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Abstract 
TiCN nanopowder deposited by an appropriate way on aluminum and aluminum alloys surface substrate is 
incorporated in the matrix using scanning electron beam. The samples are investigated by means of light microscopy, 
SEM, and EDX. The microhardness of all of them is determined. It is found out that uniform and dense coating with 7-
30 µm thickness, well adherent to the substrate, is formed. In case of aluminum alloys, the microhardness of the 
modified zone is up to 2.4 times higher than the matrixes one. After the alloying pure aluminum with TiCN the 
measured microhardness is about 19 times higher than aluminum matrix. 
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INTRODUCTION 

In the several recent years, nano-sized 
powders of refractory compounds are used for 
refining and modifying microstructure as well 
as for improving mechanical properties of 
metals and alloys. They are introduced in the 
melt by the appropriate way, homogenously 
distributed, wetted and absorbed by it.     

The nanoparticles influence both 
microstructure formation and properties of the 
solidified metal. They are used in metal 
casting [1-4], welding [5-9] and surface 
alloying [10-15].  

The aim of the present work is to introduce 
TiCN nanoparticles in aluminum and 
aluminum alloy substrate by scanning electron 
beam and to study the surface microstructure 
changes. 
 

EXPOSITION 
Materials and methods 

We chose the refractory TiCN powder 
as a coating material component due to its 
excellent properties such as high melting 
point, extreme hardness, and high thermal 
conductivity [16]. The mean particle size is 
40±5 nm and the C: N ratio is 1:1. 

The aluminum used as a substrate is of 
technical purity – 99.5% Al and 0.5% other 
elements.  

Two metallographic samples are wet 
ground to grinding paper 1200, cleaned with 
ethyl alcohol and dried. Then one of them (Nr 
1) is smeared with a mixture of three drops 
CHCl3, dissolved plastic rasping and TiCN 
nano powder for obtaining a film with 
concentration 0.03mg/mm2 TiCN. The 
obtained film is uniform and well adherent to 
the aluminum substrate after drying. The as-
prepared samples are subjected to an electron-
beam treatment in installation type 
ESW300/60-15 (“Leybold – Heraeus”) – fig.1. 
The electron beam scanning motion is circular 
rotating on the surface of the aluminum 
specimen which moves in a straight line. In 
this way a liquid pool is maintained for a long 
time, the melt is well stirred and the 
nanoparticles are mixed with the molten metal. 
As a result of the interaction of electron beam 
with TiCN nanoparticles film is created a 
coating on the surface of the aluminum 
specimen.  
The parameters of treatment process are shown 
in table 1. 
  
 

  2017 



International Scientific Conference “UNITECH 2017” – Gabrovo III-434 

 

Fig. 1. Scheme of electron beam treatment 

 
Table 1. Parameters of electron beam treatment 
process of Al samples 
Nr of 

sample 
Ib 

[mA] 
v 

[cm/s] 
f 

[kHz] 
U 

[kV] 
If 

[mA] 
P [kW] 

0 18 0.5 0.2 52 472 0.936 
1 25 5 10 52 472 1.3 

 
After electron beam treatment the 

metallographic samples are cut perpendicularly 
to the trace of the electron beam, wet ground 
on silicon carbide grinding paper Nr 1200 and 
4000, and then electrolytic polished and etched 
by electropolishing device Lectropol (Struers) 
using the following electrolyte: 575 ml methyl 
alcohol, 25 ml HClO4, 10 ml HNO3. The 
observations are performed by means of 
metallographic microscope PolyvarMet with 
magnifications up to 1000x. The HV 
microhardness is measured by device 
MicroDuromat (Reichert-Jung) with a load of 
20g, time for reaching the load 10s and 
holding time 10s. The SEM investigations are 
carried out with SEM/FIB LYRAI XMU, 
TESCAN, equipped with an EDX detector 
(Quantax 200, Brucker).  

Metallographic samples of AlSi12Cu2NiMg 
alloy are wet ground to grinding paper 1200. 
Then one of them (Nr B1) is smearеd with a 
mixture of three drops CHCl3, plastic rasping 
and TiCN powder for obtaining a film with 
concentration 0.015 mg/mm2 TiCN. The 
obtained film is uniform and well adherent to 
the substrate. The as-prepared samples are 
subjected to electron-beam treatment. The 
circular unwinding d=5,8 divisions. The 
electron beam treatment conditions are given 
in table 2. 

