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ABSTRACT 

The Fe-based coating was produced on the surface of the column substrate with a Al2O3 cylindrical sleeve by high fre- 
quency induction cladding, microstructure of the coating was investigated with scanning electron microscope (SEM), 
the crystal structure was characterized by X-ray diffractometer (XRD), the microhardness and wear resisitance of the 
coating were evaluated. The results show that a metallurgical bond between coating and substrate was obtained during 
the rapid solidification, the phases of the coating were composed of austenite and the eutectic of γ-Fe + (Cr, Fe)7(C, B)3. 
Compared with the substrate, the microhardness and wear resistance of the coating improved apparently, solid-solution 
strengthening and second-phase particle hardening led to these results. 
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1. Introduction 

Wear of machinery components is one of the most com-
mon problems in engineering application [1]. Surface 
coating is usually used to increase the wear resistance of 
the wear components. There are many surface coating 
techniques, such as thermal spraying, bead welding, 
plasma spraying, laser cladding, chemical and physical 
vapor deposition processes [2-4]. Due to the advantages 
in high heating efficiency, rapid heating speed, good con-
trolability, easy mechanization and automation, high 
frequency induction heating as a developing technique 
has been applied more and more widely in surface coat-
ing. Most of researches on high frequency induction 
cladding focused on the planar workpiece, but few stud-
ies on the cylinder, cone and other rotational parts were 
reported. 

In this paper, Al2O3 cylindrical sleeves were coordi- 
nated to produce the Fe-based coating on column surface 
by high frequency induction cladding, the microstructure 
and crystal structure of the coating were characterized, 
microhardness and wear resisitance were also investi- 
gated. 

2. Experimental Procedure 

A low carbon steel was used as the substrate material. 
Column with a dimension of Ø36 mm × 40 mm was ma- 

chined on a C6140 lathe. Fe-based alloy powder was 
used as the coating material, the chemical composition of 
Fe-based alloy powder is shown in Table 1. The size of 
the particles ranged from 58 to 150 µm. 

The high frequency induction heating equipment 
(SGD-60B) was adopted as the experimental apparatus, 
the surface cladding processing parameters were de- 
scribed as follows: maximum power output: 60 kW; out- 
put oscillation frequency: 50 - 150 kHz; heating electric 
current: 10 - 70 A; pressure of cooling water: ≥0.2Mpa; 
turns of induction copper coil: 3; diameter of induction 
coil: 50 mm; spacing of induction coils: 5 mm. Figure 1 
shows a schematic profile of high frequency induction 
cladding sample with a Al2O3 cylindrical sleeve on col- 
umn surface. The Al2O3 cylindrical sleeve equiped with 
silicate bonded sand bottom block should be preheated 
for 1.5 h at 300˚C and another 1.5 h at 600˚C. During the 
cladding, the assembled sample was put into the induc- 
tion coil in vertical and kept heating for 40s, then taken 
out of the coil. 

The analysis specimens were taken from the transverse 
intersection along the vertical direction of column sur-  
 

Table 1. Chemical composition of Fe-based alloy. 

Elements C Cr Ni B Si Fe 

Content (wt%) 3.5 - 4.5 28 - 32 8 - 12 1 - 2 1.5 - 3 Balance
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Figure 1. Schematic profile of the assembled sample. 
 
face. The metallographic specimens were grinded with 
silicon carbide emery paper of 100 - 800 grit size, pol- 
ished with diamond paste by an automatic polishing ma- 
chine and etched with 4% nital. The microstructure of the 
coating was observed by a scanning electron microscope 
(SEM, Quanta-2000), the phases were identified by 
X-ray diffraction (XRD, Philips x’pert Pro). Microhard- 
ness was measured using a HX-1000 TM/LCD Vickers 
hardness tester with 300 N load for 15 s. The wear resis- 
tance of the coating was evaluated on ML-100 rotary 
abrasive machine, the wear tests were operated under 15 
N load and rotational speed of 60r/min, the mass of the 
specimens was measured by a precise electronic balance 
in accuracy of 0.1 mg. 

