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Fe—Si composite layers on a steel substrate were prepared by codeposition of silicon powders 
with electrolytically deposited iron. The composite layers were thermally treated at 800 °C for 
2 h and 4 h. It was found that microhardness and high temperatures oxidation resistance of the 
Fe—Si thermally treated composite layers are remarkably higher than those of steel substrate used. 
Microhardness of the composite layers has achieved up to 1000 N mm" 2 . 

Composite coatings consisting of a meted matrix 
with dispersed fine particles or fibres made of different 
materials have been studied extensively [1—7]. The 
purpose of a composite coating deposited on a metal 
substrate is to obtain a surface having various de­
sired properties, such as wear resistance, high temper­
ature corrosion protection, oxidation resistance, self-
lubrication, etc. When the dispersed metallic or metal­
loid particles react at elevated temperatures with the 
metal matrix or with the metal substrate, formation of 
alloys and intermetallic compounds is observed. These 
layers might have properties different from those pre­
pared without the heat treatment. 

In this paper preparation of composite coatings 
made of electrodeposited iron matrix and dispersed 
silicon particles is described. The influence of thermal 
treatment on hardness of the composite layers is dis­
cussed. The main aim was to obtain layers with higher 
hardness and high temperature oxidation resistance in 
comparison with the basic steel substrate. 

E X P E R I M E N T A L 

The iron matrix was prepared from sulfate elec­
trolyte having composition: p(FeS04 • 7 H 20) = 400 g 
dm"3 , p(NaCl) = 70 g dm"3 , p(NaBF4) = 20 g dm"3 . 
2 cm3 of glycerol were also added. pH of the electrolyte 
ranged from 2.0 to 2.5 and it was maintained by sulfu­
ric acid. The content of silicon particles in the suspen­
sion ranged from 10 g dm"3 to 110 g d m - 3 . Silicon 
powder consisted of particles with diameter less than 
10 /im (25 % of the mixture) and agglomerates with 
diameter less than 50 /im (75 %). 

In some experiments silicon particles ground to­
gether with iron powder were used. It was expected 
that the surface silicon particles would be enriched in 
iron [8, 9] (preparation of these particles was made 
at the Institute of Material Research SAS, Košice). Si 

powder was kept in suspension by a magnetic stirrer 
or in the case of magnetic pcirticles by a single-impeller 
agitator. 

The experimentell electrolytic cell consisted of a 
cylindrical glass cell (diameter 70 mm, height 90 mm) 
with the volume of electrolyte 250 cm3. The temper­
ature of the electrolyte was kept constant (70 ± 1)°C 
using an ultrathermostat. The composite layer was de­
posited on mild steel base of dimensions (Z x h x t) 25 
mm x 15 mm x 0.70 mm placed in the cell. The anode 
250 mm x 70 mm x 0.70 mm was made of the same 
material as the cathode. It was placed in the protec­
tion cotton bag. The cathodic current density was 3 
A d m - 2 and time of the electrodeposition was 60 min. 
These parameters and the rate of stirring were opti­
mized in order to obtain the desired content of silicon 
in the composite layer [10—12]. The thickness of ob­
tained composite layer was around 100 /xm. The con­
tent of silicon in the composite layer was determined 
by X-ray microanalysis (Jeol JXA 840 analyzer). This 
value might be higher than that obtained by the chem­
ical analysis [13]. 

One set of steel samples covered with the compos­
ite Fe—Si layer was heated in an argon atmosphere at 
800 X! or 850 °C for 2 h and 4 h, respectively. Micro­
hardness of the layers was measured by the microhard­
ness tester D 32 (Zeiss, Jena) at five different places 
of the sample. Average values are reported. The adhe­
siveness of the layers to the substrate was estimated 
by bending the sample and by visual observation of 
cracks formation. 

RESULTS A N D DISCUSSION 

In the first sets of experiments the influence of the 
stirring rate of the suspension of silicon particles on 
the content of silicon in the composite layer was inves­
tigated. This dependence is shown in Fig. 1. It can be 
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Fig . 1. Content of the silicon in iron matrix vs. rate of mag­
netic stirring. The concentration of the Si particles in 
suspension: О 10 g d m - 3 , • 110 g d m - 3 . 
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Fig . 3 . Microhardness of thermally treated composite layers us. 
Si concentration in the layer. • 2 h, 800 °C; D 4 h, 
800 °C; О 2 h, 850 °C; • 4 h, 850 °C, pretreated Si. 
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F i g . 2. The content of iron-coated silicon particles and non-
coated silicon particles in the prepared composite lay­
ers, a single-impeller agitator - stirring rate 200 m i n - 1 . 
O Si particles, • Si particles covered with iron. 

seen that there is an optimum rate of stirring at which 
a maximum content of silicon in the electrodeposited 
layer is achieved. This stirring rate depends neither on 
the concentration of particles in the suspension nor on 
treatment of their surface. Optimal stirring rate cor­
responds to the minimum rate of stirring sufficient for 
keeping solid particles in suspension. All results pre­
sented in this paper were obtained at this stirring rate, 
viz. 200 min" 1 . 

