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Abstract: This paper compares the electrical conductivity of LLDPE (Linear Low-Density 
Polyethylene)-carbon composite materials, LLDPE-carbon-aluminum composites, and LLDPE-
carbon-copper composites. Doping with aluminum (Al) and copper (Cu) metal powders influences 
electrical conductivity in carbon-based polymer composite materials. Adding metal powders as 
secondary fillers to a mixture of conductive carbon powders and LLDPE can decrease electrical 
conductivity. This is due to the agglomeration or clustering of metal powders within the polymer 
matrix, which disrupts conductive pathways and diminishes the efficiency of electrical charge 
transfer. The impact of filler type and quantity on electrical conductivity in composite materials was 
examined, and the findings revealed that factors such as the filler's amount, shape, and dispersal 
significantly affect the composite's electrical resistance properties. Increasing the amount of metal 
powder filler raises the composite's viscosity, reducing adhesion between the metal and polymer 
fillers while promoting metal-to-metal contacts. 

Keywords: Copper powder doping; Aluminum powder doping; Polymer composite; Electrical 
conductivity; LLDPE-carbon composite. 
 

1. Introduction 

This study reveals evidence that the addition of aluminum or copper metal increases 
the electrical conductivity of Linear Low-Density Polyethylene (LLDPE) polymer compo-
sites, but not significantly compared to electrically conductive carbon fillers.  

This study focuses on developing conductive polymer composite (CPC) materials 
made from a blend of conductive organic carbon fillers as the primary filler and metal 
powders as the secondary filler (doping), integrated into a thermoplastic polymer matrix 
of LLDPE. The resulting hybrid composite combines three components to create a carbon-
based material with enhanced mechanical properties and sufficient electrical conductivity 
to function as a raw material in electrical distribution systems. The hybrid composition 
improves the performance of both the fillers and the polymer matrix. 

