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ABSTRACT: Composite materials due to performance that can be achieved, have a great use in all fields, from 
automotive and aerospace, nuclear industry and food. Due to multiple areas of application, aimed to improve the 
properties of composites, one way to increase the mechanical properties of composite deposits consists of applying heat 
treatments. Heat treatment applied to composite materials by diffusion phases that activates causes structural changes 
by removing hydrogen layer and increase adhesion. 
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1. INTRODUCTION  
  
Over time the metallic materials used in the 
technique have evolved.   Developing 
deposits was driven by scientific and 
technical progress which involves obtaining 
materials with special properties that can not 
be produced by other processes or creating 
special surface properties for common 
materials. Thus, although composites layers 
are known from antiquity their properties 
were improved so that, today are used in 
different fields such as construction, 
automotive, electronics, aerospace, medical 
and dental etc. One way to obtain good wear 
resistance and corrosion consists of the 
application of the heat treatment. Thus, for a 
composite layer of Ni-P alloy with inclusions 
of hard particles SiC, applying heat treatment 
produces changes in the structure and 
adhesion, increased hardness in layers.  
The heat treatment at 190 0C produced the 
desorption of the hydrogen incorporated in 
the coating during the electroplating process 
as a result of the proton reduction at the 
cathode. Such dehydrogenation heat treatment 
are frequently applied in there is a risk of 
hydrogen embrittlement in electroplated 
coatings.  
The heat treatment at 4200C produces in the 
coatings structure the precipitation hardening 
phase transformation. The first exothermic 
peak is around 3000C and indicates the 

incipient precipitation of metastable NixPy 
compounds and the second peak indicates the 
coalescence of equilibrium Ni3P phosphide. 
 
2. EXPERIMENTAL RESULTS 
  
Experimental studies have been made on a 
composite layer of Ni-P/SiC obtained 
electrolytically, by varying the composition of 
the electrolyte [1]. 
The composite layer so obtained was treated 
at 1900C, 3000C and 4200C. 
A thermal treatment through phases of 
diffusion causes structural changes in the 
active layer and increase adhesion to the 
substrate.  
Studies in the literature show that if NiP 
electrodeposition on metal stand, heat 
treatments have a significant influence on the 
composition layer by removing hydrogen, the 
structure and the adhesion. NiP alloys are 
thermodynamically unstable and changes that 
occur during the thermal stresses are 
dependent on the phosphorus content. 
The 1900C, is an optimal peak hydrogen 
evolution, whatever the type of deposit  
Between 3000C, and 3500C, to produce NixPy 
precipitation of nickel phosphide, and in the 
temperature range of 4000C, to produce the 
coalescence and growth of these crystalline 
phosphors. Temperatures of 3000C and 4200C 
fall exothermic phenomena for which 
structural changes occur. [2,3] 
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Layer Ni–P/SiC composite will be treated at 
3000C. After heat treatment were made 
Vickers microhardness tests.After applying 
heat treatments were made Vickers 
microhardness tests. Because of the small 
thickness of the coatings was in range of few 
tens micrometers, the hardness was 
characterized by a micro hardness indentation 
method. 
After applying heat treatments were made 
Vickers microhardness tests. Loads applied to 
the microhardness tests were of different sizes 
between 15 g and 300 g. 
Dependence of the applied load, hardness and 
heat treatment of 3000C indicates that the 
resulting curves have the same shape as the 
variation in hardness in the case of samples 
without heat treatment or samples treated at 
1900C and 4200C. 
Drawing diagrams for these variations is 
observed that hardness evolves according to 
the heat treatment (Fig. 1) 
Analyzing Fig. 1 it is observed that the 
hardness ranges for all four deposits in the 
same way, moving three areas. The hardness 
of the coatings increases with the heat 
treatment. The highest hardness has layers 
treated at 4200C.  For loads of 300 g hardness 

of layers increase at the application of heat 
treatments of 3000C and 4200C.   
The treatment of 1900C increases the hardness 
of the first period (up to 5 gl phosphorous 
acid), and then decreases for the following 
contents of phosphorous acid. 
Indeed the mere introduction of P in the Ni 
based supersaturated solid solution (non-heat 
treated condition) result in a noticeable 
increase in hardness but only up to a certain 
amount of phosphorus, above which the true 
hardness seems to remain constant. On the 
contrary in heat treated condition the true 
hardness are far higher and more dependent 
on the P content in the coating.  
Both series of coatings have been given a 
precipitation hardening heat treatment at 420 
0C in view of strengthening the Ni matrix by 
precipitated submicron particles consisting in 
nickel phosphides. The temperature of heat 
treatment has been selected in agreement with 
the position of exothermic peaks on the 
differential scanning calorimetric spectra as 
reported in [2,3].  
 
  
 

 
 

Fig 1.The variation of hardness depending on the H3PO3 content and heat treatment (15 g) 
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Fig 2.The variation of hardness depending on the H3PO3 content and load (300 g) 
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3. CONCLUSION 
 
Thermal treatments through phases of 
diffusion cause structural changes in the 
active layer and increase adhesion to the 
substrate.  
The heat treatment at 190 0C produced the 
desorption of the hydrogen incorporated in 
the coating during the electroplating process 
as a result of the proton reduction at the 
cathode. Such dehydrogenation heat treatment 
are frequently applied in there is a risk of 
hydrogen embrittlement in electroplated 
coatings.  
The heat treatment at 420 0C produces in the 
coatings structure the precipitation hardening 
phase transformation. The first exotermic 
peak is around 3000C and indicates the 
incipient precipitation of metastable NixPy 
compounds and the second peak indicates the 

coalescence of equilibrium Ni3P phosphide. 
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