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ABSTRACT 

Conductive ink is gaining attention in the electronics industry due to its affordability, simplicity, and environmentally friendly 
properties. This study aimed to analyze a conductive ink made with Carbon Black (CB) and Graphite (G) as fillers, with epoxy resin as 
the binder and a green co-solvent of ethanol and distilled water. Various characterization techniques were used to examine the fillers. 
X-ray diffraction (XRD) revealed that CB exhibited an amorphous region at the (002) peak around 21.1°, while G showed distinct peaks 
at 26.5° and 54.4°, indicating a well-ordered graphitic structure. UV-Vis analysis showed that both CB and G interacted with the epoxy 
matrix, with an absorption peak in the 270-280 nm range corresponding to π–π* transitions. Fourier-transform infrared (FTIR) 
spectroscopy confirmed this interaction, with the presence of hydroxyl groups (2800–3500 cm⁻¹) and carboxyl group vibrations at 
1241 cm⁻¹, indicating bonding between the polymer and filler. The dispersion of the fillers in the epoxy matrix was examined using 
Field Emission Scanning Electron Microscope (FESEM), which also assessed agglomeration. The ink's conductivity was tested 
according to ASTM F390 standards, with optimal CB loading at 4% achieving a conductivity of 4.49 × 10⁻⁵ S/m and optimal G loading 
at 3% yielding a conductivity of 7.14 × 10⁻⁵ S/m. These results indicate that G-based conductive ink with 3% loading performs better 
than CB-based ink for printed electronics applications. 
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1. INTRODUCTION 

The production of printed electronic devices, including 
displays, sensors, current collector grids, and RFID tags, has 
garnered significant attention. One major challenge in 
printed electronics is finding materials and processes that 
are both practical and eco-friendly, as many face obstacles 
preventing their use in commercial applications. A 
promising approach involves the use of conductive ink, a 
novel and cost-effective method for designing flexible 
electronics that seamlessly integrates with current 
manufacturing processes. The primary role of conductive 
ink is to serve as an interconnect, forming conductive 
regions [1]. Ideally, a high-quality conductive ink should 
exhibit excellent printability, low viscosity, stability, 
substrate adhesion, and high electrical conductivity both 
during and after printing processes. Typically composed of 
solvents, conductive fillers, and binder agents [2]. 

Epoxy resins, characterized by low manufacturing pressure, 
minimal cure shrinkage, and low residual stresses, are 
 

chosen for their unique manufacturing features [3]. With 
the appropriate curing agent, epoxy resins can be utilized 
over a broad temperature range to control cross-linking 
levels. Their appeal is further enhanced by excellent 
mechanical and adhesive properties, chemical resistance, 
and the versatility of available filler and curing agent 
options [4]. Epoxy, in its standalone form, lacks 
conductivity. Therefore, regulating the addition of 
conductive filler volume to the non-conductive matrix 
allows for a diverse range of electrical conductivities [5]. 

Carbon black (CB) is a general term for a family of small-
sized, mostly amorphous, or paracrystalline carbon 
particles that aggregate to form various sizes and shapes 
[6]. Traditionally favored as a filler in elastomers, plastics, 
paints, and printing ink, carbon black is chosen for its ease 
of preparation, resulting in cost-effectiveness and favorable 
mechanical, electrical, and optical properties [7]. The 
reinforcement effect is influenced by interactions between 
polymer molecules, carbon black particles, and the polymer 
matrix, with the degree of carbon black dispersion and  
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loading playing significant roles [6]. Although the 
conductivity of carbon black is not better than that of 
copper and silver, it can provide an effective alternative to 
electrical conductivity. 