A few years ago, electrically conductive polymer-carbon composites were 
extensively researched. To improve the electrical conductivity properties of the polymer 
composite, some studies added metal powder mixed with conductive carbon powder.  
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Carbon fillers and metal powders enhance the composite's mechanical, functional, 
physical, chemical, and conductive properties, while LLDPE provides excellent 
thermoplastic performance. Incorporating 2% MWCNT (Multi-Walled Carbon 
Nanotubes) into the polymer-carbon black composite significantly improves the electrical 
conductivity of the carbon filler [1].  A hybrid carbon polymer composite consisting of 
LLDPE (92%), Polypyrrole/PPY (2%), and Graphene Nanoplatelet/GnP filler (6%) exhibits 
superior mechanical properties compared to a two-component LLDPE-GnP composite [2]. 
Hybrid composites are essentially modifications of two-component conductive polymer 
composites (CPCs). CPC materials can be fabricated by engineering thermoplastic 
polymers as the binding matrix mixed with conductive carbon fillers [3]. At a certain 
composition level, conductive carbon fillers are interconnected through interfacial 
bonding between carbon particles, forming a network of conductive channels through 
which electrons can flow, creating an electrical current [4].  Electrically conductive 
carbon allotropes are commonly used as fillers, yielding varying results. Carbon Black 
(CB) filler at loadings of 5%, 10%, 15%, and 20% within an LLDPE matrix enhances the 
surface hardness of the CB/LLDPE composite. However, tensile strength declines when 
filler loading exceeds 5% due to particle agglomeration, which impairs the transfer and 
distribution of tensile stress from the polymer chains to the clustered CB particles. 
Similarly, due to percolation effects, electrical conductivity decreases beyond 5% filler 
loading [5]. CNT (Carbon Nanotube) serves as a conductive filler in carbon polymer 
composites. SWCNT (Single-Walled Carbon Nanotube) with its single-layered structure 
has direct interaction with the polymer matrix, enhancing the mechanical properties and 
electrical conductivity of the composite [6].  MWCNT (Multiwalled Carbon Nanotube) 
is formed by several SWCNTs arranged in a complex matrix. This structure provides 
higher mechanical strength compared to SWCNTs. MWCNTs exhibit good resistance to 
pressure and strain, contributing to high load-bearing strength [7]. Graphite is used as a 
conductive filler in combination with various types of thermoplastic polymers such as 
ABS, PP, PE, and PET. This results in carbon polymer specimens with conductivity 
ranging from 0.71 to 5.0 S/cm at the temperatures used in the 3D printing filament 
manufacturing process  [8]. The polymers used as matrices are quite effective in forming 
conductive channels, especially for non-polar polymers such as Polypropylene (PP), 
Polyethylene (PE), and Polyvinyl Chloride (PVC) [9]. This article explores the creation of 
cost-effective thermoplastic composite filaments for 3D printing. These filaments employ 
polypropylene (PP) as the polymer matrix and carbon black (CB) as the conductive filler. 
The composite demonstrates stable electrical properties and has been successfully utilized 
in 3D-printed applications such as plastic thermometers and flexible sensors [10]. In a 
related study, a Polycaprolactone (PCL) polymer matrix was successfully converted into 
an electrically conductive composite by incorporating 15% carbon black (CB) filler, which 
was subsequently processed using a 3D printing (3DP) machine. The PCL/CB composite 
was utilized to produce flexible sensors and 3D-printed gloves as demonstration 
applications. However, filler loadings exceeding 15% were found to hinder the 3D 
printing process, posing challenges in achieving consistent results [11].  This article 
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examines polymer composites made from carbon black particles derived from apple wood 
shells. Higher carbonization temperatures and filler content improve the carbon content, 
tensile strength, and flexural strength of the composites. Scanning electron microscopy 
(SEM) analyzes the filler-matrix bonding [12]. This article examines polymer composites 
with nickel and copper fillers, offering metal-like electrical and plastic-like mechanical 
properties. Electrical conductivity follows percolation theory, while thermal conductivity 
is unaffected. Particle shape and packing factor are key to concentration dependence [13].  
This study examines three types of fillers (Al, Fe, Cu) with varying particle shapes and 
sizes in HDPE. The relationship between filler percentage and the composite's tensile 
properties and electrical resistivity is explored. Tensile properties are influenced by filler 
shape, adhesion, and loading, while electrical resistivity depends on filler shape and 
amount. Young's modulus increases with higher filler content, following the typical trend 
