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This study assesses the microstructure and elemental concentration of W-Cu composites with fixed
ratios of tungsten and copper (W80Cu20, W70Cu30, W60Cu40) using Scanning Electron Microscopy
(SEM) and Energy Dispersive X-ray Spectroscopy (EDS). Backscatter electron mapping through SEM
shows the dispersion and characteristics of the tungsten and copper-phase carried in the matrix,
whereas EDS characterizes semiquantitatively and identifies the W, Cu, C, and O content in the
compositions. The distribution of which portrays an increased Cu content as well as reduced W
content with increased Cu ratio, with minor carbon and oxygen present, possibly pre-process
contamination. The results obtained here are in line with previous works established from this
research that SEM and EDS are suitable methods of analyzing phase distribution, homogeneity and
elemental composition in W-Cu composites for enhancing the processing parameters and
mechanical and functional properties. Thus, the combination of SEM and EDS allows a deep
investigation of the influence of the microstructure on the properties of W-Cu composites and
accomplishments of their intended aims and tasks in the frame of modern science and engineering.
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1. Introduction

Tungsten-copper composites also known as W-Cu
composites which are comprised of Tungsten and
copper offers high melting point and strength near
to Tungsten and electrical and thermal conductivity
nearly as good as copper on the other hand making
them useful in electrical applications such as
electrical contacts and heat sink and in other
engineering application that require high
performance. The properties of W-Cu composites
depend profoundly on their microstructure and the
arrangement of constituent phases, which, in their
turn, depend on the synthesis methods and
parameters [1].

SEM and EDS are relevant tools being used to
analyze the microstructure and chemical
composition of W-Cu composites. SEM also gives
the characteristics such as homogeneity, particle
size, phase distribution and agglomeration as well
as the interface between tungsten and copper
phases. When linked to SEM, EDS provides the
elemental analysis and the spatial distribution
identified quantitatively and qualitatively [2-5].

As stated earlier, literatures have shown that SEM
and EDS are efficient in characterizing W-Cu
composites synthesized using different methods
such as; powder metallurgy, electroless plating,
mechanical alloying and spark plasma sintering [6].
For instance, SEM micrographs have shown a
homogeneous distribution of copper phase within
the tungsten matrices in the synthesized composites
fine and agglomerated particle structures, and the
ability to disperse the reinforcing phase effectively
[7]. They also enable determination of the
interfacial phase distribution and qualitatively in
determining the intermetallic phase in complex
microstructure composites.

SEM and EDS  helps in understanding the
dependence of processing, microstructure and
properties and assists in arriving the necessary
modification in the composites design for
improvement of performance in severe operating
conditions [8].

2. Literature Review: SEM and
EDS Analysis for W-Cu
Composites

2.1 Role of SEM and EDS characterization of
W-Cu composite

SEM coupled with EDS is basic characterization
techniques for determining microstructure and
composition of tungsten-copper (W-Cu) composites.
These methods are used for measuring phase
distribution, quality of the interface, and the impact
of processing parameters on the properties of the
composite [9, 10].

2.2 Microstructural Insights from SEM

SEM is quite useful for studying the morphology,
distribution and the phase distribution of both
tungsten and copper. These tests have shown that,
in relation to the SEM micrographs, the features
such as the uniform dispersion of tungsten and
other reinforcements (for example, fly ash) in the
copper matrix, the quantity of the voids and the
quality of the interface between the phases. For
instance, SEM analysis established that W and fly
ash distributed uniformly in Cu matrix and the
results in enhanced microhardness and compressive
strength. In another study by SEM to understand
the microstructure of sintered W-Cu composites, it
was described that higher sintering temperature is
associated with higher density and shocking
mechanical properties. SEM has also been used to
investigate the topography of composite powders
and coatings, and it has been found that the cold
spraying technique and electroless plating to
produce coatings with uniform and low porosity
[11].

2.3 EDS - Elemental Mapping & Phase Analysis

In conjunction with SEM, EDX spectra offer
elemental mapping and quantitative proportional
analysis of the given composite. EDS also proves
the existence and location of tungsten and copper,
checks the effectiveness of the coating and alloying
process, and reveals the presence of certain
intermetallic phases or the homogeneity of
elemental distribution. For example, EDS mapping
has shown that Cu and W are well-mixed in sintered
sample, thus confirming that powder mixing and
sintering process can indeed provide well dispersed
composites5. Cross-sectional views of W-Cu
composite coatings have also been prepared and
studied by EDS to determine the dispersion of
different elements up to the penetration thickness
and supplement the evaluation of the coatings [12,
13].
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2.4 Influence of Processing Parameters

SEM and EDS analysis have confirmed that the P/M
techniques like mechanical alloying, electro less
plating, and cold spraying along with powder
metallurgy techniques offer adequate bonding,
dense and uniform W-Cu composites with improved
mechanical and functional properties1579. The
bottom of the joined region of the Tungsten and
Copper is mechanically fitted and formation of any
new phase at the interface is not prominent which
are supported by EDS8. Morphology of the
composites mainly depends on size, temperature of
sintering and time period of milling and also the
composition examined by using SEM/EDS [14-19].

