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The development of carbon nanocomposite materials to mitigate lightning strike

damage in aircraft structures

By Miss. Patcharaporn Boonchoo

Miss. Jirunthanin  Phakuga

Abstract

Sugarcane is a vital economic crop in Thailand, widely cultivated and processed
into sugar annually. One of the by-products of sugar production is bagasse, a fibrous
residue often used as biomass fuel or discarded as waste. This research aims to add
value to bagasse by studying and developing a process for synthesizing carbon
nanotubes (CNTs) from bagasse using the Chemical Vapor Deposition (CVD) method at a
temperature of 800°C. The study compares the properties of CNTs synthesized from two
areas within the process: the ceramic boat and the tube wall. Furthermore, it investigates
the effect of incorporating CNTs derived from bagasse into epoxy resin on the material's
electrical properties, particularly electrical resistance and breakdown voltage, for the
development of high-performance nanocomposites for lightning protection applications.
The CNTs were synthesized using the CVD method, employing biochar derived from
bagasse as the precursor, ferrocene as the catalyst, camphor as the carbon source, and
nitrogen gas as the carrier atmosphere. The synthesized CNTs were collected from two
regions: the inner wall of the tube and the ceramic boat. Characterization was performed
using Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDS),
and Raman Spectroscopy. The CNTs from the tube wall exhibited a long, uniform

structure with a high carbon content of 93.36% and an ID/IG ratio of 0.864, indicating



higher purity than those obtained from the ceramic boat, which had a carbon content of
92.58% and an ID/IG ratio of 0.942. The CNTs were then mixed with 0.75 grams of epoxy
resin at various concentrations—0.01, 0.05, 0.1, and 0.15 grams—and coated onto CFRP
sheets. In total, 27 samples were prepared, including three samples of pure epoxy resin
and 24 composite samples containing CNTs from either the ceramic boat or the tube
wall, each at the four concentration levels. Optical Microscopy (OM) was used to observe
the dispersion of CNTs within the epoxy matrix. The results showed that CNT dispersion
improved with increasing concentration, with CNTs from the tube wall displaying more
uniform dispersion and less agglomeration compared to those from the ceramic boat.

The breakdown voltage of the samples was tested using an Impulse Voltage Generator
with a voltage range of 1-30 kV. The pure epoxy resin samples had breakdown voltages
of 7.44, 7.36, and 7.44 kV. For the samples with CNTs from the ceramic boat, breakdown
voltages at 0.01 grams were 8.24, 13.60, and 9.00 kV; at 0.05 grams were 8.20, 9.20, and
7.44 kV; at 0.10 grams were 7.84, 7.60, and 8.80 kV; and at 0.15 grams were reduced to
4.48, 4.16, and 6.80 kV. In contrast, samples with CNTs from the tube wall exhibited
breakdown voltages of 5.20, 5.36, and 4.96 kV at 0.01 grams; 4.96, 5.04, and 5.20 kV at
0.05 grams; 5.04, 4.08, and 4.88 kV at 0.10 grams; and 4.50, 3.84, and 4.80 kV at 0.15
grams. The findings indicate that the addition of CNTs can reduce electrical breakdown
damage and that impedance decreases with increasing frequency. These characteristics
demonstrate the potential of CNT-based nanocomposites for use as efficient materials in

lightning protection systems.



