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Conductive polymer nanocomposites for 

LSP

Unfilled CFRP CFRP + GNP CFRP + GNP/CNT

de Oliveira, M. M. et al. ACS Omega 35567-35578 9 (33) (2024)

Copper mesh

(200 g.m-2)

Carbon

nanoparticles

Larsson, A. Comptes Rendus Phys.

3, 1423ï1444 (2002)

Gagn®, M. et al. Prog. Aerosp. Sci., 

v. 64, p. 1ï16, 1 (2014) 

F
ib

e
r 

b
re

a
k
a

g
e



4

Nanoparticles as additives in the matrix

Unfilled CFRP CFRP + GNP CFRP + GNP/CNT
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de Oliveira, M. M. et al. ACS Omega35567-35578 9(33) (2024)
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Conductive polymer nanocomposites for 

LSP

Multifunctional coatings
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Interpenetrating polymer networks (IPNs)

RIPS

+

+

Farooq, U. et al. Polymers, 1908, 12(9) (2020).

Surendran, A. et al. Soft Matter, 3363-3377, 16(14) (2020).

Reaction-induced phase separation
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Interpenetrating polymer networks (IPNs)

RIPS

+

+

Farooq, U. et al. Polymers, 1908, 12(9) (2020).

Surendran, A. et al. Soft Matter, 3363-3377, 16(14) (2020).

Reaction-induced phase separation

Molecular-level mixing ŷ toughness

ŷ thermal stability



8

Nanoparticle - Epoxy

RIPS

+

+

Farooq, U. et al. Polymers, 1908, 12(9) (2020).

Surendran, A. et al. Soft Matter, 3363-3377, 16(14) (2020).

Interpenetrating polymer networks (IPNs)
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Non-connected network

Ma, P. -C. et al. Compos. Part A Appl. Sci. Manuf. 41, 1345ï1367 (2010).

wLt{
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+

Farooq, U. et al. Polymers, 1908, 12(9) (2020).

Surendran, A. et al. Soft Matter, 3363-3377, 16(14) (2020).

Interpenetrating polymer networks (IPNs)

Nanoparticle - Epoxy
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Nanoparticle-Epoxy

RIPS

+

+

Farooq, U. et al. Polymers, 1908, 12(9) (2020).

Surendran, A. et al. Soft Matter, 3363-3377, 16(14) (2020).

Interpenetrating polymer networks (IPNs)

Larsson, R. et al. Compos. Sci. Technol., 256, 110761 (2024)  

Ma, P. -C. et al. Compos. Part A Appl.Sci. Manuf.41, 1345ï1367 (2010).
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Connected network 

through selective
localization

Double -percolation

Ma, P. -C. et al. Compos. Part A Appl. Sci. Manuf. 41, 1345ï1367 (2010).

RIPS

+

+

Farooq, U. et al. Polymers, 1908, 12(9) (2020).

Surendran, A. et al. Soft Matter, 3363-3377, 16(14) (2020).

Interpenetrating polymer networks (IPNs)

Nanoparticle - IPN
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EF- and MF-assisted alignment

Ghai, V. et al. Adv. Funct. Mater. 2406875 (2024)

Huynh, M. T. T. et al. Compos. Sci. Technol., 

154, 165ï174 (2018)
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Materials and sample preparation

Graphene nanoplatelets (GNP)

Polyetherimide (PEI) Ultem® 1000

Epoxy resin

(DGEBA)

Curing agent

(MTHPA)

Semi -IPN matrix

Thermoplastic

Thermoset
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EP/PEI semi -IPNs

500 µm

240 s 300 s 600 s

500 ɛm

трл ǎ

Dispersed

PEI-rich phase

Co-continuous

Phase-inverted

PEI content
Reaction time

(20 PHR, 110 °C)

110 °C

Final morphology
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Selective localization

Thermodynamics

‫ ρ
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Secondary phase separation

SEM

5 ɛm

EP-rich

PEI-rich

10 ɛm

SEM (fracture)
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Secondary phase separation

IPN20 GNP 1.0 wt.%

2.5 ɛm
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Impact strength ïIPN matrix
IPN15

IPN10
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Impact strength ïeffect of GNP

Improved impact strength at the same electrical conductivity level



3SIMULATED 

LIGHTNING STRIKE
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Coating prep

350 × 350 × 3.4 mm

12 layers

0/90º

Coating thickness: 250 µm
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Simulated lightning strikes

Ångstromlaboratoriet
    20 us     40 us     60 us     80 us    100 us

    10 kA

    20 kA

    30 kA

    40 kA

    50 kA

    60 kA

   -10 kA

   -20 kA
CH2 : (Current)  Shunt:5.000 mOhm (int.75 Ohm terminated)  Level:100%  Sampling:125.00 MS/s  Range:±500.0 Vp  Trigger:Level 10%  

No. 3
ECI
Ipk : 58.785 kA
T1 : 8.486 us
T2 : 22.830 us

1

60 kA

T1/T2 = 8/20 µs

Unprotected
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CFRP Cu-mesh

EP/GNP IPN/GNP

UV-VIS surface imaging

Cu-meshCFRP

EP/GNP IPN/GNP

Front Back

UV VIS

UVVIS UV VIS

UV VIS
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Ultrasonic C -scan

= Delamination
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Ultrasonic B -scan
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Why did it go wrong? 

Nano

coating
No

coating

Despite the coating successfully

diverting part of the electrical

current along the surface, the

unforeseen entrapment of

pyrolysis gases led to a pressure

buildup within the laminate, 

increasing the damage depth.



4 EF-INDUCED 

ALIGNMENT
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Alignment setup

Multimeter

AC function generator

+ 30 V- 30 V

~ 20 V p-p
10 kHz

SAMPLE
~ 60 V p-p
10 kHz

AC setup RMS

DC power supply

30.030.0

4.5 kɋ
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GNP alignment under AC/DC EF

Power supply

GnP 0.75% 20 PHR @ 110ºC

Migration60 V DC Uniform 

alignment
60 V AC (p -p) 

Au-sputtered

electrodes

0.5 mm

0.5 mm
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GNP alignment under AC EF Semi -IPN matrix
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GNP alignment under AC EF  - epoxy matrix

Chain formation under AC EF for EP GNP 0.5%

AC electric field direction
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GNP alignment under AC EF  - epoxy matrix

Optical microscopyïtop view

100 ɛm 50 ɛm

Top anchors

Bottom anchor

AlignedRandom

Conductive and semi-transparent


