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The crystal structure, IR absorption, and photoluminescence spectra of isotactic
polypropylene composites with multi-walled carbon nanotubes (MWCNT) have been stud-
ied. MWCNT concentrations in the range from 0.1 to 5 wt. % are investigated. The
influence on the structure and the destruction of the composites during electron irradia-
tion (E, = 1.8 MeV) at the absorption doses between 3.0 and 4.0 MGy has been examined.
It has been shown that the sensitization with the MWCNT contributes to the crystal-
lization of the composites and causes changes in the molecular interaction. The irradiation
influences in a complex manner the composite structuring and degradation processes that
depend on the MWCNT content and radiation dose.

HccnemoBanbl KPHUCTANLINUYECKAS CTPYKTYpPa, CIHEKTPbl MH(PPAKPACHOI'O IIOIVIOIIEHUA I
(POTONIOMUHECIIEHIINY KOMIIO3UTOB HM30TAKTHUYECKOrO MOJHUIIPOIMJIEHA ¢ MHOTOCTEHHBIMHU yI-
JIEPOAHBIMY HAHOTPYyOKamMu ¢ KoHuenrpanueir or 0,1 mo 5 macc.% . Biuaane paguanmoHHBIX
HOBPEXACHUN HA CTPYKTYPUPOBAHME KOMIIO3UTOB PACCMOTPEHO IIPK DJJIEKTPOHHOM O00Jayue-
umun (E, = 1,8 MaB) ¢ gosamu morsomernus 3,0 u 4,0 MI'p. O6uapy»xeHo, uTo ceHcubunnsa-
U IIOJUIIPOIMJICHA HAHOTPYOKAMM CIOCOOCTBYET KPHCTALIM3AIMN KOMIIOSUTOB M IIPUBO-
IUT K K3MEHEHMIO MEMXMOJIEKYJAPHOro Ba3amMmogeicTBusa. OOiyuyeHHe CIOKHBIM 00pPa3oM
BJIMSAET HA IIPOIECCHl CTPYKTYPHPOBAHUSA M Aerpaganuu KOMIIO3UTOB, KOTOPHLIE 3aBHCAT OT
coleps;KaHns HAHOTPYOOK M I03BI OOJIyUYeHHS.

Nanocomposites of polymeric matrices
with nanoparticles of unique ordered struc-
ture (in particular, fullerenes and carbon
nanotubes) exhibit extraordinary optical,
electronic, magnetic, mechanical, and ther-
mal properties [1]. Since fullerenes and
carbon nanotubes (CNT) have a high po-
larizability, they offer additional possibili-
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ties of improvement in the properties of
composite films or fibers. This is due to the
oriented arrangement of nanoparticles in
electric fields [2].

In the modification of composite poly-
meric materials, of a great importance is
the adhesion degree of the components at
the interface. This is defined by the interac-
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tion of molecular components of macromole-
cules with carbon nanoparticles [3]. Since
aromatic groups are effective traps of free
radicals, the presence of the radical initia-
tors in different families of vinyl monomers
makes possible their capturing with CNT.
This results in a fastening of the polymer
chains by CNT due to their interaction. It is
caused by covalent binding forces as well as
by the migration of radicals on the traps
[4]. The presence of such interaction even
at a small amount of reinforcing particles
contributes to a substantial improvement in
various performance properties of polymers.
For example, composites of single-walled
CNT (SWCNT) with polypropylene (PP)
were prepared by extrusion in the form of
fibers containing only 1 wt. % of SWCNT
have shown 40 % increase in the tensile
strength in comparison with pure PP and
the moduli grew by 55 % [5]. The increase
in the SWCNT concentration up to 5 wt.%
resulted in the strength increase by 90 %,
moduli by 150 %, and conductivity by
340 % [6]. Similarly, the composites with
multi-walled CNT (MWCNT) show also in-
creased tensile strength and elasticity
modulus [7].

The presence of molecular interaction
with the CNT was confirmed by changes in
vibrational spectra of the nanoparticles. A
noticeable shift of the Raman scattering
band is connected with the breathing vibra-
tional mode, which appears through the dis-
ordering of the CNT structure [1, 3, 8-9].
It is obvious that the nature of the interac-
tion between the flexiblechain molecules of
the polymers with the CNT and the effec-
tiveness of the performance modification
depend on the composite components and
the preparation conditions. In particular, of
importance is the formation possibility of
supramolecular structures in the polymeric
matrix, since the CNT are the crystalline
phase nucleation centers. It is natural that
the content ratio of crystalline and amor-
phous components, especially in the case of
flexible-chain macromolecules of polymers
interacting with the rigid CNT, will influ-
ence the strength properties of the nano-
composites.

