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Boron nitride nanotubes (BNNTs) grafted with polyglycidyl methacrylate (PGMA) and
polystyrene (PSt) brushes are described. This surface modification of BNNTs with polymer
brushes is efficiently achieved involving only two steps: the introduction of benzyl bromide
ATRP initiating sites on BNNTSs by a one-step radical addition method and the surface initiated
atom transfer radical polymerization (SI-ATRP) of GMA or St from the initiator immobilized
BNNTs surface. The structure and properties of the resultant hybrid materials are characterized
by Fourier transform infrared spectroscopy (FTIR), thermogravimetric analysis, scanning
electron microscopy (SEM) and transmission electron microscopy (TEM). The FTIR analysis
of hybrid materials shows infrared signals characteristic of the grafted polymers (PGMA and
PSt) while SEM and TEM images clearly show the formation of polymer grafts on the BNNT

surface.

Introduction

Boron nitride nanotubes (BNNTSs) are the III-V homologues of
carbon nanotubes (CNTs). Like CNTs, BNNTSs exhibit exceptional
durability, strength, and electronic properties, but they also exhibit a
number of unique features including electrical insulating properties
and increased thermal and chemical stability. Like CNTs, BNNTSs
exhibit a cylindrical structure that resembles “rolled-up” hexagonal
graphitic sheets, except BNNTSs consist of alternating N and B atoms
rather than C atoms.' The length of a boron nitride nanotube can be
greater than one micrometre while the typical diameter is on the
order of nanometres. BNNTs have emerged as a promising new
nanomaterial®> with a range of remarkable properties, including
excellent thermal conductivity,” high elastic modulus,* the high
resistance to oxidation,” high structural stability,® useful electric
properties,” and unique optical behavior® that complement those
reported for CNTs. BNNTs also possess many of the superior
properties of CNTs such as high material stiffness’ and high heat
conduction due to the effective phonon heat transfer.'” These
potentially useful physical properties make BNNTs an attractive
alternative to CNTs for many applications that require chemical
stability, high-temperature resistance, or electrical insulation. To
date, BNNTs have seen application as composite materials,"
luminescent nanomaterials,'> and thermal conductive polymers.'?

Recently, boron nitride (BN) based nanofillers such as BN
nanoplatelets, BN nanosheets (BNNs) and BNNTs have attracted
increased attention as a component in polymer composites for
thermal dissipation'* and epoxy resins were selected as the
composite matrix because of their widespread use in the aerospace,
automotive and electronic industries."” However, like CNTs,
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unmodified BNNTs are not soluble in common solvents or
compatible with bulk polymers, and therefore have a tendency to
aggregate. Their poor interfacial interaction with polymer matrices
inhibits their processability and reduces the quality of their
nanocomposites.'® Surface modification of the BNNTs is important
to expand their applications in composite materials as well as
biomedicine."” In addition to improving nanotube dispersibility
during composite processing and fabrication, nanotube surface
functionalization can vastly improve the interfacial interactions
between the nanotube and bulk polymer if reactive functionalities
such as epoxide rings, are present on the polymer grafts in order to
covalently cross-link into the polymer network.™ An external
tensile load will be most efficiently transferred from the polymer
onto the nanotubes only if a strong chemical bond exists between the
two components of the composite®®  The multiplicity of
functionality that is exhibited by dense polymer grafts offers an
increased degree of cross-linking into the polymer matrix that is
ideal for a composite material >'

There are numerous functionalization schemes that have been
reported for CNTs**** but few have been reported so far for
BNNTs.** This is primarily due to the inherent low chemical
reactivity of the surface of well-crystallized BNNTs, and poor
wetting properties which inhibit many traditional solution-based
reactions.” The typically poor yields of BNNTs by conventional
synthetic methods have also limited their availability for research on
surface modification, though efforts to improve these yields are
ongoing.14’26’27’28’29 Recently, the surface modification of BNNTs
has been explored to increase their dispersibility®® including non-
covalent surface adhesion techniques'"'®*'*? and covalent sidewall
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Scheme 1. Stepwise SI-ATRP process for grafting polvmer brushes from BNNTs.