Graphite (G), a crystalline form of the element carbon, is 
composed of layered graphene sheets. These layers exhibit 
strong atomic bonding but are connected by relatively weak 
bonds. Graphite is found in nature or can be synthesized, 
and it is commonly employed as an electronically 
conducting filler due to its cost-effectiveness and natural 
abundance [8,9]. Its low density and cost make graphite and 
carbon preferable over metallic substances for similar 
purposes. Additionally, they possess the advantage of being 
generally inert and compatible with most polymer systems. 
The electrical conduction in carbon materials occurs 
through the pi bonding system among neighboring carbon 
atoms in the carbon/graphite structure, provide the 
pathway for energy transfer. The critical aspect of 
producing a conductive polymer lies in establishing a 
continuous pathway of interconnected conductive particles 
within the polymer. 

Nanofillers have demonstrated remarkable performance 
compared to traditional fillers in enhancing conductivity at 
low concentrations. However, their tendency to clump 
together at higher concentrations, a result of strong self-
interactions, hampers their practical use [9]. Both carbon 
black (CB) and graphite tend to clump together in water-
based solvents and liquids that lack the necessary cohesive 
energies, due to their natural hydrophobic properties. [10]. 
To address this, the production of CB and G conductive ink 
involves using ethanol and distilled water as dispersing 
agents. Ethanol and water exhibit different polarities, 
enabling them to dissolve a wide array of compounds. 
Ethanol is a polar solvent, while water possesses high 
polarity due to its hydrogen bonding capabilities. This 
combination enhances the solubility of substances that 
might not dissolve well in either solvent alone [11]. The 
utilization of water and ethanol as eco-friendly solvents 
helps in reducing waste generation, offering a versatile, 
safe, and cost-effective option for various applications. 

The objective of this study is to characterize conductive ink 
composed of epoxy filled with G and CB. Various 
formulations of Epoxy-CB and Epoxy-G were synthesized 
via the green co-solvent method with different loadings 
ranging from 0% to 5%. Furthermore, the study seeks to fill 
the gap in existing research by exploring the interactions 
that arise when fillers are integrated into the resin matrix, 
motivating the initiation of this research project. 

2. MATERIAL AND METHODS 

2.1. Materials and Instrumentation 

The research utilized Bisphenol-A-(epichlorohydrin) epoxy 
resin, 3-aminomethyl-3,5,5-trimethylcyclohexylamine as 
the hardener, graphite with a particle size less than 20 µm 
acquired from Sigma Aldrich, carbon black N330 with a 
particle size of approximately 28-36 nm and a molar mass 
of 12.011 g/mol, Sodium Dodecyl Sulfate (SDS) as a 
surfactant with a particle size of around 110 µm obtained 
from R&M Malaysia, along with ethanol and distilled water. 
The instruments utilized included an X-Ray Diffractometer 
(XRD), UV-Vis Spectrophotometer, Perkin Elmer Spectrum 
RX1 Fourier-transform infrared (FTIR), Supra 55VP Field-
emission scanning electron (FESEM), and a digital 
multimeter. 

2.2. Preparation of Epoxy-CB and Epoxy-G Conductive 
Ink 

G and CB were produced with distinct formulations tailored 
to different ink categories, as detailed in Table 1 and 
Table 2. The specified amounts of G and CB were 
incorporated into their respective mixtures of Bisphenol-A-
(epichlorohydrin) epoxy resin, combined with a solvent 
mixture of ethanol and distilled water in a 2:1 ratio. 
Following the addition of SDS as a surfactant, the conductive 
ink mixture underwent mechanical stirring at 400 rpm for 
5 minutes before introducing 3-aminomethyl-3,5,5-
trimethylcyclohexylamine at a 2:1 epoxy/curing agent ratio. 
The components were then mixed using an ultrasonicator 
at room temperature for approximately 1 hour. For each ink 
formulation, some were directly analyzed with liquids, 
while the remainder were employed for film analysis. The 
produced epoxy-CB and epoxy-G inks are shown in Figure 1 
and Figure 2, respectively. 

