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Abstract 

This paper proposes a new ignition system for air-methane mixtures, based on the 

exposition of Multi Wall Carbon NanoTubes (MWCNTs), containing 75% in 

weight of ferrocene, to a low-consumption flash camera. The experiments were 

performed in a constant-volume chamber filled with an air-methane mixture and its 

combustion was triggered by exposing the nanotubes to the flash of a camera. 

During the experimental activity, two types of tests have been carried out. The first, 

compares the results of the combustion process varying the amount of 

nanoparticles introduced into the combustion chamber at fixed air/methane ratio; 

the second compares the results of the combustion process varying the air/methane 

ratio at fixed amount of nanoparticles. Dynamic pressure measurements show that 

the photo-ignition phenomenon takes place when a minimum amount of 

nanoparticles, equal to 10 mg (for the first tests session) is provided, and when an 

air/methane ratio not exceeding 61.5, i.e. three times higher than the stoichiometric 

(for the second test session), is used. 

These results are considered to be of great scientific importance, since the 

combustion process has been obtained igniting a mixture extremely lean: the use of 

mixtures of this type would allow to reduce pollutant emissions, such as NOx and 

particulate. 

  

Introduction 

For the internal combustion engines, the ignition system is the heart of every 

combustion process. Since many years, researchers attempt to find alternative 

systems, to conventional combustion processes, ensuring high performance and 

low emissions of pollutants, in particular nitrogen oxides (NOx), carbon monoxide 

(CO) and particulate matter. Focusing the attention on diesel engine, the air/fuel 

mixture is ignited thanks to the compression realized by the piston during the 

compression phase. The so obtained ignition process is sensitive to operating 

conditions such as ambient temperature and pressure, and, after a first fast 

combustion phase, a second, slower, follows. In gasoline engine, on the other hand, 

the ignition of a traditional air/fuel mixture is obtained by means of an electric 

spark where a relatively slow flame front originates from the spark propagates and 

burns the air/fuel mixture. An alternative technology is represented by HCCI 
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(Homogeneous Charge Compression Ignition).  HCCI is a form of alternative 

internal combustion in which a homogeneous mixture of fuel and oxidizer ignites 

when the temperature increases by the increasing of the compression phase. In this 

way, the combustion involves the whole mixture trapped into the cylinder. In HCCI 

engine, the homogeneous mixture leads to a remarkable reduction of fuel 

consumption and emissions (NOx and particulate) [2]. 

The critical point of the correct operation of a HCCI engine is the precise control of 

the auto-ignition process [3, 4], namely the control of the gaseous air/fuel mixture 

auto-ignition timing. Using control systems based on parameters influencing the 

beginning of the combustion process, it is possible to efficiently operate a HCCI 

engine; however, these controlling systems are still extremely complex and 

onerous [1]. 

In order to solve this problem, an innovative approach has been proposed in order 

to activate the combustion process, which combines optics and nanomaterials. This 

approach is based on the observation that carbon nanotubes, when exposed to a 

low-consumption light source, auto-ignite and burn [5]. Therefore, they could act 

as auto-ignition nuclei for a fuel/oxidizer mixture in contact with them. 

The present paper proposes an ignition system for an air/methane mixture, based 

on the exposition of multi-wall carbon nanotubes (MWCNTs) to the flash of a 

camera. Differently from Single Wall Carbon NanoTubes (SWCNTs), extensively 

used during the early stage of the research in this field, MWCNTs are made by 

more graphene sheets coaxially wrapped. Ajayan et al. in [6] have verified that, 

while SWCNTs samples exhibited the auto-ignition process once exposed to the 

flash of a camera, MWCNTs samples do not. The auto-ignition process with 

MWCNTs occurs, on the contrary, if the mixture is combined with metals like 

palladium, iron, nickel, cobalt, aluminum, copper, zinc, potassium, sodium and 

titanium, [7]. 

In the system proposed here, MWCNTs containing the 75% weight of ferrocene 

have been used since their cost is notably lower compared with SWCNTs. The 

auto-ignition agents have been added to the air/methane mixture afterwards 

exposed to a flash light pulse. Two types of tests have been carried out. The first 

compares the results of the combustion process varying the amount of 

nanoparticles introduced inside the combustion chamber at fixed of air/methane 

ratio; the second compares the results of the combustion process varying the 

air/methane ratio at fixed amount of nanoparticles. The idea of proposing such a 

combustion technique, applicable in the future in a real research engine, has led to 

the choice of air/methane mixtures; methane, in fact, methane is believed to play a 

very significant role in the actual and future automotive propulsion, due to its lower 

costs compared to gasoline, diesel fuel and LPG, and to the availability of bigger 

fuel supply compared to petrol. 

 

Experimental Setup 

The tests, run in a constant volume combustion chamber, aim at comparing the 
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combustion process characteristics of an air-methane mixture enriched with 

MWCNTs and ferrocene samples. In the first tests session, the comparison has 

been made varying the amount of nanoparticles introduced into the combustion 

chamber for a fixed air/methane ratio while in the second tests, varying the 

air/methane ratio for a fixed amount of nanoparticles. 