grafting **3**> Noncovalent strategies were achieved by adsorbing
surfactants or polymers onto the BNNT surface, however, such
adsorbed materials can desorb, resulting in nanotube aggregation.
This problem is best overcome by covalent functionalization of
BNNTs. While aggressive oxidation/sonication yields shortened
nanotubes with increased solubility in water and other solvents,*
more controlled oxidation provides largely intact nanotubes with
surface functionalities®” which enable further surface modification.®
Regardless, the most attractive method for tailoring the dispersibility
of BNNTs is their covalent functionalization with polymer grafts as
the diversity of polymers amenable to grafting offers a broad range
of compatibility.

The surface modification of BNNTs by covalent attachment of
polymer chains can be achieved via either a “grafting to” or
“grafting from” approach. The “grafting to” approach, generally
results in low graft densities due to steric complications. In the case
of the “grafting from” approach, also known as surface initiated
polymerization, the polymer is grown from initiator attached to the
substrate and can yield much more densely packed polymer brushes.
Among the different surface-initiated controlled polymerization
techniques, surface-initiated atom transfer radical polymerization
(SI-ATRP) has been most extensively used to produce dense
polymer brushes on a range of different substrates.’ In order to
initiate ATRP from the relatively inert BNNT surface, graftable
functionalities must be present. For example, Zhi et al.** introduced
chloride groups onto BNNTs via amidation with chloroacetyl
chloride of the adventitious free amino groups generated as
structural impurities during their chemical vapour deposition
synthesis. Because of the scarcity of these defects, the dry thickness
of the polystyrene shell was relatively low, ranging from 0.8 to 5 nm
due to defect concentration variations along the BNNTs. Recently
Ejaz et al. developed a single step method for covalent
immobilization of benzyl bromide ATRP initiators onto fully
pyrolyzed carbon hard nanospheres (CHSs) by a radical fixation
method. This approach provides a high density of attachment points
resulting from the well-known fact that graphitic materials like
carbon black are strong radical scavengers.*’ Like CHSs the BNNTs
have many open-ended graphitic like flakes and therefore an
analogous initiator fixation approach seemed promising.

In this work, we present a rapid covalent functionalization
approach for the synthesis of well-defined high-density polymer
brushes from the surface of BNNTs by SI-ATRP. This involves a
two-step SI-ATRP procedure. The first step involves the thermolysis
of a peroxide ATRP initiator precursor to generate in-situ benzyl

2| J. Name., 2012, 00, 1-3

bromide capped ester radicals which functionalize the B atoms in
BNNTs via oxygen radical attack*. The second step involves the
graft polymerization of ATRP polymers from these surface-affixed
initiators. Two monomers were explored: styrene (St) and glycidyl
methacrylate (GMA), the latter of which exhibits epoxide
functionalities to enable further reactivity. These resulting polymer
grafts were thicker than those previously reported, and exhibited
dispersibility in a wide range of organic solvents.

Experimental

Reagents Styrene (St, 99%, Aldrich) and glycidyl methacrylate
(GMA, 97+%, Fluka) were purified by passing through neutral
alumina. Copper (I) bromide (CuBr, 99.99%, Aldrich) was purified
as described in literature.> N,N,N’,N"" N""'-
pentamethyldiethylenetriamime (PMDETA, 99%, Aldrich), 4,4'-
dinonyl-2,2'-bipyridine (DNDP, 97%, Aldrich), 4-methylbenzyl
bromide (MBB, 97%, Aldrich), sodium peroxide (97%, Sigma-
Aldrich), 4-bromomethylbenzoyl bromide (BMBB, 96%, Sigma-
Aldrich), and all other reagents were used as obtained from
commercial sources. Boron powder (99%, Alfa Aesar), iron(Il)
oxide (FeO, 99.5%, Alfa Aesar) and magnesium oxide (MgO
99.95% Alfa Aesar) were used as received. The ATRP initiator
precursor bis(4-bromomethylbenzoyl) peroxide (BBMBPO) was
synthesized as described in literature.**