SEM and EDS are quite useful tools that help in the
characterization of tungsten-copper composites. It
offers information on the size of the interfacial
phases, distribution of elements in the synthesized
phase and quality of the interface that enables a
guide on how best to process them to have the best
mechanical and functional properties.

Table 1: SEM and EDS Analysis for W-Cu
Composites in tabulated form

Author SEM Analysis EDS Analysis Key

Name & Findings Findings Insights/Applications

Year
(Rajan, S|SEM micrographs EDS confirmed |[Enhanced
et al., revealed uniform the presence |microhardness,
2020). |[distribution of W and flyfand distribution|jcompressive strength,
ash in the Cu matrix; |of W and fly and corrosion resistance
worn surface SEM used [ash in the Cu [with W addition; lowest
to study wear matrix. wear rate for Cu-6FA-

mechanisms. 6Wcomposition

(Meng, Y [SEM showed fully EDS used to  [Improved

S et al., [dense, uniform triple- |study microhardness and wear
2015). [layer W-Cu coatings elemental and [resistance; gradual

metallurgically bonded [phase property transition
to Cu substrate. composition incoatings [2].
across graded

layers.

(Huang, |FE-SEM revealed EDS analyzed |Optimized pretreatment
L et al., [surface defects aiding [composition of |improved density and

2014). |[Cu grain nucleation and (W, pretreated |electrical conductivity of

evenness of W-Cu W, W-Cu sinteredcomposites
powder. powder, and

sintered

samples.

(Selah  [SEM examined EDS used to Higher sintering

shorrad |microstructure changes atjanalyze elemental ftemperature
et al., different sintering distribution and improved
2024). [temperatures; observed |phase changes hardness, density,

work hardening and wear |post-sintering. land corrosion

layers. resistance.
Stalin et |[SEM showed even EDS confirmed ITiB2 addition
al., dispersion of TiBz in Cu- [presence of TiB2, [enhanced

2020). |W matrix; microstructure |W, and Cu; hardness, impact

correlated with wear detected oxides Istrength, and

resistance. formed during minimized

sintering. earrate.5

(Wang, C|SEM revealed formation [EDS, along with Provided guidance

et al., of multiple interfacial SEM, identified for controlling

2020). [transition zones and JAICu, Al2Cu, and [interfacial
intermetallic compounds. |AlsW at the microstructure in

interface. hovelcomposites.

(Lima, M [SEM revealed fine, EDS mapping IAchieved high

et al., agglomerated particles  [showed [density and
2017). |and good homogenization jhomogeneous microhardness;
of Cu in W. distribution of Cu [|effective

and W in sintered |phasedispersion.

samples.

(Yusefi et|SEM and image analysis |[EDS mapping SPS improved

al., showed up to 97% determined [density and
2017). |densification and clear lcomposition in hardness,
layer structure. leach layer. lespecially in

intermediatelayers

Machkale|SEM analyzed EDS assessed ICoatings improved

et al., microstructure of W-Cu |elemental microhardness and
2024). |coatings before and after [composition of reduced
frictioncoefficient.

wear testing. coated layers.

3. Results & Discussion

SEM-EDS (Scanning Electron Microscopy with
Energy-Dispersive X-ray Spectroscopy) combine the
imaging capabilities of SEM with the elemental
analysis of EDS. This technique allows researchers
to analyze the surface morphology and elemental
composition of materials. SEM provides high-
resolution images by scanning the sample with an
electron beam, while EDS analyzes the X-rays
emitted when the electron beam interacts with the
sample, revealing the elements present and their
relative concentrations.

3.1 Compositional Analysis
[1] W80Cu20 Composite EDS Analysis

The EDS analysis of W80Cu20 indicates that it is a
W-rich material,
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containing 74.35 wt% W and 18.15 wt% Cu which
concurs with the nominal composition of the alloy.
Such concentration of 6.43 wt% or 34.04 at%
oxygen indicates moderate level of surface oxidation
that can probably develop WOs phase at the grain
boundaries during processing. Carbon content
seems to be negligible at 1.07 wt% (7.55 at%)
probably due to the residual lubricants used while
pressing powders. A higher atomic percentage of
oxygen in comparison with the weight percentage
can predict that this light element segregates in
surface preferential, which can have a bearing on
interfacial behaviors at high-temperature
environments.

Table 2: W80Cu20 composite analysis
Composition C (wt%) O (wt%) Cu (wt%) W (wt%)

W80Cu20 1.07 6.43 18.15 74.35

ull Scale 3307 Az Cursor: 0.000 keV]:

Figure 1: W80Cu20 EDS maping with SEM image
[2] W70Cu30 Composite EDS Analysis

The trends in the sample W70Cu30 are meaningful
to have 67.28 wt% composition of W and 26.67
wt% composition of Cu while the atomic percentage
calculated to be 30.87%W and 35.37%Cu. The
content of the oxygen is lower compared to the
sample W80Cu20: 4.98 wt % against 26.24 at %
indicative of higher chances of improved sintering
conditions but still detrimental to properties of the
weld metal. Carbon concentration has negligible
variation of 1.07 wt% (7.52 at%) and, therefore,
remains systematic, which may originate from the
processing tools. As expected, the weight
percentage of copper is lower than the atomic
percentage, while the atomic percentage of copper
increases, which could be attributed to copper
atomic mass and its progression in the formation of
interconnected net like structure as seen from the
SEM images.

