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Abstract: The study shows some test results about siliconized biphasic tin
bronzes. The siliconizing thermochemical treatment has been done in sealed
boxes, in a powdery medium with paste. Depending on treatment parameters,
different thickness and chemical composition diffusion layers have been
obtained. After the microstructural investigations using scanning electronic
microscopy and electron probe microanalysis, the Si and Sn atoms diffusion
mechanism and the correlation between microstructure of the diffusion layer
and properties of siliconized bronzes were established.
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1. Introduction

The siliconizing thermo-chemical treatment
aims at obtaining diffusion layers enriched
in silicon for pieces surfaces in order to
improve the corrosion resistance.

The special alloyed bronzes with Si,
besides the high mechanical properties,
show a very good corrosion resistance in
different acids, alkali, seawater etc. Some
examples of such components are: gears,
bushings, plain bearing etc.

The main of thermo-chemical treatment
siliconizing appliance for Cu-Sn alloys is
to obtain same structure components in
diffusion layer with higher mechanical
characteristics and a better wear and
corrosion resistance.

The paper presents the correlation between
the parameters of treatment and the structure
and properties of diffusion layer.

The obtained structures in the layer are
composed of a Cu-Si-Sn solid solution
mixed whit other chemical compounds,

including Cu,Si, Cu;Si, CusSi, SnsCug etc.
which enable to enhance the mechanical
properties of the treated samples [1].

2. Experimental Details

The experimental tests were done at
different temperatures, namely 600 °C, 650 °C
and 700 °C, during 4 hours. The siliconizing
process has been produced in sealed boxes,
in a pulverous environment with paste [2].

To carry out the experimental tests, these
prismatic samples (10x10x12 mm) were
utilized, made of Cu-Sn14 STAS 197/1-80.
The active paste has been obtained at
ferro-silicon (with 73% Si, having a
granulation smaller than 0.2 mm), with
soda water glass. The activating agent
employed was ammonium chloride. The
experimental tests were carried out in a
furnace.

Biphasic bronzes have within their structure
a solid solution o and eutectic (0+0) [4].
The o phase is a solid solution of tin
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substitution in Cu in a face centered cubic
lattice. The & phase from eutectic is an
electronic compound (Cus;Sng) presenting
a high hardness.

From Cu-Si diagram [4] on can observe
that Cu dissolves Si up to a concentration
of 11...12 at%, forming a substitution solid
solution, in a face centered cubic lattice.

After the thermo-chemical treatment at
different temperatures, the diffusion layers
were checked in some micro sections that
have been created in order to carry out the

observation by optical microscopy and
electron probe microanalysis [3]. Also, the
micro hardness of constituents was
measured.

3. Results and Discussion

Figures 1 and 2 show the repartition of
elements (SiK, SnL and CuK) in two points.

The electron probe microanalysis results
for every analyzed point for the siliconized
samples are presented in Table 1.

kv:25.0  Tilt:0.0 Take-off:35.0 Det Type:SUTW+ Res:139 Tc:40
FS: 6260 Lsec: 96
CuK
SiK SsnL
0.80 1.80 270 3.60 4.50 5.40 6.30 7.20 8.10 9.00
EDAX ZAF Quantification (Standardless)
Element Normalized
Element Wt % At %
sik 3.59 7.90
snL 3.80 1.98
Cuk 92.61 90.12
Total 100.00 100.00

Fig. 1. The microanalysis results for siliconizing at 650 °C

The electron probe microanalysis results Table 1
Temperature EL Distance from margin to core [mm]
At % 0 0.05 0.1 0.15 02 025] 03 [035] 04 | 045 | 05
SiK | 10.54 | 9.57 6.68 1.37 0.77 - - - - - -
600 °C SnL | 092 1.26 4.94 7.10 7.40 - - - - - -
CuK | 88.54 | 89.17 | 88.38 | 91.53 | 91.83 - - - - - -
SiK | 8.50 7.90 7.79 8.04 6.60 | 593 | 487 | 467 | 412 | 2.30 -
650 °C SnL 1.94 1.98 1.99 241 277 | 273|346 | 392 | 417 | 8.14 -
CuK | 89.56 | 90.12 | 90.22 | 89.55 | 90.63 | 91.3 | 91.6 | 914 | 91.7 | 89.5 -
SiK | 467 4.61 4.56 491 435 | 422|450 | 416 | 365 | 287 | 1.42
700 °C SnL | 3.66 3.50 3.80 3.83 407 | 445|509 | 552 | 641 | 709 | 7.56
CuK | 91.69 | 91.89 | 91.64 | 91.26 | 91.56 | 91.3 | 904 | 90.3 | 89.9 | 90.0 | 91.0
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Fig. 2. Microanalysis results for siliconizing at 700 °C

The repartition of Si in diffusion layers at
different siliconized temperatures is presented
in Figure 3. One can observe that the
treatment temperature has great influence

20

over the thickness and the Si concentration
of the siliconized layer. Within the 600 °C
(Table 1), it is possible to obtain a diffusion
layer of which content of Si should approach
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the silicon solubility limit in a copper
(11...12 at % Si). At 700 °C the thickness
of diffusion layer growth, but the Si
concentration decreases.

The Si concentration influences the
hardness of layer (Figure 4). At 600 °C
the micro hardness is within the interval
274...188 uHV. At 700 °C, the silicon
concentration in layer is smallest and the
micro hardness is within the interval
157...135 pHV.

4. Conclusion

By siliconizing, the treatment parameters
have a great influence on properties of
diffusion layers. It is adequate to choose
the temperature which assures the highest
concentration of Si in diffusion layer (600 °C).
The high concentration of Si ensures also
high hardness (274...188 pHV) what
improve the wear resistance of siliconized
pieces.
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