Synthesis of BNNTs The BNNTs were synthesized using boron
oxide chemical vapour deposition (BOCVD) approach.”>** using a
mixture of B, MgO and FeO in the molar ratio of 2:1:1. Briefly, a
cleaned Si (100) substrate was coated with a 30 nm MgO layer by e-
beam evaporation and used as the substrate for BNNTs synthesis.
The precursor mixture in the above-mentioned ratio was placed at
the centre of a horizontal tube furnace. The furnace temperature was
raised to 1200 °C under 200-250 standard cubic centimetres per
minute NH; flow at a tube pressure of 20 Torr and the reaction was
carried out for 1 hour at which point the furnace was allowed to cool
to room temperature. The “as-synthesized” BNNTSs were then gently
removed with a razor blade from the substrate to minimize
contamination from the silicon substrate. The yield of BNNTs
relative to the amount of boron precursor is roughly 1%.

Immobilization of ATRP initiator onto BNNTs 5.5 mg of
powdered BNNTs were dispersed in 10 mL of toluene and sonicated
for 20 min. 0.2 g (0.47 mmol) of BBMBPO was then added to the
above mixture. After purging with Ar for an additional 30 minutes,
the reaction was initiated by heating to 105 °C and stirred vigorously
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under argon for 6 h. After wards, the modified BNNTs were
collected by a repeated cyclic of dispersions by sonication into
solvent, and recollections of the nanotubes by centrifugation. The
solvent series used was first toluene, then dichloromethane, then
tetrahydrofuran (THF), then methanol (MeOH) and finally anisole.
The cleaned initiator-functionalized BNNTSs in anisole were used
directly for the graft polymerizations.

ATRP of GMA 5.50 mg of initiator-functionalized BNNTs were
dispersed in a mixture of 6.00 g of GMA (42.2 mmol) and 12 g
anisole in a 25 ml Schlenk flask equipped with a stir bar. After a 30
minute Ar purge, CuBr (6.05 mg. 0.042 mmol) was added to the
above suspension under an Ar flow followed by addition of DNDP
(34.34 mg, 0.084 mmol) and MBB (7.77 mg, 0.042 mmol), as free
initiator. The flask was placed in a thermostatic oil bath at 70°C and
the suspension was stirred for 24 h under Ar. The product was then
diluted with THF. The PGMA-grafted BNNTs were isolated from
free polymer by repeated dispersal in THF by bath sonication,
centrifugation, and decanting the free polystyrene solution. Trace
amounts of CuBr were removed by additional washes of
MeOH/THF, aqueous NH,CI/THF and H,O/THF. Finally the
PGMA-grafted BNNTs were vacuum dried overnight. In a
controlled experiment pristine BNNTs (without the initiator-
modified surface) were subjected to identical GMA polymerization
conditions as described above.

ATRP of St 5.50 mg of initiator-functionalized BNNTs were
dispersed in a mixture of 6.00 g of St (57.0 mmol) and 6 g of anisole
in a 25 ml Schlenk flask equipped with a stir bar. After a 30 minute
Ar purge, CuBr (81.76 mg. 0.57 mmol) was added to the above
suspension under an Ar flow followed by addition of PMDETA,
(98.82 mg, 0.57 mmol) and MBB (10.55 mg, 0.057 mmol), as free
initiator. The flask was placed in a thermostatic oil bath at 95 °C and
the suspension was stirred for 25 h under Ar. The product was then
diluted with THF and the PSt-grafted BNNTs were isolated from
free polymer using the centrifugation/washing protocol described for
the PGMA-grafted BNNTSs. Finally the PSt-grafted BNNTs were
vacuum dried overnight.