Table 3: W70Cu30 composite analysis
Composition C (wt%) O (wt%) Cu (wt%) W (wt%)

Ful Scale 3307 cis Cursor: 0.000 L)

Figure 2: W70Cu30 EDS maping with SEM image
[3] W70Cu30 Composite EDS Analysis

It could therefore be deduced that the composition
of the prepared alloy W60Cu40 is as expected with
weight percent of 54.68W and 36.08Cu while the
atomic percent is 20.12W and 38.48Cu respectively.
The oxygen content increases to 7.63wt%
(32.32at%) perhaps due to the fact that more
surface area of copper is available for oxidation.
Carbon content rises to 1.61 wt% (9.08 at%), which
could be due to higher carbon acquisition from the
consumables during the prolonged treatment of
Copper containing mixtures. The atomic per cent of
tungsten decreases sharply to 20.12 % suggesting
further break from the copper continuous
microstructure that is associated with better
electrical conductivity but lower High Temperature
Strength. The low atomic ratios of C,0 as compared
to W also shows that weight dependent values and
atomic concentrations must be taken into
consideration at the surface when analysing EDS
data.

Table 4: W80Cu20 composite analysis
Composition C (wt%) O (wt%) Cu (wt%) W (wt%)

W60Cu40 1.61 7.63 36.08 54.68

Figure 3: W80Cu20 EDS maping with SEM image
[4] Interpretation Analysis

The EDS analysis incorporates elemental mappings
to show concentration trends in the W-Cu matrix
based on increasing Cu content. The results support
the trend of the copper concentration rising in
relation to the high Cu ratios and the concentration
of tungsten decreasing in relation to the high Cu
ratios. This is attributed to the fact that samples are
usually contaminated by C and O at the surface.
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The above results are in accordance with the
previous studies approving the efficiency of SEM
and EDS to investigate W-Cu composites for
application in electrical, thermal and mechanical
fields.

widh

WEBOCUZ0 W70Cu30 We0Cud40

Compaosition

Figure 4: EDS Data Summary
3.2 Microstructural Analysis

Scanning Electron Microscopy (SEM) is a technique
used to study the morphology, or shape and surface
features, of materials at a nanoscale resolution. It
utilizes a focused beam of electrons to scan the
surface of a sample, interacting with its atoms and
generating signals that reveal the sample's surface
morphology, topography, and other characteristics.

Figure 5: Scanning Electron Microscopy for W-Cu
Composite

SEM micrograph shows that the examined
specimens possess a typical tungsten-copper
microstructure with clear segregation of dark copper
matrix and bright tungsten particles. Tungsten
particles showing uniform distribution in the
continuous copper matrix and that shows good
mixture of b ticker and consolidation during the
processing.

The copper phase on the other hand, forms a
continuous network around the tungsten particles
which show that there is enough sintering to
achieve electrical percolation. Anomalous
microstructures including splintering at the phase
interfaces as well as phase boundaries are clearly
observed, which might be due to the PM processing
from powder. The counter is characterised by
angular tungsten particles with different sizes and
an almost homogeneous matrix containing copper
where no large-scale copper segregation is visible.
There is blurring of interface at some regions of
tungsten-copper which may arise from oxide phase
or incomplete wetting. At this magnification, the
cross-section sample shows no substantial signs of
the clustering of either of the phases, obeying the
FESEM result. The scale bar corroborates that the
image enables examination of the individual
particles’ properties and phases distribution patterns
at once. Such microstructure is typical for W-Cu
composites prepared under normal conditions,
however, the interfacial phenomena and porosis
observed in this investigation might be further
enhanced to improve the material properties of W-
Cu composites. The image contrast enables
improvements in phase contrast with clear definition
along with the additional differentiation of
microstructures which are crucial in analysis.

4. Conclusion

The SEM and EDS analyses of tungsten-copper (W-
Cu) composites with varying compositions
W80Cu20, W70Cu30, and W60Cu40 provide
comprehensive insights into their microstructural
characteristics and elemental distribution. The SEM
images revealed the dual-phase microstructure
where tungsten formed a continuous or dispersed
phase depending on its concentration, while copper
increasingly dominated the matrix with higher Cu
content. EDS results confirmed a systematic
increase in Cu and corresponding decrease in W
content with increasing copper proportion, along
with minor traces of carbon and oxygen, likely from
surface contamination or sample handling. These
findings validate that SEM combined with EDS is an
effective technique for evaluating phase distribution,
compositional uniformity, and  microstructural
integrity. This knowledge is essential for optimizing
processing parameters to achieve the desired
mechanical and thermal properties of W-Cu
composites for advanced engineering applications.
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