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INTRODUCTION This paper aim.ed to realize the §intering of copper-nickel al.loy
to analyze the influence of the independent variable, chemical
composition, of the alloy on the mechanical-metallurgical
properties and analyze the crystalline structure microscopically
to determine the degree (percentage) of porosity of the piece,
using software, influenced by the effect of the independent
variable. Powder Metallurgy (PM) consists of the technique of
transforming metal powders into parts with excellent strength,
without melting, but only using pressure and heat [5-6]. The
P.M. technique differs from the other manufacturing processes
by the absence of the liquid phase or the occurrence of this
stage in only one of the materials involved. Parts with complex
geometries fabricated with the least waste of material since the
part will not require subsequent finishing processes [7-8]. P.M.
is composed of two phases, one of compaction or molding and
the other of heating or sintering [9-10]. Nickel is one of the
most versatile materials in metallurgy and is an essential
alloying element present in many materials such as cast irons,

New properties in the metal alloys have been researched and
are being achieved with the same materials, but with new
compositions, additions of alloying elements, techniques
involving mainly the management of energy and time. To
optimize profitability and compliance with environmental
standards, Powder Metallurgy is at the forefront of most
conventional techniques, such as smelting, when considering
such criteria [1-2]. There is a trend to explore sintered
materials for the manufacture of self-lubricating bearings and
products with complex geometry and good quality finishing.
Elimination of the need for finishing processes such as
machining or polishing. Self-lubricating bearings are a new
trend as oil passes through the pores of the bearing material [3-
4]. By determining the porosity rate of the material, it is
possible to determine the oil flow that will reach the axis.
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steels, and non-ferrous alloys. Also outstanding for its
excellent corrosion resistance. This element is used for the
manufacture of rechargeable batteries, coins, and metallic
coatings [11]. Copper is a non-magnetic metal and can be used
pure or forming alloys with other metals, which gives it
excellent chemical properties. The most important
characteristics of copper are its high electrical conductivity,
good magnetic permeability and its malleability, which makes
this metal the most used in the manufacture of electrical
materials [12]. Cu-Ni alloy has good ductility, good
mechanical and oxidation resistance, excellent thermal
conductivity. Is easily cold-formed and can be processed into
sheets, wires, tubes and bars. It can be welded by most welding
methods [12]. The alloy Cu-Ni (monel) alloy has a
commitment to mechanical strength, ductility and corrosion
resistance particularly in corrosive media such as sea water
[13]. The most common alloy is 30% copper and has the
monel designation. Monel 400 is an alloy more resistant than
nickel under reducing conditions and more than copper under
oxidizing conditions and is mainly free of the phenomenon of
stress corrosion. The equilibrium diagram of the Cu-Ni system
as a function of temperature and composition consists of a
solid (bottom) line and a liquid line, which divide the diagram
into three areas. In the field above the liquid line, all the
compositions exist in the liquid state, while below the solid
line all existing structures are solid. In the area between the
liquid and solid lines, the solid coexists with the liquid [14].
Sintering is the final phase of the process and joins loose
particles and decreases porosity through thermal energy. The
process gives the piece the ideal mechanical strength because
of the strengthening of the contact between the particles,
altering the pore geometry and standardizing the
microstructure [9]. It generally occurs at a temperature below
the melting point of the main constituent element [10]. For
sintered steels with high density and high strength
specifications it is necessary to reach the final stage,
sometimes incompletely, or only until the end of the
intermediate stage [15]. The porosity is a characteristic, which
is most often undesirable because it makes the material more
mechanically fragile, that is, the probability of fractures is
relatively greater to the same material that does not have pores
in its structure [15]. There are many applications for the use of
this feature as metal filters, the manufacture of tools for the
drilling of oil deposits or mining that benefit from porosity
[16]. Particle size is another factor that has a direct influence
on the porosity, together with the irregularity of the article can
cause the porosity to vary significantly maintaining the same
pressure and temperature (Fig. 1) [17].
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Fig. 1. Variation of the porosity of titanium compacts in relation
to the average particle size of the powder used [17]

Another important aspect for the control of porosity is the
compression pressure, as the pressure increases, the voids
decrease proportionally, this is because the particles are forced
to occupy spaces that previously were empty.

MATERIALS AND METHODS

The alloy is composed of Cu-Ni in the form of powder,
obtained through the atomization process and have a
granulometry respectively of 11% of the element with 200
Mesh and 89% of the element with more than 325 Mesh. For
the preparation of the test samples, the mass concentration
varied from 90% Ni and 10% Cu to 90% Cu and 10% Ni in
10%. The samples have a composition granulometry of 11%
with 200 and 89% of the element with more than 325
Mesh.For the samples preparation, the mass concentration
composed of 90% Ni and 10% Cu. The temperature remains at
1000 °C, which is of the order of magnitude lower than the
melting point of Cu-Ni. The time at which the compressed to
thermal energy was 30 minutes. From the images of the SEM
analyzed with that of EDS (Energy Despertive X-ray
Spectroscopy) the surface porosity was measured with the aid
of image manipulation software, ImageJ, which distinguished
by the difference of color shades, the concentration of material
and where it has not characterized the porosity. After applying
the filter "Analyze Particles" tool used to measure the
percentage of each element.

