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Abstract  
 
This research investigates the production of epoxy resin composites reinforced by the synthesized heavy tungsten 
alloys (W-7Zn-3Co-Y2O3). Y2O3 is used for dispersion of the compound during the ball milling process. Laminating 
resin component A and hardened component B were used to produce polymer epoxy matrix. The tungsten heavy 
alloys reinforced epoxy composites were examined in terms of Vickers hardness, density measurement and 
microstructural characterization . The results indicate that the 16 hour-milled reinforced epoxy composites have the 
highest hardness value. 
 
Keywords: Tungsten alloys, mechanical alloying, and polymer epoxy composites 

1. Introduction 
 
With extensive applications of polymer and its composites, epoxy resin polymer composites are 
extensively prefered in national economic construction and national defense construction 
works[1-3] due to their high specific strength-weight ratio, chemical, wear and corrosion 
resistance. Forexample; epoxy resins can be employed as insulating systems in high-voltage 
applications, including cables, generators, motors, and cast resin dry-type transformers, among 
others [4]. Fiori et al. [5] conducted an assessment of how the inclusion of uniaxial basalt fabric 
layers impacts the mechanical properties of a glass mat/epoxy composite specifically designed 
for marine applications. Baig et al. focused on the hybrid epoxy composite coatings for 
tribological applications [6]. Also, epoxy composites can be alternative for aleminium, steel and 
titanium [7-9]. On the other hand, the application of pure epoxy resin is limited by its brittleness, 
small elongation and poor mechanical impact resistance [10, 11].  
 
Many researchers found that the addition of nanoparticles into adhesives like epoxies improved 
the adhesive characteristics [12-14]. Conradi et al.[15] studied the dispersed silica nanoparticles 
into the epoxy matrix to produce a coating with a better hardness of 50% when compared with 
coatings of pure epoxy. Karippal et al.[16] used multi-walled carbon nanotubes (MWCNT) and 
carbon black (CB) as reinforcements with different fractions into the epoxy matrix and determine 
the change in hardness of the composite. Radwan et al.[17] studied the effect of reinforced epoxy 
risen by aluminum particles with variation in weight percentage and evaluated the change in 
vickers hardness, density, and the compression stress of the composites. Al fillers with higher 
percentages tend to increase the hardness of resulting composites when compared with pure 
epoxy resin. The study conducted by Halder et al.[18] demonstrated significant improvements in 
various mechanical properties of the epoxy system. The maximum enhancements observed were 
approximately 24% in tensile strength, 47% in tensile modulus, 48% in compressive strength, 
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44% in flexural strength, and an impressive 77% in flexural modulus compared to the neat epoxy 
system. In another study[19], researchers aimed to enhance the coating properties of epoxy resin 
by incorporating Ni–La–Fe–O nanoparticles in the form of NiLaxFe2−xO4/epoxy nanocomposites. 
To achieve this, they synthesized new composites with varying x compositions (x = 0.00, 0.50, 
1.00, 1.50, and 2.00) in situ, while the epoxy resin was prepared using a straightforward solution 
method with ultrasonic assistance. The inclusion of Ni–Fe formulations demonstrated 
considerable potential in improving epoxy coatings.  
 
In this paper, W-Zn7-3Co + %0.5 Y2O3 reinforcement particles were synthesized with different 
milling times and techniques before adding them into the epoxy resin matrix. Different samples 
were produced to investigate the effect of milling time on the hardness and density of epoxy 
matrix composites. 
 
