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  ABSTRACT  

 
A novel approach was employed to develop alternative fuels by blending pyro-oil from used plastic with 

graphene, which acted as a combustion additive. The biofuels were produced through pyrolysis of high-

density polyethylene (HDPE). When evaluating the fuel blends, the fuel properties were analyzed and 

compared to commercially available diesel fuel, while Fourier transform infrared (FTIR) spectrometry 

was employed to know the fuel character. The findings demonstrate that including graphene as a 

combustion additive significantly enhances the Fuel's performance. The phenomena suggest that 

graphene effectively weakens the dispersion forces among the triglyceride molecules. Consequently, the 

droplet is easier to burn. By incorporating graphene, the alternative fuels droplet exhibits improved 

ignition properties, offering potential benefits in terms of efficiency and performance. The additive plays 

a crucial part in modifying the molecular structure of the Fuel, resulting in enhanced reactivity and 

ignition characteristics. Furthermore, the analysis of physical properties and spectroscopic data provides 

valuable insights into alternative fuels' molecular composition and behavior. 
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INTRODUCTION 

The contemporary issue of the energy crisis and 

coincidental degradation caused by the growth of 

industrial life and the global populace has become a 

pressing concern [1]–[3]. Consequently, the demand for 

environmentally friendly alternative fuels has gained 

paramount importance. 

Apart from conventional alternative energy like 

biofuels, used plastic oil (UPO) will effectively change 

into usable fuels such as fossil fuel through pyrolysis 

ways, which offers an environmentally benign solution 

[4]–[7], including many types of waste plastics already 

successfully changed into UPO and utilized in diesel 

engines [8]–[10]. 

Nevertheless, to enhance the performance of UPO, 

researchers have incorporated graphene oxide (GrO) in 

diesel fuel blends [10], [11]. These studies' outcomes 

have demonstrated that adding GrO as nanoparticles to 

diesel engines effectively enhances fuel performance 

while reducing CO2 and NOx emissions. 

In summary, the utilization of UPO in 

combination with the catalyst GrO shows promise as an 

environmentally friendly alternative fuel source. 

However, the existing research has primarily focused on 

vehicle ability, power, and speed. It has not opened the 

underlying mechanisms of GrO in the burning stages of 

UPO-based combustion vehicles to fill this void, and 

the current research utilizes a technique where a single 

droplet is ignited by combining UPO with GrO as 

nanoparticles. The molecular makeup of GrO can create 

atomic interactions and alter the arrangement of atoms, 

thereby reducing the strength of the dispersion forces 

between the triglyceride of UPO [12], consequently 

enhancing the reactivity and ignitability of the Fuel. 

Recognizing the significance of obtaining scientific 

information regarding the impact of GrO on UPO 

abilities, thus a comprehensive and detailed research 

investigation is warranted. Furthermore, the 

limitation of the study is the impact of using GrO on 

the physicochemical properties (see Table 1, Table 

2, and Figure 3) and the performance of the Fuel, 

especially about droplet evolutions and fuel ignition 

rate (see Figure 4 to 6). 

  

MATERIAL AND METHOD 

The present research employed GrO 

nanoparticles (depicted in Fig. 1) with thicknesses 

ranging from 0.8 to 1.2 nm and a Ø50 and 200 nm. 

The UPO was mixed with the GrO with a dosage 

ratio of 1 ppm catalyst to 100 ml of oil volume. The 

fuel mixture was prepared by manually shaking in a 

closed glass. 

 
Figure 1. The atomic structure of GrO 

However, the experimental setup, as illustrated 

in Figure 2. The droplet diameter ranged from 

approximately 0.6 mm to 1.1 mm. An electric coil 

heater with a diameter of 0.7 mm, made of Ni-Cr 



Ardianti, ROTOR, Volume 16 Nomor 1, Juni 2023  ISSN 1979-018X (Print) 2460-0385 (Online) 

22 

wire and measuring 30 mm in length, was used to 

supply power to the fuel droplets. The coil had a 1.02 Ω 

and operated at a 12 V with 5 A. 

 
Figure 2. The experimental apparatus. 

To determine the ignition time, the deformation of 

the droplets was recorded using a micro camera with 

100x magnification. Simultaneously, the temperature at 

the center of the fuel droplet was monitored using a 

thermocouple sensor [13]. 

RESULTS AND DISCUSSION 

Table 1 presents the test results of the primary 

nature of UPO with various blends and compared with 

those of diesel oil. Additionally, GCMS testing was 

used to identify the primary compounds within the 

carbon chain of the UPO. The results of this testing are 

presented in Table 2.  

Table 1. The main properties of UPO compared to 

diesel oil 

Components 
Diesel 

oil 

UPO without 

GrO 

UPO 

with 

GrO 

Flashpoint (oC) 57.3 42 47 

Caloric value (cal/gr) 10643 9769 9811 

Density at 15 oC 

(gr/ml) 
0.855 0.8103 

0.8401 

Viscosity at 40 oC 

(cSt) 
3.936 2.322 

2.408 

 

 

Table 2. The elements of the UPO 

Components 
Field 

(%) 

Possibility 

(%) 

Eicosanoid 3.43 98.5 

Hen-eicosanoid 3.69 94.2 

Hepta-decane 3.63 95.7 

Hexa-decane 3.49 95.8 

Nona-decane 3.68 92.3 

Octa-decane 3.06 96.5 

Pendecane 3.11 96.4 

Pentosanoid 3.05 94.7 

Tetracosanoic 4.76 97.9 

 

Furthermore, the FTIR test result in Fig. 3, it is 

demonstrating the atomic dynamics of UPO. Based on 

previous studies, it is known that when molecules 

receive heat, they vibrate and become reactive. The test 

results indicate an initial fluctuation in the 4000-3500 

wave region, suggesting that the reactivity of UPO 

with GrO is higher compared to UPO molecules 

GrO. Similarly, in the 3000-500 wave region, the 

UPO fuel molecules without the GrO catalyst 

exhibit lower transmittance (around 108% T) in 

response to IR heat, whereas the UPO fuel with the 

catalyst shows higher transmittance (around 118% 

T). 