in polymer composites [14]. The use of organic materials for conductive carbon has gained 
attention due to sustainability concerns. However, achieving optimal conductivity often 
requires high filler content, which can reduce toughness. Percolation theory shows that 
higher conductivity can be achieved by increasing filler quantity and improving its 
distribution [15]. A study with a 70/30 polymer/carbon composition achieved a 
conductivity of 9.09 S/m using carbon from palm fruit bunches. SEM revealed uniform 
carbon pore distribution in the longitudinal layers, with higher filler concentration in the 
lower vertical layers [16]. This research develops conductive polymers (CPs) by blending 
nylon with activated carbon. Electrical conductivity and activation energy were measured 
at different activated carbon mass fractions. Results showed conductivity increased from 
5.62×10⁻⁹ ± 1.89×10⁻¹⁰ S/cm in pure nylon to 2.51×10⁻⁸ ± 2.87×10⁻¹⁰ S/cm with 8% activated 
carbon. Activation energy decreased as the carbon fraction increased [17]. This study 
characterizes PAni/carbon composites from candlenut shells as capacitor electrodes. 
Activated carbon was synthesized at various temperatures (300°C, 400°C, 500°C, and 
600°C). Higher activation temperatures improved the composite's electrical conductivity, 
reaching a maximum of 5.7 x 10⁻³ S/m. The composite activated at 600°C had more and 
deeper pores, with the highest measured capacitance at 10.52 µF [18]. Conductive polymer 
composites (CPCs) are being developed to enhance electrical conductivity and mechanical 
properties. Metal powders are used as conductive fillers in CPCs. This research examines 
the melt flow rate (MFR) of an aluminum (Al) and ABS polymer composite with a 10% 
weight loading of Al filler. The results indicate an increase in MFR. This research holds 
potential for the production of lightweight and customizable conductive structures [19], 
improving the impact resistance [20]. At certain concentrations, it can reach a low 
percolation threshold to obtain a conductive material [21]. In PP-based conductive 
polymer composites (CPC) with carbon filler, copper enhances mechanical properties. 
Research using compounding, remixing, hot blending, and hot-pressing processes 
showed that adding copper with a conductivity of 5.80x10⁵ S/cm to the PP/C composite 
improved both conductivity and mechanical properties. Copper increased the composite's 
density, reduced porosity, and enhanced tensile strength, flexural strength, tensile 
modulus, flexural modulus, and elongation [22]. LLDPE polymer was used in this study 
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because it is a suitable material for conducting polymer composites (CPC) due to its ease 
of processing at its recrystallization temperature and its non-polar nature [9,23]. Several 
studies have shown that LLDPE-based conductive polymer composites (CPC) 
incorporating nano-sized carbon allotropes can achieve very low percolation thresholds 
[6,8,24]. Significant advancements have been made in developing polymers with great 
potential as alternative materials across industries. For example, Polyetheretherketone 
(PEEK) can be used to create conductive polymer composites (CPC) with excellent 
mechanical properties, particularly in fatigue resistance and impact strength [25]. PEEK is 
a polymer with a very high processing temperature. Currently, there is no known 
development of composite materials using electrically conductive carbon fillers from 
organic materials in PEEK polymer. However, several composite materials have been 
introduced as industrial materials, fabricated and processed from various components or 
hybrids, with binders made from low-melting-point metal materials [26]. The research 
shows that the prototype Extruder Head effectively stabilizes composite density. Higher 
density resulted in a notable increase in electrical conductivity. These findings highlight 
the successful development of a CPC material with improved conductivity, making it 
ideal for high-carbon-loading composites [27]. The purpose of this study was to study the 
characteristics of physical properties and electrically conductive properties of composites 
fabricated from organic carbon materials (rice husks) and LLDPE [28]. This paper explores 
the electrical and mechanical properties of filament materials made from biomass-derived 
carbon particles in an LLDPE matrix. Filaments, slender threads or fibers, are used in 
various fields such as textiles, plastic manufacturing, and more, including 3D printing. 
The study aims to develop composites with electrically conductive carbon and LLDPE 
polymer to enhance electrical conductivity [29]. This article discusses the engineering of 
composite materials made from a mix of conductive organic carbon filler and LLDPE 
polymer. Conductive micro carbon from rice husks was incorporated into an LLDPE 
matrix using hot compaction. The composite varied in filler composition with carbon 
loadings of 50%, 45%, and 40%, and mesh sizes of #150, #200, and #250 [30].  

