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Abstract

A novel method with thermal and press coupling effect is proposed for producing Fe-based amorphous alloy coating. The dense
Fe-based amorphous alloy coating could be fabricated without any porosity or cracks, and the thickness of Fe-based amorphous
alloy coating is about 25um. The content of amorphous phase in coating is about 70%. The metallurgical joint between substrate
and coating could be achieved. The hardness of coating is up to 974HV, which increased by 322% compared with the substrate. At
the same condition, the worn rate of the coating is 31mg, which decreased by 71% compared with the substrate. The improvement
of hardness and wear resistance is attributed to the maintained amorphous phase and precipitated nano a-Fe (Si) in the coating.
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Introduction

Fe-based amorphous alloy shows ultra-high-strength and
hardness, excellent wear and corrosion resistance, superior soft
magnetic properties and low economic cost, and is expected to
be a key structural material in aerospace equipment, biomedical
devices, precision equipment, and other fields. Thermal spray and
cladding techniques have been used to prepare amorphous alloy
coating. Mostly, the amorphous alloy powders are selected as the
row materials. In the thermal spraying process, the amorphous
alloy powders are sprayed onto the substrate’s surface in a semi-
molten state, deformed plastically, and stacked to the coating [1-
3]. In the conventional cladding process, the particles would go
through the melting re-solidification process [4-6]. The oxidation,
crystallization, layered structure of coating are inevitable in this
traditional technology, which would be detrimental to properties
and bond strength between coating and substrate. The amorphous
coating fabricated by classical thermal spraying usually has low
adhesion strength and high porosity (2%-5%) [7-9]. The coatings

fabricated by a conventional laser cladding have a low content of
amorphous phase, which can easily induce brittle cracks due to
the high heat input and dilution ratio [10-12]. Unlike traditional
thermal spraying and cladding technology, the self-developed
electric contract strength technology (ECS) is a new high-efficient
coating preparative technology [13-15]. In this paper, the ECS
technology and Fe-based amorphous ribbons are used to fabricate
amorphous alloy coating, and the content of the amorphous phase,
hardness, worn rate and worn surface are studied in this work.

The principle of electric contract strength process

The schematic diagram is shown in (Figure 1). According to the
“Joule-Lenzlaw”, alarge amount of Joule heat will be produced at the
interface when the current pass through the workpiece, coating and
their interface. With the temperature increases, the corresponding
area next to the interface could be softening, and atomic activity
could be increasing. Under the pressure of the electrode wheel,
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plastic deformation of workpiece surface and coating, melting and
atomic diffusion at the interface would proceed simultaneously. The
metallurgical joint between coating and matrix can be achieved.

the coating decreases rapidly. The amorphous alloy coating has
undergone a rapid heating and cooling process. Meanwhile a small
number of crystals will precipitate in the amorphous matrix.

Then the contact resistance between workpiece and coatin
P & Due to the short pulse time of current (only 0.02s) and less heat

decreases rapidly, and so does the heat production of the coating dissipation, the total heat Q is obtained from Formula 1-1 [16,17]

system. With the rotation of the electrode wheel, temperature of
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Figure 1: The schematic diagram of electric contract strength process

Where, i is the dynamic value of the current intensity through
the contact area,

the internal resistance of the workpiece and coating, and t is the
is the dynamic value of the contact resistance  conduction time.

between the workpiece and electrode, r, is the dynamic value of
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Figure 2: XRD patterns of Fe-based amorphous alloy ribbon and the fabricated coating (a), SEM image and elemental analysis of
Fe-based amorphous alloy coating(b-d)
Figure 2b: d shows the typical morphology SEM images and elemental analysis of Fe-based alloy coating
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Where, a is the resistance temperature coefficient, r, is the resistivity of the material at 7=0°C, T is the temperature.
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Figure 3: the hardness, wear rate(a) and worn surface of 45# steel with or without Fe-based amorphous alloy coating (b, c)

Where, p is the equivalent resistivity, o_is the mean square error
of the height of the rough peak on the rough surface, and F is the
contact pressure.

Compared with the existing thermal spray and cladding
techniques, the ECS technology for fabricating amorphous alloy
coating has the following advantages:

a) The Fe-based amorphous alloy ribbon is selected as raw
material to prepare coating, there is no powder densification
during the coating forming process, which results in the
simplification of coating forming process. The quality of

coating can be controlled.

b) Joule heat act as inner heat source. The maximum heat is
generated at the interface. With the combined action of
pressure, the metallurgical joint could be achieved at lower

temperature, and stratification could be avoided.

