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ABSTRACT: The composite material is made up of two distinct materials that have superior characteristics and, they 

do not hold the constituent materials in hand. Composite material are enjoys superior properties of traditional 

materials, such as high temperature and ambient temperature. Performance they touch these materials are influenced 

mainly by the type of materials used and the manufacturing process, the latter having a decisive role in relation to the 

composition of starting similar, so that the same materials used can be obtained qualities much higher depending on the 

process used and the working parameters. 
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1. INTRODUCTION  
 

The composite material is based on 

the union of two or more materials to obtain a 

new material that features the most 

appropriate use. Composite material enjoys 

superior properties of traditional materials, 

such as high temperature and ambient 

temperature; they present high fatigue 

resistance and doesn’t deform plastic, are 

insensitive to the usual working environments 

(air, oil, hydraulic fluids, paints and solvents). 

Important properties of the composites are: 

resistant to abrasion, corrosion and oxidation 

resistance, dimensional stability and 

resistance to fatigue. May apply to such 

materials and thermal treatments that improve 

these properties.  

Thermal treatments by diffusion 

phases that activates causes structural changes 

and increased adhesion layer to the substrate 

layer. Studies in the literature show that if 

NiP electrodeposition on metal stand, heat 

treatments have a particular 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.  

 

 

 

2. TECHNICAL PROCEDURE 
 

The Ni-P/SiC composite materials 

have been obtained Ni-P/SiC about 

electrolytic way from an electrolyte 

composition with a constant phosphorous acid 

(20 g / l) and variable content of silicon 

carbide for 0g / l and 80 g / l and whose thick 

layer varies. These deposits were named:  

P20S80-5μm, P20S80-10μm, P20S80-30μm, 

P20S80-60μm. By these calculations sought 

to influence which plays a thick layer 

deposition hardness on the implementation of 

major tasks to 2kg. The microhardness of 

various deposits was determined using the 

laboratory Shimadzu HMV-2 which was 

loaded with variable tasks 15g, 25g, 50g, 

100g, 200g, 300g, 500g, 1000g, 2000g 

applied perpendicular to the surface layer. In 

a composite material of NixPy at 1900C 

meets a peak optimum hydrogen evolution, 

whatever the type of submission. Between 

300
0
C and 350

0
C precipitates of nickel 

phosphides NixPy, and in the temperature 

range of 400
0
C to produce a coalescence of 

these phosphors and crystal growth. 300
0
C 

and 420
0
C temperatures fall to exothermic 

phenomena occurring structural changes. 

Graphically, the hardness dependence on the 

thickness and deposition load applied on 

P20S0, P20S40, P20S80 samples heat treated 

at 420
0
C is shown in figure from below. 
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Fig.1 The variation of the hardness of the 

deposits on the thickness and the applied load 

 

As these temperatures influence the structure 

and composition of alloys NiP NiP / SiC, they 

will influence tribological and mechanical 

properties of these materials. For these 

deposits for the same thickness of coating 

hardness decreases as the applied load 

increases. For higher loads 1000g and 2000g 

applied, measured hardness decreases 

considerably because in this case the 

measured hardness is not the deposited layer 

hardness but the hardness of a composite 

material consisting of a substrate and 

deposition. 

 
The results obtained from measurements of 

hardness and layer thickness were processed 

with STATISTICA program. The curves 

obtained are shown in t

 
Fig.2 Variation in hardness depending on the 

load applied on P20S0 deposition heat treated  

 

 

 
 

 
 

 
 

 

 

Fig.3 Hardness variation depending on the 

applied load deposition for P20S40 heat 

treated 

 

Evolving curve after filing P20S0 hardness 

thermally treated is given by a logarithmic 

equation and computer implemented hardness 

values are approximately equal to the 

measured hardness; it showed the error of 

99.97%.  

The same procedure is utilized for obtaining 

the curve for P20S80 sample. It is about the 

same logarithmic equation and computer 

implemented hardness values are 

approximately equal to the measured hardness 

also; it showed the error of 99.97%.  

It was observed that for an increased load the 

penetrator diagonals are greater. Tracing these 

curves it is observed that the hardness 

develops in the thickness of the layer and the 

applied load, in other words hardness similar 

to the hardness develops deposits which have 

not incorporated SiC particles. 

For tests carried out with the task of 1000g 

and 2000g load, measured hardness increases 

with thickness. Also, the hardness is the 

hardness measured intrinsic layer, but the 

hardness of a composite material consisting of 

a substrate and a deposit. As in the previous 

case, for loads less than or equal to 100g, 25g 

and 50g tasks, toughness decreases as the load 

Hardness variation 
y = 1.433e3-422.333*log10(x)+eps 
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increases. In this case there is a stabilization 

of the curves for deposits whose thickness is 

greater than 25 µm which may mean that the 

substrate does not influence the deposition 

and then the hardness measured is even 

hardness deposit, being between 600S 650 

HV, so hardness deposits that have embedded 

SiC particles is greater than the hardness 

deposits that have not incorporated SiC 

particles and whose value has stabilized 

around 550 HV.  