2.3. Characterization Studies 

To analyze the crystallographic structure of the conductive 
film, XRD analysis was performed utilizing a carbon X-ray 
source with a wavelength of 1.5–1.6 Å. The size of the 
crystallites was calculated by measuring the full width at 
half maximum (FWHM). The identification of functional 
groups in the prepared conductive ink samples was carried 
out using Perkin Elmer FTIR spectroscopy. The analysis was 
conducted with a resolution of 4 cm⁻¹ within the range of 
400 to 4000 cm⁻¹. As the sample was being prepared, it was 
evaluated for film formation. The FTIR analysis was 
employed to verify the presence of dispersed CB and  
 

Table 1. Ink formulation of Epoxy-CB conductive ink 

Formulation Filler (g) Epoxy (g) Hardener (g) 

Epoxy 0% 0.0 2 1 

Epoxy-CB 1% 0.1 2 1 

Epoxy-CB 2% 0.2 2 1 

Epoxy-CB 3% 0.3 2 1 

Epoxy-CB 4% 0.4 2 1 

Epoxy-CB 5% 0.5 2 1 

 

Table 2. Ink formulation of Epoxy-G conductive ink 

Formulation Filler (g) Epoxy (g) Hardener (g) 

Epoxy 0% 0.0 2 1 

Epoxy-G 1% 0.1 2 1 

Epoxy-G 2% 0.2 2 1 

Epoxy-G 3% 0.3 2 1 

Epoxy-G 4% 0.4 2 1 

Epoxy-G 5% 0.5 2 1 
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Figure 1. Epoxy-CB conductive ink produced with 0-5% 
(from right to left) 

 

Figure 2. Epoxy-G conductive ink produced with 0-5% 
(from right to left)

G conductive fillers in the epoxy resin conductive ink. To 
assess the performance of dispersed conductive fillers, a 
UV-visible spectrometer was utilized. The absorbance mode 
was selected for measurement, and the evaluation was 
carried out within the wavelength range of 200-800 nm. 
This spectrometer proved to be an effective tool in this 
regard. FESEM was used to study the morphological 
structure of the conductive ink, with a particular focus on its 
dispersion characteristics and any potential agglomeration. 
The cross-section of the thin conductive film was prepared 
by cutting with nitrogen gas and coating it with a gold 
sputter layer for enhanced imaging clarity. 

2.4. Conductivity Test 

A digital multimeter was used to measure the conductivity 
of the conductive film, following the standard method 
outlined in ASTM F390, which is typically applied to thin 
films. The multimeter provided a real-time resistance 
reading, which was then converted into conductivity using 
Equation (1): 

σ = A/(t × R) (1) 

where R is the resistance measured by the multimeter (Ω), 
A is the cross-sectional area of the conductive film (m²), t is 
the thickness of the conductive film (m), and σ is the 
conductivity (S/m). 

3. RESULTS AND DISCUSSION 

3.1. XRD Analysis 

X-ray diffraction (XRD) is the standard method for 
investigating the microscopic structure of crystalline 
carbon materials [12]. The XRD profile in Figure 3 
illustrates the distinctive patterns of CB and G. CB is 
typically amorphous and does not have a well-defined 
crystalline structure. It is composed of small, colloidal-sized 
particles primarily consisting of carbon atoms arranged in a 
disordered or amorphous manner. In contrast to G, 
amorphous carbon does not exhibit well-defined XRD 
peaks; rather, it displays a broad and featureless XRD 
pattern, indicative of the absence of a regular crystal lattice. 
The XRD pattern of CB reveals a notable high baseline and 
broad peak width. While the (002) peak of crystalline 
graphite is typically found at a 2θ angle of 26.5°, the 
corresponding peak of CB is observed at approximately 
 

21.1°. This discrepancy suggests that the micro-crystallites 
in CB differ from those present in G [13]. In line with a study 
conducted by Nascimento et al., a lower intensity is 
observed at the peak of 22.5°, indicating the possible 
presence of amorphous regions [14]. The absence of sharp 
peaks further signifies that there is very little crystalline 
domain present in CB fillers, emphasizing their 
predominantly amorphous nature [15]. 