Instrumentation

'H NMR (400 MHz) spectra were obtained on a Varian
Mercury spectrometer (Palo. Alto, CA) using the TMS signal for
calibration (0.00 ppm). Size exclusion chromatography was carried
out on a Waters model 1500 series pump (Milford, MA) with a
three-column series from Polymer Laboratories, Inc. consisting of
PLgel 5 pm Mixed D (300 x 7.5 mm?), PLgel 5 pm 500 A (300 x
7.5 mm? and PLgel 5 pm 50 A (300 x 7.5 mm?) columns. The
system was fitted with a Model 2487 differential refractometer
detector. THF was used as mobile phase (1 mL/min flow rate). The
calculated molecular weight was based on retention time calibrated
against linear polystyrene standards. Data was collected and
processed using Precision Acquire software. Fourier transform
infrared (FTIR) spectroscopy was performed using a NEXUS 670
FTIR SEP. The analyte was mixed with KBr and ground into a fine
powder by mortar and pestle. The resulting solid mixture was
pressed into a pellet for analysis. Thermogravimetric analysis (TGA)
data was acquired using TA Instruments TGA 2950
Thermogravimetric Analyzer with heating rate of 10 °C per minute
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Fig.1. (a) Low magnification FESEM image of BNNTs
synthesized by BOCVD (b) low and (c) high magnification
TEM image (d) XRD spectrum of BNNTs on Si (100)
substrate. (¢) Raman spectrum of BNNTs at characteristic
absorption and (f) EELS spectrum of BNNTs showing the
distinct K-edge emission peaks of boron and nitrogen.

under N, atmosphere. Data was processed using TA Instruments
Universal Analysis software. Transmission electron microscopy
(TEM) data was collected with a JEOL 2010 operated at 200 kV.
Field emission scanning electron microscopy (FESEM) data was
obtained using LEO 1530VP, operated at 10 kV. Structural
characterization data was obtained using PANalytical X-ray
diffraction (XRD) (Xpert Pro-SAXS) and a Raman spectrometer
from Princeton Instruments.

Results and discussion

In order to examine the viability of ATRP-grafted BNNTSs, high
purity BNNTSs were first synthesized by the boron oxide chemical
vapor deposition (BOCVD)?Z* method. The mechanism behind the
BOCVD approach involves the MgO and FeO catalyzed oxidization
of boron to boron oxide at elevated temperatures. Interaction in the
gas phase with ammonia results in the condensation of BNNTSs onto
the MgO coated-substrate.** However, the yield of this process is
limited by the very small amount of solid boron which is optimal to
yield the required vapor pressure for the growth of well-defined
nanotubes. Generally, large amounts of boron will result in short
BNNTs with large diameters.

The BNNTSs were isolated from the substrate surface as a fluffy,
white solid. FESEM imaging of these BNNT samples, as shown in
Fig.1 (a), reveal that the BNNTs generally have a length of tens of
micrometres and a diameter in the range of 50-100 nm. TEM
analysis confirms the presence of tubular structures and the observed
lattice fringes exhibit a lattice spacing of 0.33 nm which matches the
inter-shell spacing (002) of hexagonal boron nitride (h-BN) (Fig.1(b-
¢)). The XRD spectrum, Fig.1(d), clearly exhibits the characteristic
boron nitride (BN) signals while the sharp Raman absorbance at
~1366¢m™" shown in Fig.1 (e) corresponds to the E,, band in-plane
vibration mode of hexagonal BN. Electron energy loss spectroscopy
(EELS) (Fig.1(f)) shows K edge emission peaks corresponding to B
and N in the expected ~1:1 ratio.*’
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Figure 2. FTIR spectra of (a) pristine BNNTs, (b) BNNTSs-
PSt, and (c) PSt.