On another hand, the presence of
nanoparticles with strong acceptor proper-
ties in a donor matrix must influence sub-
stantially the vibrational and electronic
properties both of polymers and nanotubes.
This is caused by the appearance of photo-
generated charge-transfer complexes. An
appreciable modification of these properties
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being reflected in the nature of the appear-
ing molecular interactions could be achieved
under an ionizing radiation. This causes
different radiation-chemical processes, in
particular, formation of ionized excited
molecules and free radicals. The subsequent
formation and disappearance of double
bonds, exchange, migration, recombination,
and free valences could follow. These proc-
esses under irradiation are known to result
in the cross-linking of molecular chains or
destruction thereof. That could cause an ad-
ditional chemical effect and define changes
in physical properties of the polymers. In
this work, the influence of electron irradia-
tion on the crystalline and vibrational
structures and the photoluminescence of
isotactic polypropylene composites with the
MWCNT has been studied in detail.

The MWCNT used in this study were ob-
tained as cathode deposits in the DC arc
vaporization process of graphite. The arc
discharge conditions and the apparatus used
are described in details elsewhere [10]. The
anode was a graphite rod (6.2 mm diameter,
10 mm length) with a hole (5.1 mm diame-
ter, deeper than the burned part of the elec-
trode) filled with a mixture of Ni (4.2 %)
and Y (2 %) oxides and graphite powder.
The cathode was a graphite rod (15 mm di-
ameter, 15 mm length). The purity of the
graphite rods and powder was 99.999 %
(ash residue <500 ppm). The gap between
the graphite electrodes (0.5-1.5 mm) was
kept by manually advancing the consumed
anode. The discharge voltage and current
varied between 20-25 V and 37-45 A, re-
spectively. The discharge time was between
50 and 120 s at N, pressure of 700 mbar.

As reported before, MWCNT can be
found in the inner black core of the cathode
deposit (Fig. 1). This figure shows the SEM
images of the sample inside the (2Y:4.2Ni)
cathode deposit at several magnifications.
The MWCNT are straight and have various
diameters up to more than 100 nm. Besides
the MWNTs, other carbon species can be
seen. The MWCNT are embedded in a mix-
ture of graphitic nanoparticles. The content
of MWCNT inside the (2Y:4.2Ni) cathode de-
posit is estimated to be in the range of 60
to 70 %. The carbon impurities were oxi-
dized in air at 425°C and the remaining
material where hold for 38 hours in concen-
trated HCIl. This procedure was repeated
until the Ni content in the material below
1 %. The products were analyzed by scan-
ning electron microscopy (SEM), high-reso-
lution transmission electron microscopy
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Fig. 1. SEM microphoto of the inner core of

the cathode deposit. The image reveals the pre-
sence of MWCNTSs inside the cathode deposit.

(HR-TEM) and thermogravimetric analysis
(TG). From SEM and TG data, the content
of MWCNT in the samples was estimated to
exceed 90 %.

The composites of isotactic polypropylene
(iPP) with MWCNT were obtained in the
form of fibers. The composite films were
made from these fibers, too. The CNT con-
centration was equal to 0.1, 0.5, 1.0, 3.0
and 5.0 wt.% . The crystal structure of the
fibers was examined by X-ray diffraction.
The vibrational spectra were studied in the
IR region of 450-4000 cm™! using a FTIR
spectrometer with the spectral resolution of
4 em™1. The photoluminescence spectra were
investigated under excitation of the samples
by the emission of an argon laser harmonic
(A = 514.5 nm) using an MDR-3 monochro-
mator. The photoemission was measured at
temperatures of liquid helium (4.2 K) and
nitrogen (77 K). The laser power was at-
tenuated by filters down to values less than
0.5 W/cmZ2. This power attenuation was se-
lected to decrease the photo-induced
changes and to avoid an initial heating of
the samples. Irradiation with electrons was
carried out using a linear electron accelera-
tor. Energy of bombarding particles was
E, =1.8 MeV, the absorption doses 3.0 and
4.0 MGy. The temperature during the irra-
diation experiments did not exceed 320 K.

The macromolecules of iPP with confor-
mation mainly corresponding to the 8; helix
with three monomer units per one turn have
a structural organization that can be de-
scribed as a monoclinic unit cell with the
following parameters: a = 0.66; b = 2.096;
¢ =0.65 nm, a=90° p=99.3° y=90°
The cell contains 12 monoclinic units. Fig. 2
shows the X-ray diffraction picture from
the films of iPP/MWCNT nanocomposites.
An increase of CNT content in the samples
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Fig. 2. X-ray diffraction patterns from the
iPP/MWCNT film nanocomposites with vari-
ous content of CNT(wt. %): 0.5 (1); 1.0 (2);
3.0 (3); 5.0 (4). Inset: similar pattern for the
undoped iPP (Ao, = 0.179 nm).

increases the intensity of the X-ray peaks.
The decomposition of the X-ray diffraction
spectrum into components caused by the
crystalline and amorphous phases indicates
an increase in the topologically regulated
phases with increasing CNT concentrations.