G, on the other hand, exhibits a well-organized crystalline 
structure. In XRD analysis, sharp diffraction peaks can be 
observed corresponding to the crystal planes of graphite. 
The most intense peak for G typically occurs at a 2θ value of 
approximately 26.5˚, corresponding to the (002) crystal 
plane [13]. The XRD pattern of G, depicted in Figure 3, 
exhibits two prominent peaks at 26.5° and 54.4°, which can 
be attributed to the (002) and (004) crystal planes, 
respectively [16]. This particular peak, notably tight and 
sharp at 2θ = 26.5°, which signifies the presence of a well-
ordered graphitic structure. The intercellular spacing 
within the crystal lattice associated with this peak is 
measured to be 3.37 Å. The XRD data shows the typical 
crystal structure of G [17]. The characteristic (002) peak 
corresponding to the interlayer spacing between the 
graphene layers within the crystal lattice of graphite, 
affirming its highly ordered and layered composition. It is 
noteworthy that the broader subpeak at 21.1˚ is attributed 
to amorphous carbon, while the narrower subpeak at 26.5˚ 
points to a structured and well-ordered configuration [18]. 
The observed peak broadening in the G XRD pattern 
suggested that the stacking of G was not well ordered [19]. 

 

Figure 3. XRD pattern of CB and G 
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3.2. UV-Visible Spectrophotometer 

This study utilized UV–Vis spectroscopy to investigate how 
conductive filler particles disperse within an epoxy matrix. 
The absorption peaks observed in a UV-Vis spectrum can 
yield insights into the bonding characteristics of a molecule. 
Specifically, the position and intensity of these absorption 
peaks can be linked to various electronic transitions, such 
as π to π* transitions (involving bonding pi to antibonding 
pi) or n to π* transitions (involving non-bonding to 
antibonding pi). The effectiveness of UV–visible 
spectroscopy in studying carbon materials is well-
established, given the distinctive absorption patterns of 
these materials in the UV spectral range [20]. The UV-
Visible spectra for epoxy and CB loadings are depicted in 
Figure 4(a). Within the UV-Vis range, epoxy displays lower 
absorbance and demonstrates the most significant shift in 
absorption wavelength within the 350-400 nm range. The 
process of epoxy polymeric substances absorbing light 
energy in the UV and visible spectra occurs when electrons 
transition from the n orbital to the π* orbital, moving from 
the ground state to higher energy states [21]. The low 
absorbance observed in the UV-Vis spectrum of epoxy is 
often attributed to the material's inherent transparency in 
both the visible and UV regions. This characteristic is 
consistent with findings from a study conducted by Mailhot 
et al., where the epoxy structure was noted to absorb light 
in the UV domain, with a peak around 340 nm [22]. 

The absorption characteristics are influenced by both the 
wavelength and the filler type. The UV absorption peak 
observed in carbon materials is caused by shifts in electrons 
between bonding and antibonding orbitals. When carbon 
materials absorb UV light, it's due to these electron shifts 
between bonding and antibonding π orbitals. The σ-σ* 
transitions usually happen in the far UV spectrum, 
approximately 60-100 nm, whereas the π–π* transitions 
occur in the range of 180-260 nm [20]. The π–π* transitions 
that result is expected to be caused by the larger surface 
area of the carbon compounds when exposed to UV light. 
Consequently, an increased absorption in the UV-visible  
 

spectra is anticipated by increasing the surface area of the 
dispersion [20]. This is evident in Figure 4(a), where the rise 
in UV–vis absorption from 0- 5% of CB can be explained by 
the total surface area of the CB aggregates following 
dispersion. Adding filler to the polymer enhances the peak 
intensity, as seen in the UV-Vis spectra of epoxy–CB. The UV-
vis spectrum reveals that the most significant shift in 
absorption wavelength occurs in the 250-260 nm range, 
suggesting that polymeric materials undergo carbonization 
when exposed to radiation. The transition of the absorption 
edge from UV to the visible spectrum is likely due to an 
expansion in the length of conjugated structures [21]. 