During the first tests session, the air/methane ratio has been fixed equal to the 

stoichiometric value (17.4) and the combustion process has been triggered igniting 

the samples of MWCNTs and ferrocene (1:3 ratio) provided in an amount ranging 

from 10 mg to 150 mg. During the second tests session, combustion process has 

been triggered igniting a fixed amount of nanoparticles, equal to 10 mg, but 

varying the value of λ, defined as: 
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where (A/F)act is the ratio between air and methane mass actually realized in the 

combustion chamber, while (A/F)st is the stoichiometric ratio between air and 

methane. Based on this definition, λ=1 represents an actual stoichiometric mixture, 

while λ>1 indicates a mixture as leaner as λ exceeds 1. In this work, (A/F)st has 

been fixed equal to 17.4. 

Referring back to the first session tests, the behavior of the combustion process has 

been studied at fixed λ equal to 1.02 (stoichiometric condition), varying the 

quantity of particles introduced into the combustion chamber from 10 mg to 150 

mg. 

A scheme of the experimental apparatus is reported in Figure 1. The experimental 

combustion chamber used, made of low carbon steel, has a cylindrical shape with 

inner diameter equal to 53 mm and length equal to 270 mm. The chamber is 

equipped with separate accesses for a piezoresistive pressure sensor (KELLER type 

PA-21Y/200 bar/ 81684.33/range 0-200 bar), an exhaust line and a duct for the 

air/methane mixture supply, enriched with the ignition agents. The system has a 

solenoid valve (MED type BM12) to manage the mixture amount introduced in the 

chamber in order to reach the desired pressure at the experiment onset (2.5 bar). To 

run one experiment, O2 (20%vol.) and N2 (80%vol.) have been individually 

introduced into the mixture chamber, where methane is added through a different 

duct. The amounts of the three gases has to ensure: 1) a final pressure of 6 bar into 

the mixture chamber, 2) O2 and N2 ratio equal to 1:4 and 3) a ratio between O2, N2 

and CH4 such that the desired air/methane ratio is realized. The mixture so obtained 

was heated up to 373 K by a Joule effect heater, and then introduced in the 

MWCNTs holder by a solenoid valve, and then into the combustion chamber. A 

longitudinal quartz rectangular optical access has been mounted (172 mm length x 

37 mm height x 20 mm thickness) along the chamber side, and the flash (SIGMA 

mod EF-610DGST) has been placed inside the combustion chamber. Pressure 
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signals have been sampled with a frequency equal to 2.5 kHz using a NI USB 6259 

acquisition board, and processed through the LabVIEW NI software. 

  

 
Figure 1. Scheme of the experimental apparatus used during tests 

 

Results and Discussion 

Figure 2 reports the temporal evolution of the pressure measured into the 

combustion chamber for a fixed value of λ equal to 1.02 and varying the amount of 

nanoparticles from 150 mg to 10 mg. From Figure 2 it can be observed that, 

increasing the quantity of nanoparticles exposed to the flash of the camera, the 

rising phase of the pressure evolution is the same, whereas the pressure peak 

reached during the combustion process increases. The different peak values 

achieved may be due to the fact that with a greater quantity of nanoparticles, the 

combustion process is triggered by a greater number of ignition nuclei, so 

involving a more extended area of the air/methane mixture. 

In the second test session, tests have been run comparing the combustion process 

varying the value of λ from 1 to 3.5. 

In Figure 3 combustion chamber pressure temporal evolutions are plotted. It is 

possible to see that the pressure into the combustion chamber increases from its 

initial value (2.5 bar) due to combustion development, then reaches a peak value 

and finally decreases due to heat transfer to the environment through the chamber 

walls. 

It is possible to see that as λ increases, pressure peak reached during combustion 

decreases as the gaseous fuel taking part to the combustion process decreases and 

the rising phase is slower for lean mixtures. 
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Figure 2. Combustion pressure at λ equal to 1.02 at initial pressure of 2.5 bar and 

with quantity of nanoparticles varying from 150 mg to 10 mg. 
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Figure 3. Combustion pressure with λ ranging from 1 to 3.5 at initial pressure of 

2.5 bar and with 10 mg MWCNTs and ferrocene. 
 

Conclusion 

The present paper proposes an ignition system for an air/methane mixture, based 

on the exposition of multi wall carbon nanotubes (MWCNTs) to the flash of a 

camera.  

In this work two types of tests session have been carried out and analyzed 

comparing the chamber pressure traces acquired during the combustion process. In 

the first session tests has been fixed air/methane ratio equal to the stoichiometric 

value, and the combustion process has been triggered igniting  the samples of 

MWCNTs and ferrocene with 1:3 ratio with an amount ranging from 10 mg to 150 

mg. In the second tests session, combustion process has been triggered igniting a 

fixed amount of nanoparticles equal to 10 mg but ranging the air/methane ratio 
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from 1 to 3.5. 

Dynamic pressure measurements show that the photo-ignition phenomenon takes 

place as long as a minimum quantity of nanoparticles equal to 10 mg is provided 

(in the first session tests) and using a minimum quantity of methane corresponding 

to λ equal to 3.53 (in the second test session). These results are considered to be of 

great scientific importance, since the combustion process has been obtained 

igniting a mixture extremely lean: the use of mixtures of this type would allow to 

reduce pollutant emissions, such as NOx and particulate. 

 

Nomenclature 

 

LPG  Liquified Petroleum Gas 

MWCNTs Multi Walled Carbone Nanotubes 

SWCNTs  Single Walled Carbone Nanotubes 

λ  Air-Fuel Equivalence Ratio 
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