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Abstract 
The interest for polymeric nanocomposites has rapidly grown during the 
last decades, fuelled by the great potential and superior properties of 
nanoparticles (NPs). The production volumes of commercial NPs have 
increased exponentially during the last ten years, and the quality has been 
significantly improved. The aim of this study was to design polymer 
grafted commercially available metal-oxide NPs, and graphene oxide 
(GO), to develop isotropic (homogeneous) and anisotropic 
(heterogeneous) polymer nanocomposites for dielectric applications. The 
motivation was to formulate functional insulation materials for compact 
components in future power-grid systems using high-voltage direct-
current (HVDC) or high-voltage alternating-current (HVAC), and to 
fabricate responsive sensor materials for monitoring e.g. temperature and 
voltage fluctuations in so called “Smart Grids”. 

Aluminium oxide (Al2O3), zinc oxide (ZnO) and reduced GO (rGO) 
NPs were modified with sparse polymer grafts via a controlled “covalent 
route” and were mixed with silicone (PDMS) or polyethylene matrices 
(EBA and LDPE) commonly used in HV-cable systems. The graft length 
and the graft-to-matrix compatibility were tailored to obtain 
nanocomposites with various self-assembled NP-morphologies, including 
well-dispersed, connected and phase-separated structures. The graft 
length was used to adjust the inter-particle distance of nanocomposites 
with continuous morphologies or connected (percolated) NPs. It was 
found that nanocomposites with percolated NPs and short inter-particle 
distances exhibited 10-100 times higher conductivity than the unfilled 
(neat) polymer, or displayed a rapid non-linear increase in conductivity 
(~1 million times) with increasing electric field, while well-dispersed NPs 
with long inter-particle distances exhibited 10-100 times lower 
conductivity (i.e. higher resistivity) as an effect of their trapping of charge 
carriers. These tunable and functional properties are desirable for HV-
insulation, field-grading applications, and flexible electronics. 

In addition it was shown that GO modified with dense polymer grafts 
via a “physisorption route” formed suspensions with liquid crystals, or 
matrix-free GO-composites with well-dispersed GO in isotropic or 
nematic states. These materials were reinforced by the GO, and exhibited 
elevated glass transition temperatures and a rapid thermo-responsive 
shape-memory effect, and are thus proposed to have a great potential as 
sensor materials and responsive separation membranes. 



Sammanfattning 

Intresset för polymera nanokompositer har snabbt ökat under de senaste 
decennierna, drivet av den stora potentialen och de överlägsna 
egenskaperna hos nanopartiklar (NPs). Produktionsvolymerna för 
kommersiella NP har ökat exponentiellt under de senaste tio åren, och 
kvaliteten har förbättrats avsevärt. Syftet med denna studie var att 
polymer-ympa kommersiellt tillgängliga metalloxid-NPs, och grafenoxid 
(GO), för att designa isotropa (homogena) och anisotropa (heterogena) 
polymera nanokompositer för dielektriska tillämpningar. Motiveringen 
var att formulera funktionella isoleringsmaterial för kompakta 
komponenter i framtida kraftnätssystem som använder högspänd 
likström (HVDC) eller högspänd växelström (HVAC), samt att tillverka 
responsiva sensormaterial för övervakning av t.ex. temperatur- and 
spänningsvariationer i så kallade "Smart Grids". 