The UV–Vis spectroscopy analysis of the G sample is 
depicted in Figure 4(b). The dispersion of G at various 
loadings exhibited a typical absorbance peak around 
264 nm, characteristic of the π-plasmon absorption of G in 
the UV region. The peak observed at 264 nm is a result of 
the combined π-π* electronic transition of the closely 
packed aromatic rings within the graphene sheet [23]. The 
absorbance of G increased with higher loading content, 
indicating greater absorption of UV light by well-dispersed 
graphite flakes and sheets. This phenomenon suggested the 
existence of smaller and thinner graphite sheets and flakes, 
which had separated from the bulk graphite during the 
mechanical mixing process [24]. This observation aligns 
with the findings of Senthil et al. [25]. The dispersed G 
within the epoxy demonstrated the ability to interact with 
incident light, enhancing absorption through electronic 
transitions within the graphite structure. The absorbance 
may originate from conjugated aromatic systems within the 
graphite structure or any functional groups attached to 
graphite. Aromatic systems, such as benzene rings or 
polycyclic aromatic hydrocarbons (PAHs), can contribute to 
increased absorption in the UV region [26]. 

3.3. Fourier Transform-Infrared Spectroscopy (FTIR) 

FTIR analysis was employed to identify functional groups in 
the sample and confirm the interaction between epoxy and 
conductive fillers. Figure 5 displays a comparative FTIR 
 

 
(a) 

 
(b)

Figure 4. UV-Vis spectra of (a) CB loadings and (b) G loadings
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spectra of pure epoxy, pure CB, and pure G. The spectrum of 
pure epoxy resin displays typical absorption bands that are 
commonly found in a bisphenol-A-(epichlorohydrin) epoxy 
resin. There is a noticeable absorption band representing 
the OH bond, visible between 3500 and 2800 cm-1, with a 
weak peak at 3664 cm-1 indicating stretching vibrations of 
"free" O-H groups. However, this peak is relatively small due 
to the limited number of OH groups present in the resin 
molecule. [27]. The 1250-1000 cm-1 range exhibits aliphatic 
C-O stretching and the aromatic ether group C-O-C of the 
epoxy ring. In the 1600-1400 cm-1 range, a peak 
corresponds to C=C stretching vibrations. The absorption at 
2970 cm-1 is due to C-H vibrations, while the 826 cm-1 band 
corresponds to the distinctive out-of-plane bending 
vibration of C-H within the benzene ring. Importantly, the 
absence of residual absorption at 3380 cm-1 (NH2) in the 
pure epoxy spectrum suggests that all the amine groups 
have undergone reaction during the curing process [22]. 

While, in pure CB, the hydroxyl groups present in the 
material produce -OH stretching vibrations, represented by 
the band at 3085 cm-1. The peaks at 2736 cm–1, 1785 cm–1, 
and 1630 cm-1 correspond to -CH vibrations, C=O stretching, 
and C=C stretching, respectively, indicating the activation of 
CB in the area [28]. The peak observed at 1208 cm-1 in the 
IR spectrum is attributed to the stretching of C-O bonds. 
Through FTIR analysis, this study suggests that CB contains 
both hydroxyl (–OH) and carboxyl (–COO−) functional 
groups [29]. In FTIR spectra G, a vibration related to -CH 
occurs at 2974 cm−1. Additionally, other peaks are 
noticeable, such as C=C stretching vibrations at 1623 cm−1, 
C-C at 1457 cm−1, and C–O stretching vibrations at 1259 
cm−1.These peaks are not prominent due to their low 
transmittance compared to epoxy. 

The FTIR results depicted in Figures 6(a) and (b) elucidate 
the characteristics of pure epoxy as well as epoxy reinforced 
with varying concentrations of CB and G. Notably, there is 
no emergence of new peaks following the reinforcement by 
both CB and G fillers. Furthermore, there is an absence of 
peak shifts, and the intensity of all composite peak 
characteristics increased as the concentration of filler 
content increased. In the bonding mechanism, amine-cured 

