
Please cite this article in press as: Primiceri, P., et al. Photo-induced ignition phenomenon of carbon nanotubes by Xenon pulsed light:
Ignition tests analysis, automotive and new potential applications, future developments. Journal  of  Applied  Research  and  Technology  (2017),
https://doi.org/10.1016/j.jart.2017.08.001

ARTICLE IN PRESSModele +
JART-164; No. of Pages 15

Available  online  at  www.sciencedirect.com

Journal  of  Applied  Research
and  Technology

www.jart.ccadet.unam.mxJournal of Applied Research and Technology xxx (2017) xxx–xxx

Original

Photo-induced ignition phenomenon of carbon nanotubes by Xenon pulsed
light: Ignition tests analysis, automotive and new potential applications,

future developments
Patrizio Primiceri, Roberto de Fazio, Luciano Strafella, Antonio Paolo Carlucci, Paolo Visconti ∗

Department of Innovation Engineering, University of Salento, 73100 Lecce, Italy

Received 1 March 2017; accepted 3 August 2017

Abstract

The possibility to use carbon nanotubes (CNTs) enriched with a certain amount of metal nanoparticles for photo-inducing the combustion of
liquid fuel sprays, gaseous and solid fuels was investigated in different research works. CNTs photo-ignition phenomenon has been used to trigger
the combustion of different fuel typologies, demonstrating better features compared with those obtained by employing a traditional spark-plug.
These improvements are due to the presence of distributed ignition nuclei inside the combustion chamber, so obtaining better values of the peak
pressure, ignition delay and combustion duration. In this work, the CNTs photo-ignition phenomenon has been analyzed in order to find the
minimum energy values needed to trigger the ignition, by varying the light pulse parameters and the nanoparticles concentration, Multi Wall CNTs
(MWCNTs) – ferrocene, by weight. Afterwards, the results of combustion processes, triggered by using the nanoparticles, are shown comparing
them with those obtained by means the spark plug and with results already published related to other fuel typologies. Hence, an overview of the
possible applications of this photo-ignition phenomenon, beside that of the automotive field, is presented, also considering the disadvantages of
the Xe-lamp based triggering system. Therefore, after a critical discussion on the light source typology until now used (Xenon lamp), by reporting
the possible contraindications deriving from the use of this light source in most of the applicative fields, a solution is here proposed. It involves
the substitution of the Xe lamp with LED sources, showing also the related experimental setup. This solution is also strengthened by the our
experimental observations of CNTs photo-ignition by using high-power white LEDs as light source, never reported up to now in the literature, and
by better characteristics of adaptability, robustness, easy driving and benefits provided by the LEDs rather than the Xenon lamp.
© 2017 Universidad Nacional Autónoma de México, Centro de Ciencias Aplicadas y Desarrollo Tecnológico. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.  Introduction

The CNTs photo-ignition was discovered accidentally by
exposing a sample of Single Wall (SW) CNTs, with added 50%
by weight of metal impurities, to the flash of an ordinary camera.
Since then, several studies have been carried out for better clari-
fying the photo-ignition process, characterizing the phenomenon
in terms of needed luminous energy levels, by varying the con-
centration by weight between CNTs and metal nanoparticles, the
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spectral range of the used light source (Xenon lamp) and other
parameters involved in the photo-ignition process such as, for
example, light pulse duration. Beside these characterizations,
studies on the possible application fields in which the CNTs
photo-ignition can be employed were carried out giving as result
a wide variety of applications, from automotive, to aero-spatial
rockets and energetic materials. Relatively to the automotive
field, the internal combustion engine, one of the more promis-
ing engine typologies, arouses particular interest in the scientific
community. Hence, innovative solutions for combining high per-
formance, in terms of engine power and fuel consumption and
at the same time, low pollutants emissions, are the subject of
numerous research studies. An example of this motor typology is
the Homogeneous  Charge  Compression  Ignition  (HCCI) engine,
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also indicated with CAI  (Controlled  Auto-Ignition) (Carlucci,
Ciccarella, & Strafella, 2016; Chehroudi, 2012a; Zhao, 2007).
The HCCI  engine offers significant improvements relatively to
the fuel consumption and a drastic reductions of emissions of
nitrogen oxides (NOx) and soot, combining the best properties
of gasoline and diesel engines (Johansson, 2007).

However, in the HCCI engines, the control of combustion pro-
cess presents some difficult related to the instant in which the
combustion process starts; in fact, it depends on the temperature,
pressure level and on the air-fuel mixture inside the combustion
chamber (Carlucci, Laforgia, Motz, Saracino, & Wenzel, 2014).
In order to overcome these issues, an innovative solution con-
cerns the use of nanoparticles for triggering the ignition and thus
the combustion with a precise temporal control on the combus-
tion process. Moreover, by using the nanoparticles, it is possible
to obtain a distributed and controlled ignition inside the com-
bustion chamber; on the contrary, if the spark plug is used the
ignition is triggered in a single point with consequent flame front
propagation (Carlucci & Strafella, 2015; Chehroudi, Vaghjiani,
& Ketsdever, 2009).