This article presents an experiment on fabricating composite materials using LLDPE 
polymer as the binding matrix, enabling the formation process to occur at a low 
temperature for easy shaping. Electrically conductive carbon from abundant organic 
materials served as the primary filler, while aluminum (Al) and copper (Cu) metal 
powders were used as secondary fillers to create a hybrid composite. 

2. Materials and Experiment Methods 

Carbonization  

Conductive carbon is made from rice husk filler through carbonization at 950°C, with 
a heating rate of 2°C per minute. The material is held at this temperature for 4 hours, then 
cooled naturally. The resulting conductive carbon is milled and sieved to obtain carbon 
particles with a mesh size of #200 (about 74 µm). 
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Metal powder filler  

This study uses copper (Cu) and aluminum (Al) powders as conductive fillers, 
known for their high conductivity and use in electrical equipment manufacturing. The Cu 
powder has 99.90% purity, a mesh size of #200 (about 74 µm), a conductivity of 5.96×10⁷ 
S/m, and a density of 8.96 g/cm³. The Al powder has 96.00% purity, a mesh size of #300 
(about 44 µm), a conductivity of 3.5×10⁷ S/m, and a density of 2.70 g/cm³, used in power 
distribution. 

Thermoplastic LLDPE 

The plastic resin used in this research is LLDPE (Linear Low-Density Polyethylene), 
specifically the ETILINAS LL3840UA grade. It has a white base color and a mesh size of 
#40 (approximately 400 µm). The resin's relative density to water ranges from 0.91 to 0.98, 
and its MFR (Melt Flow Rate) is 4 g/10 min. The polymer melts at 124°C, with 
crystallization occurring at 111°C. 

Hot compaction 

Heat compaction is carried out by a manual hydraulic machine with a power of 400 
bar. The heat printing process is carried out at a pressure of gradually up to 100 bar while 
being heated on a controlled electric heater. 

The composite samples were fabricated using a high-precision digital scale with 
weight fraction composition ratios. Five specimens were prepared for each ratio.  

Table 1 shows the composition of LLDPE carbon composites without the addition of 
metal powder. 

Table 1. Composition of carbon-LLDPE 

Sample Code HOA HOB HOC 

LLDPE, % w 50 55 60 

Carbon, % w 50 45 40 

Metal doping, %w 0 0 0 

Table 2 shows the composition of carbon-LLDPE composites with the addition of 
aluminum powder, and the composition of aluminum powders with LLDPE, with carbon.   

Table 3 shows the composite composition of carbon-LLDPE with the addition of 
copper powder, and the composition of copper powder and LLDPE, with carbon.  

Mixing all ingredients is done manually, compressing the heat gradually, and 
pressing at a gradual pressure. The pressure gradually reaches 100 bar and is lowered to 
50 bar at an initial temperature of 90°C. The temperature of the compass is raised to 130°C 
and held for 20 minutes. The sample is degraded from the mold. The shape and 
dimensions of the electrical and physical properties of the test sample are 10 × 10 × 5 mm. 
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Table 2. Composition of Carbpn-LLDPE-Al powder 

Sample code HAA HAB 

LLDPE, %w 50 50 

Carbon, %w 40 30 

Al_powder, %w 10 20 

Table 3. Composition of Carbon-LLDPE-Cu powder 

Sample code HCA HCB 

LLDPE, %w 50 50 

Carbon, %w 40 30 

Cu powder, %w 10 20 

 

SEM-EDS testing 

Carbon element and microstructure testing were conducted using the Hitachi SU 
3500 SEM machine at the National Research and Innovation Agency (BRIN) Physics 
Laboratory in Serpong, Indonesia. Microscopic imaging uses the Secondary Electron (SE) 
and Backscattered Electron (BSE) techniques. 

Electrical conductivity test  

Electrical conductivity testing was conducted at the Physics Laboratory of the 
National Research and Innovation Agency (BRIN) in Serpong, Indonesia, following the 
ASTM D4496 standard. The four-point probe method used the Keithley Source Meter® 
2450.  

3. Results and Discussion 

The composite specimens of only LLDPE and carbon, shown in Table 4, used 
homogeneous blends of LLDPE polymer and micro carbon filler from rice husk in ratios 
of 50:50, 55:45, and 60:40. These were used as a reference to measure the effect of adding 
metal powders to the carbon polymer composite. 

The LLDPE-carbon composite specimens will be compared to the characterization of 
specimens using metal powder fillers as a substitute for conductive carbon. The specimens 
with aluminum powder fillers are coded as HAA, HAB, HAC, and HAD, while the 
specimens with copper powder fillers are coded as HCA, HCB, HCC, and HCD.  