epoxy resins predominantly form bonds with the surface of 
carbon fillers through hydrogen interactions. These 
interactions take place between the amino or epoxy groups 
of the polymer and the hydroxyl or carboxyl groups of the 
filler. The interface between the filler and resin suggests 
possible molecular arrangements for these hydrogen and 
covalent bonds, as suggested by Horie et al. in 1976 [30]. 
The presence of hydroxyl groups, observed in the band 
between 2800 cm⁻¹ and 3500 cm⁻¹, and the formation 
vibration of the carboxyl group at 1241 cm⁻¹ support the 
establishment of these bonds. With the addition of fillers, 
the intensity of the carboxyl group increases, indicating the 
formation of covalent bonds. Analyzing particular peaks, the 
region from 1600 to 1400 cm⁻¹ is linked with the stretching 
vibrations of C=C in vinyl ether and C–C stretching in an 
aromatic ring. Meanwhile, the spectral range from 1250 to 
1000 cm⁻¹ is associated with the C-O-C stretching vibrations 
of an epoxy group. This spectral analysis affirms the 
successful incorporation and bonding of both CB and G 
fillers with the polymer matrix. However, in the case of CB 
filler, as shown in Figure 6(a), the signal for 5% loading 
content is diminished. This reduction is likely attributed to 
the size of CB, which might have led to a reduction in both 
the pore volume and surface area of the polymer matrix, as 
suggested by Zappielo et al. in 2016 [31]. 

 

Figure 5. FTIR spectrum for pure epoxy, pure CB and pure G 

 
(a) 

 
(b)

Figure 6. FTIR spectrum of various loadings of (a) CB and (b) G
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3.4. Field Emission Scanning Electron Microscope 
(FESEM) 

Figure 7 shows FESEM cross-sectional images of fractured 
neat epoxy, Epoxy-CB, and Epoxy-G conductive films, all 
taken at the same magnification to examine the internal 
distribution of conductive particles within the epoxy matrix. 
In the neat epoxy sample, which contains no fillers, the 
fracture surface appears smooth, as shown in Figure 7(a), 
highlighting the brittle nature typical of epoxy resin. This 
smoothness is a characteristic feature of neat epoxy 
morphology, indicating low fracture toughness [32]. 
Conversely, when the epoxy is reinforced with fillers, the 
fracture surfaces tend to appear rougher or more textured, 
reflecting an increase in fracture toughness. This textured 
morphology suggests that the fillers enhance energy 
dissipation and crack resistance, thereby improving the 
material’s durability and structural performance. 

The FESEM images of Epoxy-CB shown in Figures 7(b) and 
(c) display typical spherical CB particles that form larger 
chain-like or fractal aggregates. This observation indicates 
a natural tendency for clustering due to intermolecular 
forces, such as hydrogen bonding. The influence of surface 
functional groups, including hydroxyl, carbonyl, and 
carboxyl, is supported by FTIR data [33]. At lower 
concentrations of CB (Figure 7b), the dispersion appears 
more irregular, with clusters forming inconsistently 
throughout the matrix. In contrast, the Epoxy-CB sample at 
4% concentration (Figure 7c) exhibits a relatively uniform  

 
distribution, with particles organized into a continuous 
conductive network [34]. This homogeneous dispersion 
likely enhances conductivity by maximizing the contact area 
between the CB particles and the epoxy, thereby promoting 
bridging networks that facilitate electron transfer. These 
findings suggest that a 4% CB concentration is optimal, 
providing adequate distribution without leading to 
excessive aggregation, which could otherwise hinder the 
material's conductive properties [35]. 

The morphology of G exhibits a distinctive flake-like 
structure with uneven formation [34]. As shown in Figure 
7(d), at a G content of 1%, the dispersion of G within an 
epoxy polymer matrix is poor, leading to the stacking of 
graphene platelets due to their insolubility in the matrix and 
the strong Van der Waals forces between layers. In contrast, 
when the G content is increased to the optimal level of 3%, 
the graphene flakes do not adhere to one another; instead, 
they are embedded within and adhere to the matrix, as 
illustrated in Figure 7(e) [36]. This enhanced distribution is 
likely a result of the mechanical mixing process, which uses 
shear stresses to reduce the lateral dimensions of the 2D 
filler and exfoliate the graphene, resulting in thinner 
structure [37]. Figure 7(e) indicates that a higher G content 
improves the contact between conductive fillers, thereby 
enhancing conductivity. However, slight agglomeration 
begins to occur when the filler content exceeds 3%, which 
could negatively impact dispersion and stability in 
conductive inks. 