Aluminiumoxid (Al2O3), zinkoxid (ZnO) och reducerad GO (rGO) 
NPs modifierades med glesa polymerympar via en kontrollerad "kovalent 
väg" och blandades med silikon (PDMS) eller polyeten matriser (EBA och 
LDPE) som är vanliga i HV-kabelsystem. Ymplängden och ymp-till-
matrix kompatibiliteten skräddarsyddes för att erhålla nanokompositer 
med olika självordnande NP-morfologier, inklusive väldispergerade, 
länkade och fasseparerade strukturer. Ymplängden användes för att 
justera partikelavståndet i nanokompositer med förbundna morfologier 
eller länkade NPs. Man fann att nanokompositer med länkade NPs och 
korta interpartikelavstånd uppvisade 10-100 gånger högre konduktivitet 
än den ofyllda (rena) polymeren, eller erhöll en snabb icke-linjär ökning i 
konduktivitet (~1 miljon gånger) med ökande elektriskt fält, medan 
väldispergerade NPs med långa interpartikelavstånd uppvisade 10-100 
gånger lägre ledningsförmåga (dvs. högre resistivitet) som en effekt av 
deras infångande av laddningsbärare. Dessa inställbara och funktionella 
egenskaper är önskvärda för HV-isolering, fältstyrande applikationer och 
flexibel elektronik. 

Dessutom visades att GO, som modifierats med täta polymerympar 
via en "fysisorptionsväg", bildade suspensioner med flytande kristaller, 
eller matrisfria GO-kompositer med väldispergerad GO i isotropa eller 
nematiska tillstånd. Dessa material armerades av GO och uppvisade 
förhöjda glastransitionstemperaturer och en snabb värmeresponsiv form-
minneseffekt, och föreslås därigenom ha en stor potential som sensor-
material och responsiva separationsmembran. 
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α Nonlinearity (non-linear slope coefficient) 
α Curvature of NP 
Δcci Deviation ratio of centre-to-centre distance 

Δffi Deviation ratio of face-to-face distance 
ΔHf Dissociation energy 
εr Relative permittivity (dielectric constant) 
φ Flory’s universal constant 

ϕ Filler fraction by volume 

ϕc Percolation threshold 
κ Characteristic constant 
η Refractive index 
ρ Specific density 
Σ Reduced tethered density 
σ Graft density (grafts per nm2) 
σamine Amine density (amines per nm2) 
σBr Initiator/bromine density (initiators per nm-2) 
σcond Electrical conductivity 
θ-state Theta state 
2D Two-dimensional 
AC Alternating current 
AFM Atomic force microscopy 
Al2O3 Aluminium oxide 
APDEMS 3-aminopropyl-diethoxy-methylsilane 
APDMMS 3-aminopropyl-dimethyl-methoxysilane 
APTES 3-aminopropyl-triethoxy-silane 
Ar Aspect ratio 
ARGET Activator regenerated by electron transfer 
Asc Ascorbic acid 
ATRA Atom transfer radical addition 
ATRP Atom transfer radical polymerization 
ATRPP Atom transfer radical precipitation polymerization 
BA n-Butyl acrylate 
BET Brunauer−Emmett−Teller 
α-BiB α-Bromoisobutyryl bromide 
bipy 2,2’-Bipyridine 
BMA n-Butyl methacrylate 
C Characteristic ratio 
C=O Carbonyl of carboxyl group 
C-O-C Epoxy group 



CPB Concentrated polymer brush 
CRP Controlled radical polymerization 
CuBr Copper(I) bromide 
CuBr2 Copper(II) bromide 
D Distance between grafts 
DC Direct current 
Dcci Centre-to-centre distance to the ith neighbour 
DCM Dichloromethane 
Dffi Face-to-face distance to the ith neighbour 
DLS Dynamic light scattering 
ÐM Molar-mass dispersity 
qDMAEMA Quaternized 2-dimethylaminoethyl methacrylate 
DMAP 4-(dimethylamino)pyridine 
DMF Dimethylformamide 
DMTA Dynamic mechanical thermal analysis 
DSC Differential scanning calorimetry 
Dz Z-average size determined by DLS 
E’ Storage modulus 
E” Loss modulus 
EBA Poly(ethylene-co-butyl acrylate) with 27 % BA 
E-BiB Ethyl α-bromoisobutyrate 
E-field Electric field 
EtOH Ethanol 
FE-SEM Field emission-scanning electron microscopy 
FGM Field-grading material 
FT-IR Fourier transform infrared spectrometry 
GO Graphene oxide 
rGO Reduced graphene oxide 
h Height of polymer graft 
HEMA-I 2-hydroxyethyl methacrylate with ATRP-initiator 
HF Hydrofluoric acid 
HMTETA 1,1,4,7,10,10-Hexamethyltriethylenetetramine 
1H NMR Proton nuclear magnetic resonance 
H2SO4 Sulfuric acid 
HSPs Hansen’s solubility parameters 
HV High voltage 
I ATRP-initiator 
K2HPO4 Dipotassium phosphate 
KMnO4 Potassium permanganate 
L Ligand 
l Length of backbone bonds 
LDPE Low-density polyethylene 
LLDPE Linear low-density polyethylene 