The specimens HOB and HOC also consist of a homogeneous mixture of LLDPE as 
the binding matrix and microcarbon conductive filler from rice husk but in different 
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ratios. The code HOB is used for the composite with a composition of LLDPE: C (55:45), 
and the code HOC is used for the composite with a composition of LLDPE: C (60:40), 
referring to the codification in Table 4.  

The results of electrical conductivity testing for conductive carbon loading are in 
Figure 1. Higher carbon content led to higher conductivity. The HOA composite with a 
50:50 LLDPE: C ratio achieved the highest conductivity of 9.43E-04 S/cm. The HOC 
composite with a 60:40 LLDPE: C ratio had the lowest conductivity of 1.35E-04 S/cm. 
Lower carbon composition reduces the formation of conductive pathways, hindering 
electron flow within the composite. 

Table 4. Sample code and composition ratio 

Sample Code HOA HOB HOC 

LLDPE, % w 50 55 60 

Carbon, % w 50 45 40 

Metal doping, %w 0 0 0 

Electrical Conductivities, S/cm 9.43E-04 3.47E-04 1.35E-04 

The electrical conductivity performance can be supported by the conductive carbon 
reinforcement composition. Research shows that using a combination of several carbon 
allotropes in hybrid composites significantly enhances conductivity [22]. The very low 
conductivity is due to the high LLDPE matrix composition. Its insulating properties cause 
it to effectively insulate the carbon filler, hindering electricity flow in the HOC specimen. 
This is further supported by using PP as a polymer in hybrid composites without metal 
fillers [31]. The addition of carbon reinforcements successfully increased the electrical 
conductivity value of the hybrid composite based on PP polymer [22]. 

 

Figure 1. Electrical conductivity of LLDPE-carbon composite 

During the initial mixing and compaction, conductive carbon particles aggregate 
within the polymer powder voids due to their smaller quantity and similar size to the 
voids. With increased heat, these particles absorb the molten polymer, forming a thin layer 
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on their surfaces. The densely packed carbon clusters absorb the polymer layer initially 
and diffuse into the polymer as the molten polymer equilibrium changes. 

Under certain conditions, carbon particles aggregate in the polymer voids, forming 
conductive channels that enhance the material's electrical conductivity. These 
interconnected carbon aggregates create pathways for electron flow. More conductive 
channels result in higher conductivity. 

Electrical conductivity of metal filler LLDPE-carbon composite   

To increase electrical, metal powders are added to the LLDPE/C carbon-polymer 
composite. This is done by replacing microcarbon weight with an equal weight of metal 
fillers like aluminum and copper powders, as metals are good conductors. 

In the HAA specimen, 40% microcarbon and 10% aluminum powder by weight are 
used, matching the 50% total filler weight in the HOA specimen. This substitution is used 
to observe its effect on the hybrid composite's electrical conductivity. 

Figure 2 shows the electrical conductivity graphs for LLDPE/C-Al and LLDPE/C-Cu 
hybrid composites. Substituting 10% conductive carbon with aluminum (HAA) and 
copper (HCA) did not improve conductivity compared to the HOA specimen without 
metal powder. 

 

Figure 2. Electrical conductivity of hybrid composite 

The distribution of metal fillers in HAA and HCA did not form sufficient conductive 
channels. The HOA specimen with microcarbon filler mesh #200 (±74 µm) achieved 9.43E-
04 S/cm, while HAA (LLDPE/C-Al 10%) and HAB (LDPE/C-Al 20%) achieved 0.000223 
S/cm and 0.000498S/cm, respectively, as showed at Table 5. 

Table 5. Composition ratio LLDPE-carbon-Al 

Sample code HAA HAB 

LLDPE, %w 50 50 

Carbon, %w 40 30 
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Al powder, %w 10 20 

Electrical Conductivities, S/cm 2.23E-04 4.98E-04 

A 20% by-weight substitution of micro carbon in hybrid composites increases 
electrical conductivity, as seen in HAB and HCB specimens, as shown in Figure 2, and 
Table 5 and 6. However, adding too much metal powder to the LDPE/C carbon polymer 
composite can decrease conductivity, likely due to metal powder agglomeration within 
the polymer matrix. Compare the data in Figures 1 and 2, specifically between the HOA 
(no doping metal), HAA (Al doping metal), and HCA (Cu doping metal) samples. 

