cooling ratein “B”.
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Figure 6. Scanning electronic microscopies showing amartensitic microgtructures obtained at 10°C/s cooling rate (A)
and a 30°C/s cooling rate (B).

Microhardness tests showed a increase in hardness with increasing cooling rates. Thus, a a cooling rae of
1°Cls it was obtained HV(10) = 298.2, meanwhile a higher cooling rates, for instance, a 30°C/s, it was obtained a vaue
of HV(10) = 5024. These results are in accordance wih previous studies (GLADMAN, T.; BORDIGNON, P.JP)
reported for steelswith similar chemical compositions.

Finaly, the results presented in Tab. (2) showed a correspondent variation of the phase transformation
temperatures with the cooling rates employed. Such variations occurred with the decrease of the temperatures at the
beginning and a the end of the trandformations, as the cooling rate was increased. It can adso be noted thet the
temperature intervals in which the transformations occurred were depend on the cooling rates. Thus, a cooling rates
bdow 10Cls, the transformation was complete in intervals near to temperatures of 100°C. At intermediary cooling
raes (from 3C/s to 10°Cls), phase transformation was complete with temperatures ranging fraom 200 to 300°C.
Increasing cooling rates (30°C/s), resulted in complete transformation at intervals near to 100°C.

4, Conclusions

- Ferritic-pearlitic microgructures were observed a cooling rates lower than 1°C/s. This cooling rate is ided for this
microalloyed sted to be used asaforged product.

- Intermediary cooling rates ranging from 3C/s to 10°C/s showed mixed microstructure containing ferritepearlite and
bainite.

- Cooling rates higher than 3°C/s presented martensitic microstructure formation.
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