In this work a free radical addition reaction was employed to
immobilize initiator onto the BNNT surface using an analogous
technique to that reported for carbon hard spheres.*” The peroxide
bond within the BBMBO reagent decomposes at 105 °C to generate
free radicals. These free radicals are expected to react with localized
n double bonds of the aromatic rings as well as any defective sites
along the BNNTSs surface. Similar radical attachment to BNNTSs has
been reported for other organic peroxides.*' Using this radical
fixation process, brominated benzyl groups were successfully
attached onto the surfaces of BNNTSs, providing multiple sides from
which polymer grafts can be initiated by SI-ATRP.

The graft polymerizations of initiator functionalized BNNTs
were carried out using both St and GMA monomers. While St was
selected as a representative common ATRP monomer, GMA was
specifically selected because of its utility in preparing BNNTs
composites. The epoxide functionality of PGMA is highly reactive
towards coupling with amines, alcohols, and other nucleophilic
functional groups, providing an efficient means for crosslinking with
a range of polymeric matrices for the generation of composite
materials, including bisphenol-A epoxy resins, polycarbonates, etc.
These PGMA-grafted BNNT composite materials could be of
particular value for radiation-shielding materials, owing to the
inherent neutron absorption properties of °B.

The polymerization of both monomers was carried out in
anisole, with the addition of free “sacrificial” initiator, 4-
methylbenzyl bromide (MBB). The sacrificial initiators are typically
used in SI-ATRP not only to provide a well-controlled graft
polymerization but also to allow an indirect characterization of the
grafted polymer chains. Although the molecular weight and the
dispersity of the grafted polymer chains cannot be directly measured,
because the free and the BNNT-bound initiating groups are of
similar structure and exposed to the same conditions, it can be
assumed that the polymers formed in solution will have a similar
molecular weight profile to those grafted from the surface. This
soluble polymer can be readily isolated and characterized by GPC,
NMR, MALD], etc.*

The GPC analysis for the PGMA grafting reaction yielded

free polymer with number average molecular weight of 60 000 and a
D of around 1.19 while the PSt polymerization yielded free polymer
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Figure 3. FTIR spectra of (a) pristine BNNTs (b) BNNTs,
after control polymerization (c) BNNTs-PGMA and (d)
PGMA.

with a number average molecular weight of 110 000 and a P of
around 1.59. The relatively narrow dispersities confirm that both of
the polymerizations were reasonably controlled and free polymer
molecular weight suggests the grafted polymer chains had degrees of
polymerization well beyond 100 repeating units.

Direct confirmation of the covalent polymer grafting to BNNTSs
could be obtained using FTIR. The FTIR spectrum of
unfunctionalised BNNTs (Fig. 2a) is dominated by three
characteristic peaks at around 809, 1369 and 1545 cm’!. The
absorption band at ~1545 cm™' corresponds to the stretching of the
hexagonal-BN network along the tangential directions of a BNNT.
The intense ~1369 cm ' band is a result of the transverse optical
mode of hexagonal-BN sheets that vibrates along the longitudinal or
tube axis of a BNNT. Finally, the weak absorption at ~809 cm ' is
associated with the out-of-plane radial buckling mode where boron
and nitrogen atoms are moving radially inward or outward. After the
graft polymerization of St onto BNNTs, the crude PS-grafted
BNNTs samples were centrifuged, the solvent decanted, and the
residue resuspended five times, to ensure that all of the unattached
polymers had been removed. The purified PSt-BNNT samples
exhibited all of the characteristic absorbances of PSt: 3030 cm’™, the
C-H aromatic stretching; 2920 cm™', the aliphatic C-H stretching;
~1453 cm™! and 1493 cm’!, the aromatic C=C ring stretches; and
600-800 cm™, the phenyl ring stretching (Fig. 2b). These FTIR
results confirm the successful grafting of PSt onto the BNNTSs.