During the ECS process, the amorphous alloy ribbons didn’t
melt, little oxidation would occur.

d) With the combined action of pressure, the ECS technology
shows high usage rate of material and heat.

Experimental

The as-cast Fe_,Si B, , amorphous alloy ribbons with a thickness
of 25+2um was used in this study to fabricate the Fe based coatings.
The normalized 45# steel ring specimen with the dimensions of
@168 mm x (150 mm x 50 mm was selected as the substrate. The
novel technology named electrical contact strengthening (ECS) was
used to fabricate the coating on the substrate. Here, the electric
current of 20kA, contact pressure of 2.0 kN, rotating speed of 0.5
r/min, electrode speed of 0.2 mm/min were employed to prepared
coating in this study. The microstructure was examined by field
emission scanning electron microscopy (FESEM) with energy
dispersive spectroscopy (EDS). The phases were identified by X-ray
diffraction (XRD). The hardness was measured by HXS-1000A
type hardness tester. The wear test was carried out according to
standard ASTM G77 [18-25].
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Results and Discussion
Microstructure and phase constitution

Figure 2a presents the X-ray diffraction patterns of Fe-based
amorphous alloy ribbons and the fabricated coating (Fe-AMC).
The XRD pattern of alloy ribbons show a broad diffraction halo,
suggesting a typical amorphous structure, while the XRD pattern
of coating exhibit several crystalline diffraction peak which are
shown to be a-Fe (Si) solid solution, Fe,B. The volume percent of
amorphous phase in the coatings was calculated up to 70% by
Pseudo-Voigt function fitting with the method of Verdon, meaning
the coating mainly consisted of amorphous structure. alloy
coating. It can be seen that the interface between the coating and
substrate is not clear. From the SEM-EDS mappings of Fe and Si
elements (Figure 2c-d). It can be confirmed that the thickness of
the coating is about 25 um approximately, which is consist with the
raw amorphous alloy ribbon. From the EDS line scanning (Figure
2b). It also can be found that a distinct transition zone at interfaces
between coating and substrate, which wide is about 10um. From
the cross-sectional morphology, it can be seen that the coating is
well bonded on the substrate without no obvious cracks or pores.
The metallurgical joint and dense structure of coating fabricated
by ECS is well different from that prepared by thermal spray and
cladding techniques which is attribute to the distinctive character
-rapid heating and pressure coupling effect. Meanwhile, with the
coupling work of the pressure, the Fe-base alloy ribbons become
rapidly soft or local melting, and the atoms diffuse quickly through
the interface. Little nano-a-Fe (Si), Fe,B phase would precipitate in
the amorphous alloy matrix [26-30].

Hardness and wear resistance

The hardness of substrate (45#) and Fe-AMC is shown in Figure
3a. It can be seen that the average hardness of the coatings is about
974HV, which is significantly higher than 230HV of the substrate.
The ultra-hardness of the Fe-based amorphous alloy coating comes
from the maintain of the amorphous phase and the distribution
of nanoscale Fe,B and a-Fe (Si). The worn rate of the sample 45#
is 102 mg, while the worn rate of sample Fe-AMC is 31mg which
is less than that for the 45# steel samples. The worn surfaces of
samples 45# and sample Fe-AMC are shown in Figure 3(b-c). There
are many pits on the worn surfaces of samples 45#. The surface
failure subjected to the alternative shearing force and compressive
stress, causing plastic deformation, fatigue crack and local peeling
on the surface. Besides, there are little pit on the worn surface of
sample Fe-AMC. It could be induced that the wear mode of Fe-based
amorphous alloy coating has changed. It is attributed to the higher
hardness of the coating, uniform distribution of the nano a-Fe (Si)
phase and FeB, particles in the coatings and high coating bond
strength [31-33].

Conclusion

The Fe-based amorphous alloy coating could be fabricated by
electric contact strength technology without any porosity or cracks.
The thickness of coating with a high amorphous content is about

25mm. The volume fraction of amorphous phase in coating could
be 70% approximately. The interface between substrate and Fe-
based amorphous alloy ribbons is metallurgical joint. The hardness
of coating up to 974HV, which increased by 322% as compared
with the substrate. At the same wear condition, the wear rate of
the coating is 31mg, which decreased by 71% compared with the
substrate.
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