2. Materials and Methods 
 
To produce W-Zr-Co-Y2O3 reinforced epoxy polymer composites, W, Zr, Co, and Y2O3 particles 
and laminating resin component A and component B were supplied from Nanografi, EGE nano 
A.Ş and ADS Chemistry, respectively. The heavy tungsten alloys were synthesized by 
mechanical alloy routine. There are two kinds of strategy were used to produce the heavy 
tungsten alloys, which are called the classic and alternative methods respectively.  In the classical 
method, all raw materials are milled for 24 hours. In the second technique, initially, the Zn-Co 
compounds were milled for 24 hours. The W and Y2O3 and the milled Zn-Co compounds were 
then milled for 8, 16, and 24 hours. The detailed information is given in previous study [20]. In 
the second technique, sample 1,2,3 and 4  are called according to their milling times of 0,8, 16 
and 24 hours, respectively while the sample 5 is produced by classical method. To form heavy 
tungsten reinforced epoxy composites, the heavy tungsten alloy (0.5 g) and the epoxy (10 g) were 
weighted. The powder compounds and resin were placed in a beaker and the mixing was carried 
out by utilizing a mechanical stirrer for half-hour. The hardener is then poured into the beaker as 
the weight ratio between the resin and hardener of 2. The resulting suspension was mixed for 2 
hours by a magnetic stirrer with a speed of 800 rpm. To ensure homogenous distribution, the 
compound was again mechanically mixed for 5 minutes and the compound was dried at room 
temperature.  
 
3. Results and Discussion 
 
Figure 1 shows the Vickers hardness of the pure epoxy and the heavy tungsten reinforced epoxy 
polymer composites with the force load of 0.3 kgf and the dwell time of 20 sec. Five 
measurements were applied for each sample to calculate the average value of the measurements. 
The addition of the tungsten metal powder as reinforcement material to the epoxy matrix leads 
to a noticeable increase in the microhardness value. Furthermore, the ball milling time of tungsten 
powder has a significant effect on the microhardness. The composite having 16-hour milled 
tungsten heavy alloy shows the best hardness value of 22.6 HV.  
 
On the other hand, the effect of the second milling method was determined by comparing the two 
samples fabricated by using these two different strategies. The composites produced by the 
second one have approximately 25 % higher microhardness values when compared with the first 
one. 
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Fig. 1. The Vickers hardness values of the given epoxy composites 

The density measurements are based on Archimedes' principle. The measured density of pure 
epoxy and the reinforced epoxy composites are shown in Figure 2. As expected, due to the nature 
of the high density of tungsten alloy, the addition of the synthesized tungsten alloy to the epoxy 
matrix increases the density of the composites since the density of the pure epoxy is the smallest 
value among them with a value of 1.146 g/cm3 When regarding the polymer composites produced 
by the second method, the composite with the 8 hours milled alloy indicates the highest measured 
density value having value of 1.198 g/cm3. This can be because pure tungstens powders are 
higher density values than the synthesized alloys, which means the 8-hour milled alloy may 
include the highest pure tungsten ratio when comparing the other milled alloys. On the other 
hand, In the classical method, as expected, the measured density is a slightly higher value than 
pure, and 16 and 24 hour milled alloyed reinforced epoxy composites. 
 

 
Fig. 2. The measured density of the given epoxy composites 

Figure 3 illustrates optical microscope images of reinforced epoxy composites with varying 
milling times, showcasing different types of agglomerations across all structures. This is due to 
the differences between dimensions, interactions, and volume fractions of the neat epoxy and 
tungsten alloy. In contrast to the Vicker's results, the distribution of tungsten alloys in the 24-
hour milled structures is superior to that of the 16-hour milled structures. 
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Fig. 3. Optical images of the given materials 
 

4. Conclusion 
This study examines the W-Zn-Co-Y2O3 alloy reinforced epoxy polymer composites in terms of 
Vicker hardness and density measurements. Component A and B were chosen as epoxy elements. 
The study indicates the second method may be chosen due to the highest Vicker hardness value 
and lower measured density values as compared to the reinforced composites. Furthermore, the 
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16 hours milled heavy tungsten alloy reinforced epoxy composites have the highest mechanical 
value. The utilization of the tungsten alloy as a reinforcement within the epoxy composites 
significantly enhanced their mechanical properties, thereby expanding the potential applications 
of composites in diverse industries, including aerospace, automotive, marine, and military 
sectors. 
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