Table 6. Composition ratio LLDPE-carbon-Cu 

Sample code HCA HCB 

LLDPE, %w 50 50 

Carbon, %w 40 30 

Cu powder, %w 10 20 

Electrical Conductivities, S/cm 1.62E-04 4.69E-04 

Adding metal powder Al and Cu to the LLDPE/C carbon polymer composite affects 
its flow behavior. Metal powders have higher densities than carbon and LLDPE, 
increasing melt viscosity and reducing the flowability or rheology of LLDPE. This high 
viscosity can lead to particle agglomeration within the polymer matrix. Metal powder 
particles, along with microcarbon, act as nuclei for forming conductive pathways. If 
pressure and thermal energy are insufficient, conductive pathways may not increase 
during compaction and heating. 

Uneven dispersion of conductive filler particles disrupts electrical pathways and 
reduces charge transfer efficiency in the polymer matrix. Metal powder agglomeration 
decreases contact between metal and carbon powders, lowering conductivity. 
Additionally, agglomeration can reduce the composite's density, further decreasing 
conductivity. 

Microstructure dispersion of metal filler LLDPE-carbon composite  

The explanation of the SEM test results directly points to the feature points that are 
suspected to be carbon filler or porosity (voids) or cracks, or LLDPE matrix. Porosity or 
voids are indicated by very dark images, compared to carbon fillers, and cracks are 
indicated by irregularly elongated groove images, and usually occur at the interface 
between the matrix and carbon filler.  

In Figure 3, SEM images of the HOA specimen (LLDPE/C) show micro carbon 
particles from rice husk bound by a polymer layer (LLDPE), forming micro carbon 
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channels in the matrix. These closely packed conductive channels facilitate electron 
transfer, resulting in a conductivity of 9.43E-04 S/m. 

In Figure 3, the SEM test results also show that a metal intrusion has been detected. 
This intrusion is an impurity in the LLDPE-carbon composite. The detected metal was 
accidentally included in the composite mixture.  

In Figure 3, there is a difference in the contrast of appearance between the carbon 
filler and the LLDPE matrix. The carbon filler looks darker than the plastic matrix in the 
SEM image.   

LLDPE-carbon and metal aluminum composites are shown in Figure 4 with the HAA 
sample code. Figures 4 and 5 show SEM images comparing the microstructure of HAA 
(LLDPE/C-Al) and HCA (LLDPE/C-Cu) specimens, each with a 10% by-weight metal 
powder loading. The comparison reveals that these composites are more porous than the 
HOA (LLDPE/C) specimen. In the HAA (LLDPE/C-Al; 50/40/10) and HCA (LLDPE/C-Cu; 
50/40/10) specimens, adding 10% metal powder results in relatively good dispersion of 
metal particles. However, this dispersion does not fully replace the lost conductive 
microcarbon network. Consequently, the conductivity values of HAA (1.06E-04 S/cm) and 
HCA (1.33E-04 S/cm) are significantly lower than HOA (9.43E-04 S/cm), which has no 
metal filler. 

 

Figure 3. SEM of HOA composite (LLDPE/C) 

The composite's conductivity depends on the amount of conductive filler particles, 
with higher metal content providing a larger surface area per unit volume. This larger 
surface area improves metal-to-metal contacts and electrical conductivity. With a 20% 
filler loading, the HAB (1.82E-04 S/cm) and HCB (3.54E-04 S/cm) specimens show the 
highest conductivity values among the tested compositions. The HCB's conductivity is 
approximately one-third of the HOA's (9.43E-04 S/cm). These results support the 
hypothesis that a larger surface area-to-volume ratio of the filler influences conductive 
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channel formation. The HOA specimen has a larger surface area-to-volume ratio for the 
filler, considering particle size and filler density. In contrast, the HCB specimen, with a 
20% copper filler loading, shows higher conductivity than the HCA specimen. 