In this research work, the CNTs photo-ignition process was
analyzed; by using a Xenon lamp, varying the emitted luminous
intensity value and the light pulse duration by means of suit-
able Xenon lamp driving boards, the minimum ignition energies
were obtained for different concentration by weight of the used
nanoparticles (i.e. MWCNTs and ferrocene). Furthermore, a par-
ticular phenomenon was investigated regarding the decrease of
the ignition thresholds by applying two consecutive flashes to
the same sample.

Afterwards, the nanoparticles were used, in a proper realized
experimental setup, for triggering the combustion of differ-
ent gaseous fuels, CH4, LPG and H2, comparing the resulting
combustion processes with those obtained using a traditional
spark-plug. The results show that the combustion processes
present higher peak pressure, lower ignition delay and com-
bustion duration respect to those triggered by spark. In addition,
it was verified that the achieved results are in agreement with
those already present in literature; in fact, by comparing the dif-
ferent parameters of the combustion processes with those of
other research works, it is possible to notice that the use of
nanoparticles improves the combustion features regardless of
the used fuel typology. After the analysis of results achieved
by employing CNTs inside the combustion chamber as ignition
agents for triggering the gaseous fuel combustion, an overview
on the possible applications of the photo-ignition phenomenon
is presented. Many application fields were investigated and stud-
ies/works of different research groups are reported for clarifying
how the nanoparticles can be employed for the specific applica-
tion and what may be the possible future applications. Finally, we
suggest a further innovative application related to the periodic
clean, by using the CNTs photo-ignition, of vehicles catalytic
converters; in fact, on this topic, there are numerous studies in
literature.

For concluding, we present the disadvantages related to the
use of a Xenon lamp in this type of applications. After the anal-
ysis of the technical limitations of the Xe lamp, we propose
an innovative solution based on the use of another light source

typology, i.e. LEDs source, being huge the developments and
technological advances related to the production of such devices.
Hence, an experimental apparatus which employs LEDs cou-
pled with optical fibers, in place of the Xe lamp, is proposed,
showing also the first experimental results concerning the CNTs
photo-ignition by using LED devices as light source.

2.  Materials  and  methods

In this paragraph, it is reported a characterization of the
MWCNT/ferrocene ignition process, in terms of the required
minimum ignition energy (MIE) of Xe light pulse, for differ-
ent concentrations by weight of the mixture itself; subsequently,
the mixture behavior when subjected to two light pulses, one
after the other, will be discussed. The carried out experimental
tests (experimental setup shown in Fig. 1b) concerned the photo-
induced ignition of MWCNTs/ferrocene mixtures (an amount of
∼6.5 mg) by varying mixture’s weight ratio and Xe light pulse
time duration and luminous intensity applied on the sample, in
order to find the energy threshold value for each weight ratio.
The luminous energy emitted by the 50J Xe flash lamp was mea-
sured by using the light energy meter (model PM100D, shown
in Fig. 1a) and the pyroelectric sensor (model ES145C), both
provided by Thorlabs, with a distance lamp-sensor of 4 mm (as
shown in Fig. 1c); then, each time, the pyroelectric sensor was
replaced with the MWCNTs/ferrocene mixture (Fig. 1d) pre-
serving the same distance lamp-sample to perform the ignition
test.

2.1.  Photo-ignition  tests  of  CNTs/ferrocene  mixtures  by  Xe
pulsed light

The photo-ignition tests were performed making use of prop-
erly realized driving boards; in particular of the driving board
that employs an IGBT switch for adjusting the pulse time length
as function of the signal applied to the IGBT gate and afterwards
of the ac-powered driving board characterized by the absence
of a storage capacitor. This last, by acting on a potentiome-
ter, allows to regulate the luminous energy emitted by the lamp
(Visconti et al., 2016). In the first tests campaign the driving
board with the IGBT was employed; it was triggered by a pulsed
signal coming from a PC and was provided of a potentiometer
(RPOT) used to adjust the desired time duration of the light pulse
(Primiceri, Visconti, Longo, Tramis, & Carlucci, 2016). The
luminous energy was determined as average of four measured
energy values, each flash repeated after 10 s (to give enough time
for fully recharging of storage capacitor).

From measured energy values, captured by the whole sensor
area (15.9 cm2), able to ignite the MWCNT/ferrocene mix-
tures with different weight ratio, the luminous energy density
(mJ/cm2) was calculated. As result of photo-ignition tests,
Table 1 reports the obtained minimum ignition energy (MIE) and
the relative standard deviation, together with the RPOT poten-
tiometer value and the related pulse time length. The ignition
tests started with a pulse energy well below that required for
ignition and then it was progressively increased with small
steps (arising the potentiometer value of 0.5 k�  each time) until
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