Analogous characterization could be used to confirm the grafting of
PGMA onto the BNNTs. After isolating the PGMA grafted
BNNTS, the characteristic, though weak, FTIR signals at 1732 cm’!
for the carbonyl groups and 908 cm™ for the epoxy rings were
observed (Fig. 3c). Caution must be used in relying too heavily on
this FTIR data to prove surface grafting, given the weak signal of the
polymer relative to the BNT substrate.*” However, the presence of
all of the characteristic signals expected for both the polystyrene and
poly(glycydyl methacrylate) grafts provides complimentary evidence
in addition to the TGA data, microscopy images and the observed
improvement in solvent compatibility after grafting that are detailed
below.

This journal is © The Royal Society of Chemistry 2012
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Figure 4. TGA curves of (a) pristine BNNTs (b) BNNTs-
PGMA and (c) PGMA.

In order to provide further confirmation that the GMA grafts
were covalently connected onto BNNTSs and not merely physically
adhering to the surface, a PGMA polymerization was carried out
from the free initiator, in the presence of unmodified BNNTs. After
the BNNTs were isolated  using the analogous
centrifugation/decanting/resuspension purification technique, their
IR spectra failed to show any of the characteristic signals at 1732
em! or 906 cm™ (Fig.3b), suggesting that observed PGMA signals
in the first sample was covalently attached rather than physically
adsorbed onto the nanotubes. As additional evidence for substantial
surface grafting, the dispersibility of both polymer grafted BNNTSs in
organic solvents, such as anisole, dichloromethane, tetrahydrofuran,
toluene and dimethylformamide, were greatly enhanced for both
PGMA and PSt grafts.

Thermogravametric analysis was also used to provide quantitative
data about the mass of grafted polymer relative to that of the BNNTSs
substrate. The pristine NNTs were fairly stable up to 800 °C without
any significant loss of mass (Fig. 4a). A small but measurable weight
loss of ~ 2.5% starts at a temperature as low as 150°C and stabilizes
to 7% around 400°C. This weight loss is believed to result from the
hygroscopic nature of the MgO catalyst which may be present as a
trace impurity from the removal of the BNNTs from the MgO coated
substrate. The observe weight loss could be explained by the
formation of Mg(OH), in presence of environmental moisture
(which completely dissociates to MgO and H,O at 332°C) as well as
the low thermal stability (~ 427°C) of MgO itself. Because of the
robust thermal properties of BNNTSs, they can survive temperatures
as high as 800 °C. The PGMA grafted BNNTs, on the other hand,
exhibited substantial mass losses around 400 °C (335 °C onset point,
405 °C inflection point) (Fig. 4b), which corresponds closely with
the temperature of decomposition that was observed for free PGMA
(Fig 4c.). The relative mass of the polymer can be computed based
upon the mass loss below 800 °C, relative to the total mass. This
calculation yields a 36% mass loss, confirming a significant quantity
of grafted PGMA via this radical fixation/SI-ATRP approach. Based
on the TGA analyses, surface area of BNNTs and the presumed
molecular weight of grafted polymer, (from the GPC data of the
soluble polymer byproduct) the polymer graft density on the BNNTSs
was computed to be 0.03 chains/ nn’.

Morphological characterization of PGMA grafted BNNTs was
investigated using FESEM to directly observe the nanoscale

This journal is © The Royal Society of Chemistry 2012
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Figure 5. (a) and (b) low magnification FESEM image of
pristine and PGMA-BNNTSs respectively, showing an
increase in the diameter of the BNNTSs.

Figure 6. (a) Low magnification TEM image of pristine
BNNTs; (b) low and (c) high magnification TEM images of
PGMA grafted BNNTSs, exposed tip and polymer layer is

shown by arrow.