In Fig. 2, the content of silicon in the electrode-
posited iron layer is plotted as a function of concen­
tration of silicon particles in the suspension. It can 
be seen that pretreatment of silicon powder by grind­
ing it with iron particles had negative influence on 

the content of silicon in the composite layer. This 
is an opposite result to the one reported by Fellner 
and Cong [14] who covered surface of silicon parti­
cles by electroless nickel. In the cited work the in­
crease of electrical conductivity of particles influenced 
positively concentration of silicon in electrodeposited 
nickel layer. The lower content of pretreated silicon in 
the electrodeposited iron layer observed in this work 
can be explained by rapid dissolution of iron covering 
silicon particles into the electrolyte. The result of this 
reaction are hydrogen bubbles which decrease the ef­
fective contact between the silicon particles and the 
cathode. 

In Fig. 3, the dependence of microhardness of ther­
mally treated composite layers on the content of sili­
con in the layer is shown. These results are compared 
with microhardness of the steel substrate and of ther­
mally untreated composite layers. It can be seen that 
while microhardness HV of the steel substrate equals 
(115 ± 30) N m m " 2 , microhardness of thermally un­
treated composite layers is in the range of (350—600) 
N m m - 2 and microhardness of the thermally treated 
layers achieves up to 1000 N m m " 2 . Microhardness of 
the electrodeposited iron layer was ca. 300 N m m " 2 . 

Microhardness of the layers thermally treated for 
4 h was within the limits of error the same as of those 
treated for 2 h. However, longer thermal treatment 
(4 h) decreased adhesiveness of the composite layer 
to the steel substrate. This might be caused by the 
formation of brittle silicides on the boundary steel 
substrate—composite layer. However, X-ray diffrac­
tion did not give any unambiguous answer to this 
question. No new diffraction lines corresponding to the 
formation of silicides were observed. It might be sug­
gested that under the thermal treatment only solid 
solutions in the system Fe—Si are formed. When the 
layers were thermally treated for 2 h, their adhesive-
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Fig . 4. Surface morphology of layers with­
out thermal treatment. 

F ig . 5. Surface morphology of layers, ther­
mal treatment at 800°C for 2 h. 

F ig . 6. Surface morphology of layers, ther­
mal treatment at 800°C for 4 h. 

ness to steel substrate was very good. Even after frac­
ture of the sample or after cutting steel sheet covered 
with composite layer in 1 mm strips, the thermally 
treated composite layer did not peel off. 

Figs. 4—6 show the influence of heating on the 
surface morphology of the composite layers. It can be 
seen that the thermal treatment makes the surface 
more homogeneous. 

The influence of thermal treatment on the compos­
ite layer can be also seen from the distribution of iron 
and silicon in the cross-section of the sample (Fig. 7) 
made by an X-ray microanalyzer. 

The line profiles of the cross-section of the prepared 

composite coatings before and after thermal treatment 
are presented in Figs. 8 and 9. One can see that Si 
peaks are less sharp and wider in the case of thermal 
treatment. 

C O N C L U S I O N 

It is shown that composite coatings of electrolyti-
cally deposited iron with Si particles improve micro-
hardness of the base steel material. Preparation of 
these composite layers is described. It is shown that 
covering silicon powders by electroless iron decreases 
the content of silicon in composite layers. The ther-
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F i g . 7. Fe and Si mapping on the cross-section of the prepared composite layer. Fe mapping - upper left, Si mapping - lower left, 
cross-section image - upper right, blank - lower right. 

> 

^ 2 •«- o> 

14
 К

 
nt

re
 =

 
dt

h 
=

 

со 8 i 

> 
o *ž 
o w 

6
K

 
re

 =
 6

4 
1 

= 
27

0 

0) S - l 
Ü. о £ 

CO 

о 
CVJ 

T 

Q . 
Ü 

О 

Ю 
"<Г 
C\4 
CN 

T 

Q. 
Ü 

О 

íl 

/1 
I 1 

1 
1 l / \^ /V_ 

I 
Fig . 8. Line profile of the cross-section of the prepared composite layer, before thermal treatment. 
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F i g . 9. Line profile of the cross-section of the prepared composite layer, after thermal treatment. 
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mal t reatment improved adhesiveness of the deposited 
layers to the substrate and increased microhardness of 
prepared composite layers. 
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