 

   

(a) (b) (c) 

 

  

(d) (e) 

Figure 7. FESEM micrographs of conductive ink (a) Neat Epoxy (b) Epoxy-CB 1% (c) Epoxy-CB 4% (d) Epoxy-G 1% (e) Epoxy-G 3% at 
2500X magnification
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3.5. Conductivity Performance 

The electrical characteristics of the samples were evaluated 
using a two-point probe method with a digital multimeter. 
Bulk resistivity values were manually recorded from live 
multimeter readings. These resistance measurements were 
then converted to resistivity, and conductivity was 
subsequently calculated using Equation 1. Tables 3 and 4 
present the multimeter resistance readings along with the 
average thickness of all film samples. As conductivity and 
resistivity is inversely related, a decrease in resistivity 
corresponds to an increase in conductivity, and vice versa. 

The graphs depicted in Figure 8 and Figure 9 show the 
correlation between the resistivity and conductivity of CB 
loading and G loading respectively. The resistance of the 
control sample without any filler is significantly low, 
displaying "OL," which likely indicates that the measured 
value exceeds the maximum range that the multimeter can 
display. As the concentration of Epoxy-CB increases from 
0% to 4%, conductivity gradually rises from 0 S/m to  
 

 
4.49 × 10-5 S/m. The trend illustrates in Figure 8 
demonstrate how CB loading enhances the conductivity of 
the epoxy matrix. At low concentrations, CB particles are 
too dispersed to form continuous conductive paths, 
resulting in low conductivity. The epoxy matrix maintains a 
stable dispersion of particles, with no clustering observed, 
as shown in Figure 7(a). As the concentration increases, the 
particles come closer together, forming continuous 
networks or clusters. At 4% CB loading, the optimum 
loading is reached, resulting in a sudden decrease in 
resistivity and yielding the best electrical performance at 
4.49 × 10-5 S/m. Beyond this optimal point, there is a slight 
decrease in conductivity due to the transition from 
dispersed to agglomerated CB particles, as shown in Figure 
7(c) [38]. Agglomerates form as CB particles cluster due to 
van der Waals forces, indicating poor dispersion between 
the epoxy and CB fillers [39]. At 5% CB loading, resistivity 
peaks, resulting in the highest resistivity and lowest 
conductivity among all CB-reinforced samples, likely due to 
the agglomeration phenomenon.

Table 3. Resistance reading, thickness and conductivity of Epoxy-CB loadings 

Formulation Resistance (M) Thickness (m) Conductivity (S/m) 

Epoxy 0% OL 8.1 × 10-4 ± 0.5 0 

Epoxy-CB 1% 2.792 7.0 × 10-4 ± 0.5 2.05 × 10-5 

Epoxy-CB 2% 2.361 7.2 × 10-4 ± 0.5 2.35 × 10-5 

Epoxy-CB 3% 2.224 7.2 × 10-4 ± 0.5 2.50 × 10-5 

Epoxy-CB 4% 1.273 7.0 × 10-4 ± 0.5 4.49 × 10-5 

Epoxy-CB 5% 1.701 7.6 × 10-4 ± 0.5 3.09 × 10-5 

 
Table 4. Resistance reading, thickness and conductivity of Epoxy-G loadings 

Formulation Resistance (M) Thickness (m) Conductivity (S/m) 