Figure 7. (a) Low magnification and (b) high magnification

TEM image of BNNTs control polymerization revealing
absence of any polymer wrapped around BNNTs surface.

morphology of PGMA grafted BNNTs. As can be clearly seen in the
FESEM images (Fig. 5b), the BNNTs surfaces are completely coated
by polymer and the diameter of BNNTSs has significantly increased
as compared to pristine BNNTSs (Fig. 5a). Further characterization of
the morphology and surface structure of PGMA-grafted BNNTSs was
carried out using TEM. A typical TEM image of polymer-grafted
BNNTs is shown in Fig. 6b. It can be clearly seen that PGMA layer
is wrapped around the BNNTs leading to an obvious increase in the
overall diameter of BNNTs compared to the pristine BNNTs (Fig.
6a). By more closely examining the image of the grafted BNNTs
(Fig. 6¢), and comparing with the image of pristine BNNTs surface,
the image of the grafted nanotubes shows a darker grey layer of
PGMA layer around the sharply defined BNNT core. The BNNTs,

J. Name., 2012, 00, 1-3 | 5
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Figure 8. FTIR spectra of (a) BNNTs-PGMA (b) BNNTs-PGMA-
OH/N..

except the tips, are completely enveloped by a visible continuous
and uniform smooth film of grafted PGMA as compared to pristine
BNNTs (Fig. 6a). From these images the average thickness of the
PGMA grafted films can be calculated. The average diameter of
pristine BNNTs is ~70 nm, while the total diameter of PGMA-
BNNTs varies from tip to base of grafted BNNTs with values of
~130 nm at the tip and ~250 nm at the base. This corresponds to a
total polymer graft thickness of between ~30 nm at tip and ~90 nm
along the body of the nanotube. To further rule out the possibility of
physical adsorption of PGMA on the BNNTs surface, TEM was
used to examine the pristine BNNTs used in the control
polymerization experiment (Fig. 7). It was found that the pristine
BNNTs, obtained after the control GMA polymerization experiment,
do not show any signs of PGMA on their surface (Fig. 7a) similar to
fresh BNNTs (Fig. 6a) In addition, the high resolution TEM of
BNNTs from this control polymerization experiment (Fig. 7b) is
similar to those of fresh BNNTs (Fig. 1c). FTIR data for the control
BNNTs also exhibit no sign of polymer. The results of these
detailed microscopy studies verify not only the presence of a thick
layer of polymer after the radical fixation/SI-ATRP protocol, but the
control studies also confirm that this polymer layer is attached
covalently.

In order confirm the presence of epoxide rings on the grafted
BNNTs, the PGMA modified BNNTs were treated with sodium
azide according to literature procedures to generate the azido alcohol
repeating unit.*** The FTIR spectra after reaction of PGMA-
BNNTs with NaNj (figure 8) exhibit the distinct signal of free azides
in the product (2100 cm™) as well as an increase in the hydroscopic
nature of the grafted BNNTSs (3200-3600 cm™) due to the hydroxyl
groups on the sidechains. This confirms not only the presence of
polymer grafts on the BNNTS, but the ability to carry out subsequent
reactions with the epoxy sidechains.

Conclusions

Using a I-step radical addition reaction the benzyl bromide
ATRP initiators were successfully introduced onto the surfaces of
BNNTs. In a second step, the initiator groups were used to carry out
SI-ATRP of St and GMA on BNNT. FT-IR, TGA, TEM and SEM
were used to verify the grafting of both PGMA and PSt onto the
surface of the BNNTs. These results validate the utility of this 2-step
grafting approach for the efficient preparation of polymer-grafted
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BNNTs and confirm the value of this synthetic tool for preparing
BNNTs for incorporation into polymer-based nanocomposites.
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An efficient two-step polymer grafting procedure is developed for the functionalisation of boron nitride
nanotubes. Using surface initiated atom transfer radical polymerisation, dense grafts of poly(glycidyl
methacrylate) and polystyrene were successfully grown from the nanotube surface.
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