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INFLUENCE OF DECARBURIZATION ON THE DURABILITY OF STEELS
FOR RAIL ACCESSORIES

V. 1. Hrybovs’ka,’ R.V. Chepil’,’ and O.P.Ostash'?’ UDC 539.43: 669.018.27: 66.046.564

We study the influence of the furnace and electric-contact heating, the temperature of austenitization,
and the sand-blasting treatment on the structure, decarburization, strength, and durability of 60S2 and
65G steels. It is shown that, with the help of electric-contact heating, it is possible to minimize the de-
carburization of the subsurface layers of steels and make their fatigue strength 1.2-1.4 times higher.
At the same time, after sand blasting, it becomes 1.5-2 times higher. It is shown that, after the corre-
sponding modes of thermal and sand-blasting treatment, the strength and durability of 65G steel are
higher than for 60S2 steel in the case where their hardnesses are identical. Therefore, this steel can be
regarded as an alternative material for manufacturing of highly loaded elastic elements.
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In manufacturing the elements of rail accessories [1-3] and other elastic elements, it is customary to use
55S2(A)- and 60S2(A)-type silicon spring steels [4—-6]. To guarantee the required operating characteris-
tics (strength, elasticity, fatigue life, etc.), the products are subjected to certain types of heat treatment (HT).
As a rule, this is through quenching and tempering in order to get a uniform level of hardness (40—-48 HRC)
over the entire cross section [3, 7]. Moreover, for the improvement of the other properties, it is also possible to
undertake additional measures (surface hardening, cold hardening, etc.) [8—10].

As a serious disadvantage of the steels from this group, we can mention their elevated susceptibility to
decarburization of the surface layers as a result of burning (loss) of carbon in the course of heating. According
to GOST 14959-79 [4], the depth of the decarburized layer for the rolled stock of silicon steels should not ex-
ceed 2.0% of the diameter of the rod. The stage of formation of the products also promotes the process of
decarburization because, for the purposes of getting the required configuration, the rods are bent in special
presses after preliminary heating of the blanks to a temperature of 760-800°C, which leads to the loss of car-
bon by the surface layers of the metal [11]. It is clear that, in the course of subsequent procedures of heating in
the process of heat treatment (usually not in protective atmospheres), the depth of this layer increases with sim-
ultaneous decrease in the carbon content [12].

This problem is very urgent for the accessories of railroad rails operating under the conditions of cyclic
loading characterized by the presence of nonuniform stress gradients in the cross sections of the components
caused by the specific features of the structure and the mode of application of the load [1, 13, 14]. The decisive
role in this case is played by the properties of the subsurface layer. It is known that the decarburized layer
strongly affects the fatigue limit of the material. Thus, for the most extensively used 60S2 steel, it becomes
almost twice lower [5]. Hence, in manufacturing the elastic elements of rail accessories, it is important to choose
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Table 1. Modes of Heat Treatment and the Mechanical Properties of Steels

Modes of HT Mechanical Fatigue limit,

: : : characteristics G, , MPa,

Steel I:;it)trntlf quenching tempering Hardness, a o
1 .
- - o c
quenching tempera holding, tempera heatlng and | Oo2 u ) \ HRC N =107
ture, . ture, holding,
oC min oC min MPa % cycles

290
60S2 870 470 1250 1380 10 29 43 —
o - - 600
405
Furnace ¢4 10 1345 1560 8 25 —
65G 400 100 45 630
810 1450 1600 7 24 450
60S2  Electric 870 N 470 1410 1530 9 28 45 400
65G  contact 810 400 1570 1690 7 23 46 490

Comment: We present the mean values of the mechanical characteristics after heat treatment in the numerator and after sand blasting
in the denominator. 1. Corresponds to the total time of heating and holding.

an appropriate material and optimize the modes of HT with an aim of minimization of the degree of decarburiza-
tion of the surface layers.
In this case, the following two directions are promising:

— the application of 65G steel as a substitute of 60S2 steel (60S2A steel); this steel is not only less sus-
ceptible to decarburization but also has higher strength and elasticity characteristics for the same level
of hardness (which guarantees the possibility of stronger pressing of the component); moreover, it is
better quenched [15], and is more cost-efficient than 60S2A steel (by 20-25%);

— the application of electric-contact heating in the course of HT, which minimizes the decarburization of
the metal due to a substantial decrease in the duration of heating; moreover, the acceleration of heating
leads to the dispersion of austenitic grains as a result of which the characteristics of short-term
strength and durability increase [16—18]; at present, the influence of these factors on the fatigue char-
acteristics of 60S2 and 65G steels is insufficiently well studied.

The aim of our investigation is to study the influence of the state of subsurface layers of the specimens of
60S2 and 65G steels after different types of treatment on their durability and estimate the prospects of replacement
of 60S2 steel with 65G steel in manufacturing the accessories of railroad rails.

Materials and Methods

Standard cylindrical specimens with a diameter of 6 mm in the working part [19] were made of rods
16 mm in diameter of 60S2 steel [0.59 C, 1.88 Si,0.83 Mn, and 0.12 Cr (wt.%)] and 65G steel [0.66 C,0.29 Si,
1.02 Mn, and 0.12 Cr (wt.%)]. The specimens were quenched in oil after heating in a furnace and by the elec-
tric-contact method [20] at a heating rate of 10°C/sec and tempered in different modes (Table 1). The specimens
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of 65G steel were quenched from a temperature of 830°C specified by the normative document [4] and also after
austenitization at 810°C because, at this temperature, it is possible to get better fatigue characteristics [15, 21].

Since large springs are mainly produced by hot deformation, in order to approach the conditions of the
technological process, the procedure of quenching under the furnace conditions was preceded by the heating
of specimens to 800°C with subsequent cooling in air. In the case of application of the electric-contact method,
the specimens are not preheated because, in this case, it is reasonable to combine their shaping with quenching.
In the case of furnace heating, some specimens were subjected to abrasive treatment (sand blasting) to a depth

of 0.15-0.2 mm in order to remove the decarburized layer. The fatigue tests of materials were performed with
symmetric loading cycles (R =—1) ata frequency of 50 Hz under the conditions of rotating bending.

The microstructure and fractographic features of the fracture surfaces were studied in a ZEISS EVO-40XVP
scanning electron microscope. The distribution of microhardness in the subsurface (decarburized) layers was stud-
ied by using a PMT-3M instrument under a load applied to an indenter of 0.98 N. The thickness of the layer was
determined metallographically and from the results of measurements of microhardness according to the standard
procedure [22].

Results and Discussion

After HT of 60S2 and 65G steels, a troostite microstructure (Fig. 1) with a hardness of 43—46 HRC was ob-
tained. After furnace heating, in the structure of 60S2 steel, cementite plates are chaotically oriented and only in
small volumes, where they are ordered, the boundaries of the former austenitic grains can be outlined (Fig. 1a).
After quenching from 830°C, 65G steel has a coarsened structure (Fig. 1b) because manganese increases its sus-
ceptibility to overheating [23]. After quenching from a temperature of 810°C, it becomes more dispersed
(Fig. 1c) and similar to the structure of 60S2 steel.

In the case of electric-contact heating, the microstructure of both steels is more ordered and, in particular,
we observe the formation of the packages of identically oriented plates located mutually perpendicularly for
60S2 steel (Fig. 1d) and at an angle of 60° for 65G steel (Fig. le). In this case, as compared with the furnace
heating, the distance between cementite plates in 60S2 steel somewhat decreases and their needle-like shape be-
comes more pronounced.