These findings suggest that the addition of the 

GrO catalyst facilitates easier vibration and 

increased reactivity of fuel molecules. As a result, 

UPO fuel absorbs heat more readily, leading to a 

potentially shorter ignition time. Furthermore, other 

studies have explained that the presence of various 

carbon chain compounds in UPO fuel contributes to 

its flammability, as evident in Table 2. 

This analysis is made possible by the increased 

fuel mass with adding catalyst. Consequently, as the 

fuel droplets receive heat and expand, the closer 

proximity of the atomic chains increases the 

likelihood of collisions. 

 

Figure 3. The reaction of UPO to infrared (IR). 

The green line is GrO in UPO, while the gray line is 

UPO without GrO. 

 

Furthermore, the excellent superconducting 

properties of GrO as a catalyst can be attributed to 

its ability to absorb IR thermal energy, which is 

indicative of its strong magnetic properties. This can 

be attributed to the composition of GrO, consisting 

of carbon atoms with sp2 orbitals that form a 

hexagonal carbon chain bonded to each other 

through hydroxyl groups [14]–[16]. 

The unique structure of GrO enables it to 

generate strong interactions between electrons 

within the UPO. The presence of negative ions in 

hydroxyl and carboxylate groups further enhances 

these interactions, thereby increasing the mobility 

and reactivity of the fuel molecules. As a result, fuel 

droplets with GrO exhibit faster ignition timing 

compared to those without GrO, as depicted in 

Figure 4. These findings align with previous studies 

that have highlighted various beneficial physical 

properties of GrO in enhancing fuel ability, such as 

its high electron mobility, electrical conductivity, 

and thermal conductivity [17], [18]. 

Figure 4 illustrates the impact of incorporating 

GrO into UPO, as evidenced by the droplet diameter 

dynamics, ignition time, and average fuel ignition 
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rate. In general, both UPO droplets have similar ways, 

with the droplet size decreasing from approximately Ø 

2.2 mm to around Ø 1.1 mm during the heating process 

until ignition. 

 

 
Figure 4. The dynamics of UPO Droplet 

These findings show that the GrO accelerates heat 

absorption by the Fuel, resulting in faster ignition, as 

indicated by the it is time. Interestingly, although the 

fuel property tests (refer to Table 1) reveal that the 

addition of the GrO improves the fuel properties, these 

factors do not impede the ability of GrO to enhance the 

UPO's ability. However, the result demonstrates that 

UPO droplets with the catalyst have smaller diameters 

than those without the catalyst, indicating that the 

catalyzed fuels are more volatile and ignite more 

readily. 

This phenomenon is plausible due to the presence 

of various components in UPO (refer to Table 2). 

Furthermore, the fuel mass increases, and the proximity 

by GrO and UPO carbon chains becomes closer when 

GrO is added. The increased density of fuel molecules 

facilitates stronger interactions and more effective 

collisions, leading to the formation of product 

molecules and flammability. 

Consequently, the burning rate of UPO with GrO 

is better than that of UPO sans GrO. A higher ignition 

rate signifies greater fuel power, implying the potential 

for improved engine performance [19], [20]. Moreover, 

the phenomenon aligns with previous studies [21]. 

Additionally, previous research has indicated that the 

length, position, and configuration of double bonds 

have minimal effects on fuel ignition properties [22]. 

However, as depicted in Figures 5 and 6, it is 

evident that during the heating process until ignition, 

there is no bubbles are observed trapped within the 

droplet. 

 

 
Figure 5. Dynamics droplets of UPO with GrO 

 

 

 
Figure 6. Dynamics droplets of UPO without GrO 

 

Conversely, in the absence of a GrO, internal 

evaporation occurs twice, as indicated by the 

presence of trapped bubbles at different intervals of 

approximately 0.4 s. This phenomenon causes UPO 

droplets sans GrO to have a larger diameter and 

consequently take longer to evaporate and ignite 

compared to UPO droplets with catalysts. This 

analysis aligns with previous studies [23]–[25]. 

Moreover, Figure 7 shows that the viscosity of 

UPO is lower than other fuels but similar to 

kerosene. This low viscosity is a significant factor 

indicating that the diameter of UPO droplets does 

not expand at the burning stages [26]. 

 

 

Figure 7. The viscosity of UPO with various fuels 

 

CONCLUSIONS 

The investigation was conducted to examine 

the impact of utilizing GrO as a fuel additive at 

room temperature and atmospheric pressure. The 

presence of GrO increased the Fuel's mass, thereby 

promoting stronger interactions among these 

molecules, leading to a higher likelihood of effective 

collisions. This phenomenon had the potential to 

weaken the dispersion forces [27]. 

As a result, the Fuel exhibited enhanced heat 

absorption and quicker ignition when graphene 

oxide was present. This analysis is supported by the 

observation that fuel-containing GrO demonstrated a 

faster burning time and an increasing burning rate 

compared to UPO sans GrO. 

Furthermore, to continue this research in the 

future, a gap can be developed regarding the mass 

variation of GrO as a nanocatalyst and its impact on 

combustion characteristics and zoot formation. 
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