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Boriding is a thermochemical surface treatment used to improve corrosion and wear resistance of hardened
steels. In this work, we study the effect of boriding treatment in solid medium on the cyclic fatigue resistance
of C20 carbon steel. Specimens of untreated and borided C20 steel in a solid medium consisting of 5% B4C, 5%
NaBF4 and 90% SiC were subjected to rotating-bend fatigue device. The results showed that the improvement in
fatigue resistance carried by the boriding treatment on C20 steel is low. This was explained by the presence of
FeB boride in addition to Fe2B boride, which leads to surface cracking.
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1. Introduction

The fatigue life of materials and structures is very sen-
sitive to their surface finish. In some cases, improvement
of the fatigue resistance of materials is achieved through
the improvement of their surface properties. The com-
pressive residual stresses induced by surface treatment
can improve fatigue strength of the material [1, 2].

Boriding is a thermochemical surface treatment that
can be applied to a wide range of materials (ferrous met-
als, non ferrous metals, cermets, etc.). It consists in in-
troducing by diffusion of boron atoms through the sur-
face of the substrate. The so introduced boron atoms
react with the base material to form borides. Boriding
treatment allows obtaining surface hardness much higher
than those obtained by other conventional treatments like
hardening, nitriding or carbonitriding. Boriding thermo-
chemical surface treatments can be achieved by various
methods: in a solid medium in powders [3, 4] or with
pastes [5], in a liquid medium of fused salts with or with-
out electrolysis [6], or in a gaseous medium [7]. The main
advantage of the boriding treatment applied to steel is
that it allows combining a high surface hardness with a
low coefficient of friction, which promotes a good wear
resistance. Many studies have been devoted to the ben-
eficial effect of boriding on the wear and corrosion resis-
tance of steels [8, 9], but the effect on the cyclic behavior
and fatigue remains unknown in general.

In this work, we study the effect of boriding treatment
in solid medium on the cyclic fatigue resistance of C20
carbon steel. Specimens of untreated and borided C20
steel in a solid medium consisting of 5% B4C, 5% NaBF,
and 90% SiC were subjected to rotating-bend fatigue de-
vice.

2. Experimental techniques
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C20 steel specimens with dimensions as specified in
Fig. 1 were used for fatigue testing in rotating bending
machine. The chemical composition of the steel C20 is
given in Table L.
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Fig. 1. Rotating-bend fatigue test samples.

TABLE I
Chemical composition [wt.%] of the C20 steel.

C |Mn| Si P S Cu| Cr | Ni | Fe
0.192/0.680.34]0.027|0.023|0.18{0.19|0.26 | bal.

Before boriding treatment, all samples have undergone
a surface preparation with silicon carbide paper up to
grade 1000 to facilitate the boron diffusion through the
surface.

Boriding treatment was carried out in a powder con-
sisting of 90% SiC as a diluent, 5% B4C as boron source
and 5% NaBF, as activator. According to previous work,
a treatment of 4 h at 900°C was done to obtain an av-
erage borided layer thick of about 150 pm. After the
boriding treatment, all samples were allowed to cool in
air.

In addition to observation in optical and scanning elec-
tron microscopy, the phase identification of the treated
samples was made by X-ray diffraction using Panalytical
X’Pert Pro X-ray Diffractometer.

Hardness values of the samples were measured by using
a Mitutoyo MVK-H2 microhardness tester. The changing
of the hardness values from the surface to the substrate
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was determined on the Vickers indentation by applying a
load of 50 gf for borided layer and 100 gf for underlying
zone and substrate.

The fatigue tests were carried out with a rotational
bending machine. Different loads were applied to borided
and untreated specimens under the same conditions un-
til failure. For each load, we considered three pieces and
we took the average value as the average stress. S-N fa-
tigue diagrams of borided and untreated specimens were
plotted and compared.

3. Results and discussions
8.1. Boriding of C20 steel

Boriding treatment carried out at 900 °C for 4 h leads
to borided layer of about 150 pm depth. The microstruc-
ture of borided layer, obtained on C20 as a consequence
of boriding treatment at 900 °C for 4 h, consisted of two
phases: FeB at the surface and FesB below, with pre-
dominance of FeyB boride.

Figure 2a and b shows the microstructure of C20 steel
before and after boriding treatment.

Fig. 2.

Microstructure of C20 steel: (a) before borid-
ing treatment, and (b) after boriding treatment at
900°C for 4 h.

The borided layers obtained on the surface of C20 steel
have an acicular shape morphology oriented perpendicu-
larly to the treated surface.

The identification of the boride layers formed on the
surface of C20 steel by X-ray diffraction and the observa-
tion by optical and scanning electron microscopy revealed
that these boride layers consist essentially of FesB boride
inwards and a low proportion of FeB boride to the out-
side.

Based on the observations made on the sections of the
borided specimens, we recorded three different zones:

1. The borided layer,
2. An underlying zone, and

3. The substrate.

3.2. Microhardness

To evaluate the effect of the boriding treatment on the
surface of C20 steel, microhardness measurements were
carried out on the three different zones. The microhard-
ness values corresponding to the different zones are sum-
marized in Table II.

TABLE II

Microhardness values of different zones of borided C20
steel.

Zone Microhardness [HV]
borided layer 1840
underlying 670
substrate 180

The hardness values obtained from the surface towards
the core of the substrate represent a hardness gradient
which can be very advantageous during rotational bend-
ing tests [10].

3.3. Fatigue tests

Results of fatigues tests on borided and untreated spec-
imens are shown in Fig. 3. S-N curves representing
borided samples have been compared with S-N curves
of untreated samples. This comparison has pointed out
that fatigue strength of borided specimens is slightly bet-
ter than of untreated ones.
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Fig. 3. S-N curve for borided and untreated C20 steel.

Contrary to the results obtained by Bouaziz et al. [10]
where they found that the boriding of an XC38 steel in a
molten salt consisting of borax and SiC reduces its fatigue
strength by 20 to 25%, we have found that the boriding
treatment performed on C20 steel improves the fatigue
strength of this steel by about 20%.

The results are shown in Fig. 3. Let us indicate that
the improvement in fatigue resistance carried by the
boriding treatment on C20 steel is low. This was ex-
plained by the presence of the boride FeB in addition to
the FeyB boride, which leads to surface cracking.

4. Conclusions

The effect of boriding treatment on C20 steel has been
investigated in this work. Boriding treatment was carried
out in powder mixture consisting of: 5% B4C as boron
source, 5% NaBF, as activator and 90% SiC as diluent for
4 h at 900°C. Optical microscope, SEM, XRD and mi-
crohardness characterization of borided layers was done.
Cyclic fatigue tests were realized and S-N curves have
been plotted.

Towards the end of this investigation, we can point the
following conclusions:
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. The boriding treatment at 900°C for 4 h allowed
to obtain a borided layer of about 150 pm with
acicular shape on the surface of the steel C20. It
should be noted that FesB boride was predominant
in the borided layer.

. Microhardness measurements from the surface to
the substrate core showed a hardness gradient from
the surface with a maximum value of 1840 HV and
a minimum value of 180 HV at the core of the sub-
strate.

. According to the S-N curve, the lifetimes of borided
samples are relatively improved compared to the
untreated samples. For all applied loads, the fa-
tigue life of borided samples was increased by about
15-20% compared to untreated samples.
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