The difference between the structures of the subsurface layers becomes more pronounced. After furnace
heating for quenching, in 60S2 steel, we detected a substantial decarburization of the layer (Fig. 1f) formed by
the completely ferritized sublayer with grain sizes of up to 40 um and a transient sublayer in which the number
and sizes of ferrite grains gradually decrease with the distance from the surface; moreover, a network of carbides
was detected around these grains. The total depth of the decarburized layer varies within the range 80-100 um,
which constitutes about 1.6% of the diameter of the working part of the specimen. At the same time, for 65G
steel, independently of the quenching temperature (810 or 830°C), the boundaries of only individual ferrite
grains appear in the subsurface layers with a depth of 10 um (Figs. 1g, h). This serves as an indication of insig-
nificant decarburization. After the electric-contact heating for quenching, we do not observe any clear differ-
ences between the structures of the subsurface layers and the cores of the specimens of steels (Figs. 11i, j).

The distribution of microhardness from the surface of the specimens in depth (Fig.2) correlates with the
results of microstructural analysis. After the furnace heating for quenching, the microhardness of 60S2 steel in
the direction to the specimen surface substantially decreases from 5.5 to 3.15 GPa starting from the depth /1 =
0.1 mm, whereas the microhardness of individual ferrite grains at a distance / =0.02 mm in the zone of com-
plete decarburization varies from 2.5 to 3 GPa, which corresponds to the values typical of steel in the as-
delivered state [4, 11].
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Fig. 1. Microstructures in the bulk (a—e) and in the subsurface layers (f-j) of 60S2 (a,d,f,i) and 65G (b,c,e, g, h,j) steels: (a—c,
f-h) furnace heating; (d, e, i, j) electric-contact heating; (b, g) for a quenching temperature of 830°C; (c, e, i, j) for a quench-
ing temperature of 810°C.

In the case of electric-contact heating, the microhardness of steel near the surface also decreases but to
a much lesser degree (from 4.6 to 4.0 GPa) at a depth of 0.05-0.02 mm from the surface. However, in the case
of furnace and electric-contact heating, the microhardness of 65G steel over the cross section of the specimens is
constant.

It is known [24] that steel is most intensely decarburized at temperatures from the intercritical inter-
val A, —A.,, when the o.-Fe phase still remains in its structure and carbon diffuses in the body-centered cubic

lattice. In this interval, the diffusion rate of carbon is higher by an order of magnitude than at temperatures higher
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Fig. 2. Distribution of microhardness from the surface of specimens of 60S2 (M, A) and 65G (LI, XI, A) steels in depth after heat

treatments by furnace (M, [, XI) and electric-contact (A, A) heating: (J) quenching from a temperature of 830°C;
(X)) quenching from 810°C.

than A.,, when it diffuses in the face-centered cubic lattice. In the case of furnace heating, the period of time for

which steel stays in the intercritical temperature range is longer than in the case of electric-contact heating
(in our case, about 70 sec as compared with 7 sec) and, therefore, the loss of carbon is more pronounced. As an
additional negative factor, we can mention the preliminary heating to 800°C performed for the purposes of
shaping because, already in this stage, the subsurface layer of the metal is ferritized [6] and, in the course of sub-
sequent heating for quenching, the depth of decarburization increases [11].

The different susceptibilities of steels to decarburization are explained by their different chemical composi-
tion because their alloying elements (silicon and manganese) have different effects on the diffusion rate of car-
bon, its activity, and the temperature of o.—y transformation. Thus, in particular, silicon increases the diffusion
rate of carbon, its activity, and the temperature of o—7y transformation, whereas manganese decreases the dif-
fusion rate and activity of carbon, thus decreasing the temperature of o.—7y transformation [24].

Moreover, silicon significantly enhances the resistance of steels to oxidation at high temperatures, which
inhibits the formation of the surface oxide films playing the role of barriers for the interaction of oxygen with
carbon [25]. This is why, in these steels, the rate of decarburization of the subsurface layers increases. It should
be emphasized that, at high temperatures (800°C and higher), the rate of oxidation of steel decreases as the car-
bon content increases as a result of the intense formation of carbon oxide, which retards its decarburization [26].
This substantiates the results (Figs. 1 and 2) according to which the susceptibility of 60S2 steel to decarburiza-
tion is higher than for 65G steel.