 

Table 2. Parameters of electron beam 
treatment process of AlSi12Cu2NiMg samples 
Nr of 

sample 
Ib 

[mA] 
v 

[cm/s] 
f 

[kHz] 
U 

[kv] 
If 

[mA] 
P 

[kW] 
B0 18 0.5 10 52 472 0.936 
B1 25 3 1 52 472 1.3 

 
After electron beam treatment the 

metallographic samples are wet ground on 
silicon carbide grinding paper 1200 and 4000 
on the perpendicular of the coating cross-
section. Then they are etched with 0.5% water 
solution of HF. The samples are investigated 
by means of light microscopy and the 
microhardness of all of them is determined.  

Results and discussion 

The optical and SEM images of aluminum 
samples are shown in fig. 2. There is a light 
layer well visible on the substrate surface. Its 
thickness reaches 30 µm. The layer’s 
microhardness of the sample without 
nanoparticles on the surface is 4 times higher 
than the substrate’s one. That means the 
electron beam treatment it selves modifies the 
surface structure and forms a hard layer on it. 
The layer of the sample smeared with 
nanoparticles and electron beam treated is 19 
times higher than the substrate’s one and 5 
times higher than the layer without 
nanoparticles. Consequently, the nanoparticles 
strengthen the metal substrate surface and a 
very hard coating is formed. The proof of the 
nanoparticles penetration in the aluminum is 
the presence of Ti in the sample’s surface 
which is registered by EDX detector in fig. 3. 
The TiCN nanoparticles are not only refractory 
and they do not melt in the molten metal, but 
they are very hard and commensurable with 
dislocations and represent obstacles for them. 
While the high hardness in the melted surface 
layer after irradiation with the electron beam 
can be explained by the residual stresses in it, 
the high hardness of the layer with 
incorporated nanoparticles can be explained by 
the reinforcement of the matrix with them. 
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Fig. 2. Optical and SEM microimages of aluminum 

samples: a) sample Nr 0 – irradiated, without 
nanoparticles; b) and c) sample Nr1 - smeared 

with nanoparticles and irradiated 
 

 
a 

 

 
b 

Fig. 3. SEM image and EDS results for aluminum 
sample Nr1 - smeared with nanoparticles and 

irradiated 
 
The results from experiments with 
AlSi12Cu2NiMg samples are shown in fig. 4. 
No modified zone has been formed after 
electron beam treatment in the used conditions 
in a sample without nanoparticles. However, a 
thin modified zone with fine precipitations and 
thickness of about 20 μm has been formed at 
the sample’s surface of the other sample. The 
microhardness of this coating is 2.4 times 
higher than the microhardness of the substrate 
while the microhardness of the sample without 
nanoparticles remains nearly unchangeable 
from the core to the surface – fig. 4 a). 
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b 

Fig. 4. Optical  microimages of AlSi12Cu2NiMg 
samples: a) sample Nr B0 – irradiated, without 
nanoparticles; b) sample Nr B1 - smeared with 

nanoparticles and irradiated 

 
We assume that the precipitates formation is 
initiated by the nanoparticles which are 
dispersed in the surface matrix because of 
grain and phase generating role of the 
nanoparticles during solidification. This 
assumption should be proved in the further 
investigation.   

 
CONCLUSION 

Following conclusions could be drawn from 
the carried out investigation: 

1. The electron beam treatment modifies 
the surface structure of aluminum samples and 
forms layer which is 4 times harder than the 
substrate’s one. This hardness is probably due 
to the residual stresses on the surface as a 
result of the irradiation.  

2. A layer with 19 times higher 
microhardness than the core’s one and 5 times 
higher than the layer without nanoparticles is 
formed on the sample with nanoparticles. That 
means the nanoparticles incorporation 
strengthen the metal substrate surface forming 
a very hard coating. 

3. No modified zone has been formed 
after electron beam treatment in the used 
conditions in a sample of AlSi12Cu2NiMg 
without nanoparticles. The microhardness 
remains nearly unchangeable from the core to 
the surface. 

4. Modified zone with fine precipitations 
and thickness of about 20 μm has been formed 
at the surface of AlSi12Cu2NiMg sample with 

nanoparticles. Its microhardness is 2.4 times 
higher than the microhardness of the substrate.  

5. Assumption that the precipitates 
formation is initiated by the nanoparticles in 
the molten alloy because of their grain and 
phase generating role during solidification is 
made.  
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