In the LLDPE/C-Al hybrid composite, the aluminum (Al) element shows a decrease 
in weight percentage at selected points, likely due to poor aggregation with other Al 
metals or carbon, leading to Al-Polymer-Carbon agglomeration. For the hybrid composite 
with copper (Cu) filler, the Cu element's weight percentage increases. The decrease in 
electrical conductivity is suspected to be due to unevenly dispersed conductive 
aggregates. The overall conductivity value drops significantly due to numerous 
agglomerated areas with higher resistance. 

 

Figure 4. SEM of HAA composite (LLDPE/C-Al) 

 

Figure 5. SEM of HCA composite (LLDPE/C-Cu) 



Recent in Engineering Science and Technology 2025, Vol. 03 No. 02 | https://doi.org/10.59511/riestech.v3i02.95 12 of 14 
 

 

SEM analysis of LLDPE/C-Al and LLDPE/C-Cu specimens indicates the occurrence 
of oxidation on the metal particles within the composite, leading to material degradation 
on the metal surfaces and resulting in increased contact resistance between metal fillers 
or between metal fillers and carbon. In carbon polymer composites, metal particles are 
dispersed throughout the carbon matrix. Exposure to oxygen and other reactive elements 
leads to oxidation, forming metal oxides like CuO on copper and Al2O3 on aluminum. 
Oxidation causes metals to lose electrical conductivity, as metal atoms lose electrons and 
become ions. Metal oxides on particle surfaces decrease conductivity by impeding 
electron movement and increasing surface roughness, affecting interfacial properties. 
Copper is more reactive with oxygen than aluminum, making it more prone to oxidation. 

In applications where the electrical conductivity of carbon polymer composites is 
important, steps need to be taken to prevent or minimize the effects of oxidation on the 
metal particles, such as using antioxidants in the carbon-metal composite mixture [22] or 
storing the specimens under vacuum conditions [14] to minimize oxygen exposure. 

Another factor that contributes to the decrease in electrical conductivity in 
composites is the high concentration of metal fillers. It becomes more difficult for the 
metal fillers to disperse effectively in the composite.  

A study by Nurazreena et al. (2006) found that Metal-Filled HDPE Composites with 
30% aluminum filler had lower electrical conductivity than those with 10%. Conductivity 
is influenced by the amount and dispersion of conductive fillers and their shape. Regular-
shaped fillers tend to agglomerate, reducing adhesion between the metal filler and 
polymer. Irregular-shaped fillers, like flakes, provide better conductivity due to a larger 
interfacial contact area [32]. 

The significant decrease in electrical conductivity in LDPE/C-Al (HAC) and LDPE/C-Cu 
(HCC) composites with 20% to 30% metal filler loading indicates inverse percolation. This 
occurs when the conductive filler is not well dispersed or when non-conductive regions 
hinder conductive pathways, resulting in disrupted pathways and decreased 
conductivity. Inverse percolation often happens in composites where the filler 
agglomerates or is poorly dispersed, or when there is a significant mismatch in electrical 
properties between the filler and the polymer matrix. Further research is needed to 
determine the specific point of this phenomenon. 

4. Conclusion  

Adding metal powder generally increases electrical conductivity in carbon polymer 
composites by filling voids during formation. At low concentrations (≤10%), metal fillers 
disperse well, forming conductive channels. However, beyond 10% concentration, non-
uniform dispersion and agglomeration occur, forming high-concentration aggregates that 
affect mechanical and electrical properties. Copper particles tend to agglomerate more 
than aluminum due to higher surface energy and reactivity, forming stronger bonds and 
aggregates. Additionally, copper's tendency to oxidize in air further contributes to 
agglomeration. 
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