The structural differences and the presence of decarburized layer strongly affect the fatigue properties of

steels. In the tests carried out on a base of 10’ cycles, the fatigue limit of the specimens of 60S2 steel subjected
to furnace heating, was equal to 290 MPa (Fig. 3, curve 1). At the same time, for specimens subjected to elec-
tric-contact heating, it was equal to 400 MPa (curve 2), i.e., the fatigue strength can be substantially increased by
decreasing the depth and degree of decarburization. In specimens with removed decarburized layer, the fatigue
strength significantly increases and attains 600 MPa (curve 3), which is explained not only by the absence of the
decarburized layer (whose structure much weaker resists the initiation and growth of microcracks) but also by
their possible cold hardening in the course of sand blasting.
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Fig. 3. Fatigue curves of steels: (1-3) 60S2 steel; (4-7) 65G steel; (1,4, 5) furnace heating; (2, 6) electric-contact heating; (3, 7) sand-
blasting; (4) quenching at a temperature of 830°C; (5) quenching at a temperature of 810°C.

Fig. 4. Fatigue fracture surfaces of 60S2 (a,b) and 65G (c,d,e) steels after heat treatments with furnace (a,c) and electric-contact (b,d,e)
heating for quenching.

A similar trend is also observed for 65G steel (resp., curves 4, 6, and 7). However, in this case, the fatigue
strength under the corresponding conditions of treatment is higher than for 60S2 steel in all cases (see Table 1).
Indeed, it is equal to 405 MPa as compared with 290 MPa after furnace heating to 830°C (the temperature
recommended by standard specifications), to 490 MPa as compared with 400 MPa after electric-contact heating,
and to 630 MPa as compared with 600 MPa after sand blasting. Moreover, as the temperature of austenitization
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decreases in the case of furnace heating to 810°C, the fatigue strength increases by 12%, i.e., from 405 MPa
to 450 MPa, which is caused by a higher degree of dispersion of the structure of the material (see Fig. 1).

Thus, removing the decarburized layer, we can make the fatigue strength of the specimens of 60S2 steel al-
most twice higher, whereas the fatigue strength of the specimens of 65G steel becomes 1.5 times higher. How-
ever, the rail accessories have complex geometric shapes and, therefore, it is technologically difficult and expen-
sive to remove the decarburized layer by sand blasting. To minimize the negative influence of decarburization
of the surface layers in the process of manufacturing, it is more reasonable to perform their electric-contact heat-
ing, which enables one to increase the fatigue limit of steels by a factor of 1.1-1.4 as compared with the proce-
dure of furnace heating.

The analysis of the fatigue fracture surfaces of the specimens shows (Fig. 4) that the microcracks are initiat-
ed in the subsurface slip strips and, in the course of time, propagate into the bulk of the specimen and form the
fracture topography in which we can detect the zones of initiation and growth of macrocracks. In the specimens
of 60S2 steel, the initial macrocrack is deeper (Fig. 4a, b) than in 65G steel (Fig. 4c, d), which agrees with the
ratio of their fatigue strengths. On the other hand, it is worth noting that, in the specimens of 65G steel, we rec-
orded the subsurface initiation of fatigue cracks near metallurgical inclusions (Fig. 4e). In general, the micro-
mechanism of crack growth in this steel is brittler than in 60S2 steel (Fig. 4) but this does not affect their dura-
bilities (Fig. 3).

CONCLUSIONS

The fatigue life of the elastic elements of the accessories of railroad rails can be prolonged by the electric-
contact heating in the process of shaping and heat treatment by minimizing the decarburization of their subsur-
face layers. The strength and durability of 65G steel are higher than for 60S2 steel in the case of application of
appropriate modes of heat treatment, which enables us to treat it as an alternative material for the production
of highly loaded elastic elements because it is less susceptible to decarburization and more cost-effective.
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