3. Results and Discussion 

3.1. Microstructure 

The SEM micrographs of the coating are shown in Fig- 
ure 2. It can be seen that the thickness of the coating is 
about 2.5 mm, and the coating is fully dense and uniform 
(Figure 2(a)). High frequency induction cladding is a 
process of rapid heating and rapid solidification [5]. The 
protection of the Al2O3 cylindrical sleeve and the rapid 
solidification result in the minimal oxidation of the coat- 
ing. Figure 2(b) shows that the structure of the coating 
grows towards an explicit direction, this is because in- 
tensive eddy emerges in the interface where elctromag- 
netic properties differ a lot, leading to the highest tem- 
perature at the interface. With the effect of heat transfer 
direction, dendrite crystallization grows along the direc- 
tion of outside surface. There is a white band between the 
coating and the substrate (Figure 2(c)), the band results 
from the diffusion between the coating and substrate, 
which illustrates that an excellent metallurgical bond is 
attained. During solidification, the planar crystallization 
can be observed at the interface, with the increasing of 
the distance from the bottom of the coating, the micro- 
structure changed into dendrite with eutectic structure 
(Figure 2(c)). 

Figure 3(a) shows the XRD pattern of the coating, it 
can be seen that the main phases are austenite γ-Fe and 

(Cr,Fe)7(C,B)3 [6]. And in the big block area there is the 
precipitation of austenite γ-Fe, which is a non-equilibrium 
solid solution with supersaturated alloyed elements like 
Cr, Si, Ni, B and C, and the other area is the eutectic of 
γ-Fe and carboborides (Figure 3(b)). 
 

 

Substrate Coating 

2.0mm

 
(a) 

 

200µm 

Substrate 

Coating 

 
(b) 

 

20µm 

Coating Substrate 

 
(c) 

Figure 2. (a) SEM image showing the overview transverse 
specimen; (b) SEM image with the interface (200×); (c) 
SEM image with the interface (1000×). 
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Figure 3. (a) XRD patterns of the Fe-based coating; (b) 
Locations of the main phase constituents. 

3.2. Microhardness and Wear Resistance 

Figure 4 displays a microhardness profile of Fe-based 
coating. It can be seen that the microhardness of the 
coating keeps nearly stable, the microhardness of the 
substrate is about HV0.3275 - 320, while the average 
microhardness of the coating reaches up to HV0.3980.4, 
which is about three times as much as the substrate. We 
can clearly see that there are kinds of alloy elements in 
the alloy powder, and the high microhardness of the 
coating stems from hard phases formed in the process of 
melting and solidification, such as carbides, borides and 
carboborides. Moreover, it is mentionable that micro- 
hardness near the interface in the coating is higher than 
other spots, it may because that this area keeps melting 
for a longer time which leads solid-solution strengthening 
of the austenite and the eutectic carbides. It was reported  

 

Figure 4. Microhardness profile of Fe-based composite coat- 
ing. 
 
that the hardness of both matrix and carbide phases 
determines the hardness of the coating [7]. The high 
microhardness of the coating is ensured by solid-solution 
strengthening and second-phase particle hardening. 

The wear mass loss of the coating was 0.0872 g and 
that of the substrate was 0.2048 g in wear test. The wear 
resistance of Fe-based coating increases by 135% com- 
pared with the substrate, which shows the Fe-based 
coating has excellent wear resistance. The wear resis- 
tance improves generally with increasing hardness [8]. 
So the improvement in wear resistance may be closely 
related to the high hardness of coating. It can be con- 
cluded that the significant improvement of wear resis- 
tance is ascribed to solid-solution strengthening and sec- 
ond-phase particle hardening. 

Compared with other surface coating technologies, 
using high frequency induction cladding with a Al2O3 
cylindrical sleeve to produce a coating on the surface of 
column substrate can get the metallurgical bond between 
substrate and coating. The heat-affected depth of the 
substrate is smaller and the processing efficiency is 
higher. Moreover, the coating materials are variable ac- 
cording to different conditions of the workpiece, such as 
wear-resistant coatings and corrosion-resistance coatings. 

4. Conclusions 

A Fe-based coating has been successfully produced on 
column surface by means of high frequency induction 
cladding with a Al2O3 cylindrical sleeve, the coating is 
fully dense and uniform, and has an excellent metallur- 
gical bond with the substrate. The coating crystallization 
grows along the direction of outside surface from the 
interface, the results of XRD analysis show that the main 
phases of the coating are austenite γ-Fe and eutectic car- 
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bide (Cr, Fe)7(C, B)3. The average microhardness of the 
coating reaches up to HV0.3980.4, which is about three 
times as much as the substrate. The wear resistance of 
Fe-based coating increases by 135% compared with the 
substrate, which should be due to solid-solution strength- 
ening and second-phase particle hardening. 

The technology of high frequency induction cladding 
can be used to produce an excellent coating on the sur- 
face of column, cone and other rotational parts, and will 
get more extensive application in engineering. 
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