RESULTS AND DISCUSSION

Random points were chosen to perform the analyses, to
exemplify this procedure, the sample S1 with 90% Cu and
10% Ni concentration (Fig. 2).
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Fig. 2. Micrograph of sample S1 with magnification 2000x

Point 1 that deals with an image indicating an enlargement of
the point (Fig. 2) as shown in the EDS graph of the chosen
point.

Table 1. Percentage of mass of elements found at point 1 of sample S1

Cu-K
91.26

C-K OK AIK Si-K Ni-K
S1-(2000x1) 1.04 0.00 0.05 0.05 7.59

The software resembled the actual image to make the points
count to measure the porosity (Fig. 3).
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Fig. 3. Image taken by SEM of a random sample point 1 with ImageJ
filter B& W

For the statistical analysis, a total of twenty manipulated
images of the sample 1 were used, with 90% of Cu and 10% of
Ni. In the software and statistical analysis resulted in an
average of 50.2% surface porosity and a standard deviation of
22.2%. The sample S1 had an average of 50.2%, being above
the porosity range of pure titanium that remained between 35
and 40%. It also remained above the porosity range of the
multicomponent white cast iron spray coating that is 0.9 to
8.7% [19]. It possibly counts the points to measure the
apparent porosity (Fig 4).

Fig. 4. Image made by SEM from a random sample point 2 with

ImagelJ filter in B&W
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Fig. 5. SEM image of a random point of Sample 3

With a total of nineteen manipulated images of the S2 sample,
with 80% copper and 20% nickel. The software and after

statistical analysis showed the mean of 52.3% surface porosity
and a standard deviation of 18.1%. Sample 2 resulted in an
average 52.3% porosity, high when compared to the results of
research [17] that has a porosity variation of sintered pure
titanium in the order of 35 to 40%. It also remained above the
range of porosity of the multicomponent white cast iron spray
coating that is 0.9 to 8.7% [19]. It is possible to count the
points to measure the surface porosity (Fig. 5). With seventeen
images of sample 3, with 50% Cu and 50% Ni, after statistical
analysis, the software showed to an average of 19.8% surface
porosity and a standard deviation of 3.6%. The sample S3,
which had an average porosity of 19.8%, can be considered
low since the porosity variation of pure titanium is between 35
and 40%. The range of porosity of the spray-dried
multicomponent white cast iron coating that is 0.9 to 8.7%

ImagelJ filter in B&W

The software resembled the actual image to make the points
count to measure the surface porosity (Fig. 6). With twenty
manipulated images of the S4 sample, with 20% Cu and 80%
Ni, the software pointed to an average of 28.4% surface
porosity and a standard deviation of 7.6%. With a total of
seventeen manipulated images of the S3 sample, with 50%
copper and 50% nickel, the software pointed to an average of
19.8% surface porosity and a standard deviation of 3.6%.
Comparing to the results of existing research [17] the S4
sample, which presented a mean of 28.4%, being below 35%,
which is the minimum level of pure porosity variation of 35%
and 40% of pure titanium. Exceeding the range of porosity of
the multicomponent white cast iron coating made by spraying
is 0.9 to 8.7% obtained by [19]. The software resembled the
actual image to make the points count to measure the surface
porosity (Fig. 7).
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With a total of eighteen manipulated images of the sample S6,
with 10% Cu and 90% Ni, in the software and after the
statistical analysis an average of 22.7% surface porosity and a
standard deviation of 4.7%. The multicomponent white cast
iron spray coating has the porosity ranging from 0.9 to 8.7%
[19]. Under the average porosity found in sample S4, which
presented a porosity of 22.7%, but about existing studies [17]
with a porosity of 35 to 40% for pure titanium. The software
was used to count the points to measure the surface porosity
(Fig. 8). With a total of twenty manipulated images of the
sample S7, with 70% of Cu and 30% of Ni, in the software and
after the statistical analysis an average of 58.2% surface
porosity and a standard deviation of 10.7%.
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Fig. 8. Image made by SEM from a random sample point 7 with
ImagelJ filter in B&W

The EDS technique is one of the features of the SEM and
allows the compositional analysis of the materials, being
possible to quantify the elements present in percentage or
weight [18]. The sample S1 had an average of 50.2%, being
above the porosity range of pure titanium that remained
between 35 and 40%. It also remained above the porosity
range of the multicomponent white cast iron spray coating that
is 0.9 to to 8.7% porosity. Comparing to the results of existing
studies [17] the sample S7 presented an average of 58.2%
porosity. This value is above the range of pure titanium
porosity that remained between 35 and 40% and remained
above the white cast iron coating that is 0.9 to 8.7% porosity
[19]. With analysis of each sample, the graph (Fig. 9) presents
the surface porosity, characterized by the percentage of the
average values of each sample, with the percentage of Cu in
the Cu-Ni alloy. After the determination of the surface
porosity, there is a possibility, through three-dimensional
techniques, to find a 3d model for the porosity [20].
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Fig. 9. Graph of the porosity averages of all samples with trend
line

Conclusion

The research showed out that after the sintering process:

e The confirmation of formation of the Cu-Ni alloy, since
at all points, chosen at random, there was the presence
of the alloy.

*  After the image collection and manipulation of the same
through software, it was possible to perform a statistical
analysis that proved a high porosity of all the
compositions of the samples analyzed.

e The high percentage of porosity found in all analyzed
samples is due to the low compaction pressure used.

*  There is a tendency to increase the porosity of the alloy
with increasing percentage of Cu about Ni.
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