 

 

 

 

 

 

 

 

 
 

Fig.4 Hardness variation depending on the 

applied load deposition for P20S40 heat 

treated 

 

There are many types of models for studying 

the hardness of the NiP-SiC layers. One of the 

theoretical model (Hays, Kendall) attempts to 

reconcile the effect of dependency load of 

hardness (DSM), penetrant, the law Kick (F = 

K d2), admitting that the hardness measured 

must be independent of the applied load 

indenter. The basic idea for determining a 

micro hardness intrinsic a layer is to use in it 

only that component of the total force F to 

press the indenter abiding Kick (F2 = AD2, 

the force is dependent on the square diagonal 

footprint), law which implies that the micro 

hardness is constant for a given substance. 

According to the model Hays, Kendall, Kick's 

law every pregnancy is valid if it is 

considered effective force which produce 

plastic deformation (denoted F2) is less than 

the force applied to the nominal amount Kick 

W. So the law should be amended by 

introducing a free-term relationship quadratic 

correlation between F and d2 primary 

quantities measured in micro-hardness 

penetration testing (F = W + K d2), where W 

is the yield strength of the material and the 

force required to initiate plastic deformation 

of the material. Then the model Hays, 

Kendall, force F2 is expressed by the 

relationship F2 = W = F-Kd2. In the case 

where W and K are constants, it is clear that 

the graphic representation F = f (d2) is a 

straight line. Since the free term (W) is a 

component of the applied force F does not 

contribute to plastic deformation, it remains 

the only force F2 = F -W to produce plastic 

deformation to achieve footprint. Since the 

value of F2 is not known, using the 

representation of F =f(d2). In this 

representation is noted that experimental data 

are arranged in a straight line only if it admits 

a free term, namely F = W + K d2, where K is 

the slope and W is originally ordered.  

To illustrate better the dependence of the 

tasks and the thickness layers applied was 

used a statistical programme presenting the 

plan and developments in space. Therefore, 

the measured values of microhardnesses were 

processed with the STATISTICS, obtaining 

variations from the following figures. 

 

 
Fig.5 The diagram for P20S40 with Kendall 

Hays model at 190
0
C 

 

The correlation coefficient r2 values exceed 

in all cases the value of 0.99%, which 

demonstrates a good application model for 

deposits Kendall Hays-annealed at 190
0
C. 

This evolution can be seen on P20S80 

sample; equation that gives the characteristic 

curve of hardness compared to the applied 

load and the error once a logarithmic equation 

is 99,34% like we see from above [6].  

 
y = 589.546-159.124*log10(x)+eps 

 
Applied load[g] 

Hardness [Hv] 



Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 4/2016 

 

193 

 

 
Fig.6 This diagram model for P20S40  

with Kendall Hays model at 420
0
C 

 
By applying Hays, Kendall model, the 

correlation coefficient r2 is 0,99% in all 

samples, indicating a good applicability. 

Checking relationship Hays-Kendall is 

evidence that micro-hardness measurements 

were performed correctly or measuring 

conditions have been properly met. 
 

3. CONCLUSIONS 
 

The mechanical properties of layers studied in 

this chapter allow both scientific interest 

reflecting the effects of process variables on 

the composition and structure of layers and 

practical interest reflecting layers of 

tribological properties. 

In this chapter the experimental trials were 

conducted with Vickers micro hardness and 

methods nano-scratching. Research has two 

goals: 

1). Given the sensitivity of the hardness of the 

chemical composition and structure of the 

material, the primary goal of the experimental 

determinations in this chapter was to track the 

effects of changing the composition and 

structure of layers by changing the 

phosphorus content of the solid solution Ni-P 

by changing the matrix structure due 

precipitation of the compound of Ni3P 

induced by the application of heat treatment 

and finally, in the metal matrix by introducing 

varying amounts of hard ceramic particles of 

SiC compound. 

2). The second purpose was to check their 

own experimental measurements various 

theoretical models regarding the influence of 

the substrate layer hardness. 

Studying these figures we observe that 

hardnesses graphics obtained by experimental 

(blue line), are similar to the graphics 

obtained through the implementation of the 

programme STATISTICS, correlated factors 

in all cases are greater than 99%. This 

demonstrates that microhardness metrics have 

been properly conducted, and the average 

value represents the hardness of the Ni-P/SiC 

composite material 

The rapid development of areas such as 

construction of spacecraft, engines with 

outstanding performance, processes that take 

place under conditions of high temperature 

and pressure or corrosive environments etc. 

involving the use of new materials such NiP-

SiC with superior qualities or improving 

existing materials properties. 
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