LMA Lauryl methacrylate 
M Monomer 
M Molar mass (general) 
Mc Critical molar mass 
Me(n) Metal ion with the oxidation number (n) 
MeOH Methanol 
Mg Calculated average molar mass of grafts 
MI Cationic statistical macroinitiator 
MMA Methyl methacrylate 
Mn Number average molar mass 
MV Medium voltage 
Mw Weight average molar mass 
Mx-link Average molar mass between cross-links 
N Avogadro’s number (6.022 x 1023 per mole) 
Ng Average degree of polymerization of grafts 
NM Average degree of polymerization of matrix 
NMP Nitroxide-mediated polymerization 
NP Nanoparticle 
OH Hydroxyl group 
OP Oxygen permeability 
Po Permeability for unfilled polymer 
PBA Poly(n-butyl acrylate) 
PBMA Poly(n-butyl methacrylate) 
PD Partial discharges 
Pdl Size distribution by DLS 
qPDMAEMA Quaternized poly(dimethylaminoethyl methacrylate) 
PDMS Poly(dimethyl siloxane) 
PET Polyelectrolyte titration 
pH Potential of hydrogen 
PHEMA-I Poly(2-hydroxyethyl methacrylate) with ATRP-initiators 
PLMA Poly(lauryl methacrylate) 
PMDETA N,N,N′,N′′,N′′-Pentamethyl diethylene triamine 
P(MHS-co-DMS) Poly(methylhydro siloxane-co-dimethyl siloxane) 
PMMA Poly(methyl methacrylate) 
POM Polarized optical microscope 
PSA Projected surface area 
Pt-cat Platinum(0)-1,3-divinyl-1,1,3,3-tetramethyl disiloxane 
R Alkane chain 
R Ideal gas constant 
1R Alkyl group 
R0 Interaction radius of solubility spheres 
Ra Centre-to-centre distance of solubility spheres 
  



RAFT 
Reversible-addition fragmentation chain-transfer 
polymerization 

r0,B Average particle radius calculated by Method B 
<r2>θ Mean square end-to-end distance in theta state 
rc Critical radius for transition of brush conformation 
RDRP Reversible-deactivation radical polymerization 
RED Relative energy difference 
Rg Radius of gyration 
rGaus Radius of the Gaussian coil 
RH Relative humidity 
RT Room temperature 
SDPB Semi-diluted polymer brush 
SEC Size-exclusion chromatography 
SI Surface-initiated 
SiC Silicon carbide 
SME Shape-memory effect 
SSA Specific surface area 
STEM Scanning transmission electron microscopy 
tanδ Dielectric loss tangent (dielectric loss) 
tanδDMTA Mechanical loss tangent 
TBAF Tetrabutylammonium fluoride 
TEA Triethylamine 
TEM Transmission electron microscopy 
Tg Glass transition temperature 
TGA Thermogravimetric analysis 
THF Tetrahydrofuran 
UV-Vis Ultra-violet and visible-light spectrophotometry 
vdW Van der Waal 
X Halogen atom 
Xg Mass fraction 
ZnO Zinc oxide 
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