Epoxy 0% OL 8.1 × 10-4 ± 0.5 0 

Epoxy-G 1% 2.651 6.8 × 10-4 ± 0.5 2.22 × 10-5 

Epoxy-G 2% 1.857 6.9 × 10-4 ± 0.5 3.12 × 10-5 

Epoxy-G 3% 0.778 7.2 × 10-4 ± 0.5 7.14 × 10-5 

Epoxy-G 4% 0.962 7.4 × 10-4 ± 0.5 5.62 × 10-5 

Epoxy-G 5% 1.082 7.5 × 10-4 ± 0.5 4.93 × 10-5 

 

Figure 8. Resistivity vs conductivity using multimeter of Epoxy-
CB 

 

Figure 9. Resistivity vs conductivity using multimeter of Epoxy-G
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The same trend is observed for G filler particles in Figure 9, 
where the optimal conductivity level is attained at a loading 
of 3%, resulting in a value of 7.14 × 10⁻⁵ S/m. At this ideal 
concentration, the dispersion of G within the epoxy matrix 
is adequate, as indicated by the thinner structures of the G 
platelets, which do not appear to be stacked together, as 
shown in Figure 7(e). According to Yan et al., the high 
surface area-to-volume ratio of graphite promotes 
increased contact points between graphene sheets and the 
epoxy matrix, enhancing electron transfer [40]. However, 
conductivity decreases at 4% and 5% loading of Epoxy-G, 
likely due to agglomeration phenomena within the epoxy 
matrix. Cilento et al., note that excessive G loading can 
disrupt the continuity of the epoxy matrix [41]. G particles 
can create holes, voids, or defects that impede electron flow, 
thereby reducing overall conductivity. As G loading 
increases, achieving an even dispersion of the particles 
becomes more difficult. Poor dispersion and uneven 
distribution lead to increased electron scattering, ultimately 
diminishing the effective conductivity of the composite. A 
homogeneous dispersion of G within the epoxy matrix is 
crucial for achieving excellent conductivity, as it enables the 
G particles to maintain close contact with one another. 

4. CONCLUSION 

In conclusion, this study provides a comprehensive analysis 
of the characterization of different carbon black and 
graphite loadings ranging from 0% to 5% in epoxy resin 
conductive ink. The presence of CB and G in epoxy resin was 
determined through XRD, FTIR, and UV-Vis analyses. From 
the XRD analysis, the (002) peak for CB is situated around 
21.1°, indicating the possible presence of amorphous 
regions. This confirms the structure of CB, as CB is typically 
amorphous and does not have a well-defined crystalline 
structure. Graphite, on the other hand, exhibits a well-
organized crystalline structure. The XRD pattern of graphite 
shows two strong peaks at 26.5° and 54.4°, which are 
attributed to the (002) and (004) crystal planes, indicating 
the existence of a highly organized graphitic arrangement. 
The UV-Vis analysis revealed an interaction between the 
epoxy matrix and both conductive fillers, CB and G, as 
evidenced by an absorption peak in the 270-280 nm range, 
attributed to π–π* transitions. The UV absorption peak 
found in carbon materials arises from transitions between 
bonding and antibonding orbitals of electrons, commonly 
detected at approximately 280 nm. FTIR testing further 
confirmed the interaction between epoxy and carbon 
conductive fillers. The interactions are expected to occur 
between the amino or epoxy groups of the polymer and the 
conductive fillers through the hydroxyl or carboxyl groups. 
The presence of OH groups, observed in the band between 
2800 cm⁻¹ and 3500 cm⁻¹, and the vibrational formation of 
the carboxyl group at 1241 cm⁻¹ support the establishment 
of these bonds. FESEM was utilized to analyze the internal 
distribution of conductive particles within the epoxy matrix. 
A uniform dispersion of conductive fillers within the matrix 
was found to enhance conductivity. It was determined that 
a CB loading of 4% provided optimal performance, 
achieving the highest conductivity of 4.49 × 10-5 S/m as 
measured by a multimeter. Similarly, a graphene G content 
of 3% was found to be optimal, yielding a peak conductivity  
 

of 7.14 × 10-5 S/m. Therefore, the G filler with a 3% loading 
was determined to be the best option compared to the CB, 
offering both enhanced conductivity and a more 
homogeneous distribution. 
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