So, at 0.5 wt.% of MWCNT, 73.6 % of
the composite is found in the ecrystalline
state. In case of 1 wt.% MWCNT, the quan-
tity of that phase is 73.9 %, at 3 wt.% of
MWCNT — 74.6 % and at 5 wt.%, the in-
crease is more essential (78.2 %). Thus,
even at an essential content of crystalline
components in the pure polypropylene, the
presence of CNT contributes to its increase.
On the other hand, as the concentration of
CNT increases, the positions, the amplitude
intensity values and the half-width of the
diffraction reflections are changed. That in-
dicates a change in the lattice parameters,
texture, coherent scattering block sizes and
micro-distortions. The effect of CNT on the
supramolecular organization of polymeric
macromolecules is a special feature of the
lattice formation. In particular, as the con-
centration of CNT changes, an arrangement
of those occurs [8], that affects the orienta-
tion of the crystals.

The interactions at the polymeric ma-
trix/CNT interface influence the vibrational
spectrum of the chromophore groups, even
if the content of CNT is insignificant. This
could be seen from the behavior in the IR
absorption (Fig. 3).

The noticeable absorption bands at 840
and 998 ecm™! is characteristic for the bend-
ing vibrations in the crystalline phase [11].
At increasing CNT content, the intensity of
these absorption bands grows, indicating
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Fig. 3. IR absorption spectrum for the

iPP/MWCNT film nanocomposites with vari-
ous content of CNT (wt. % ): undoped iPP (1);
0.5 (2); 1.0 (3).

the incorporation of helical segments into
the crystal lattice and an inecrease in the
number of chains consisting of the alternat-
ing trans-gauche-conformers. Furthermore,
the intensity of the methyl groups pendu-
lum swings near 600 cm™! changes, as well
as near 1550 and 1639 cm~l. That also
shows a change in the interaction nature
between the molecular chains, which possi-
bly is realized through their bonds with
CNT. The presence of such an interaction
influences the behavior of elementary elec-
tronic excitations. The increased photolumi-
nescence in the emission band corresponding
to about 2.1 eV (Fig. 4) is observed at low
CNT content (0.1 and 0.5 wt.%) only.

A further increase in the CNT content
results in the photoluminescence quenching,
thus indicating the effective separation of
the electron-hole pairs in the presence of
the p-type impurities. This could be due to
the formation of intermolecular donor-ac-
ceptor interaction, which defines the CNT
influence on the supramolecular polymer
structure. The above interaction contributes
to the exchange, too. At increasing CNT
concentration, the spectrum displacement
towards the red region appears as well. Be-
ginning from 3 wt.%, an emission maxi-
mum near 900 nm is formed. This could be
due to a contribution from CNT to the elec-
tron spectrum reconstruction within the en-
ergy band gap.

The irradiation of polypropylene effects
its structurization in a complex manner,
since the polymer structure is an intermedi-
ate between the different polymer chains
tending to intermolecular linking and deg-
radation of the main molecular chain. The
linking and degradation processes in
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Fig. 4. Photoluminescence spectra of the
iPP/MWCNT composite fibers with various
content of CNT (wt. %): undoped iPP (1); 0.1
(2); 0.5 (3); 1.0 (4); 3.0 (5); 5.0 (6) (A,, =
514.5 nm, T = 77 K).

polypropylene occur approximately in an
equal proportions. The occurrence and rela-
tion of these processes depend substantially
on the bombarding particle type, energy and
irradiation conditions. In such composites,
the sensitizing components could influence
predominantly either the structuring or
degradation of polymers.

Fig. 5 shows the changes in the X-ray
diffraction patterns for iPP and
iPP/MWCNT composites at electron absorp-
tion doses 3.0 and 4.0 MGy, respectively.
As the radiation dose increases, the inten-
sity of the iPP diffraction peaks is seen to
decrease. A sharp drop of the crystallinity
with retention of the amorphous phase is
observed. This made it possible to assume
that the structurization of the polymer
macromolecules deteriorates due to destruc-
tion thereof. The CNT introduction into the
polymeric matrix slows down this process
even at a low concentration of the nanopar-
ticles. Beginning from 1 wt.% of MWCNT,
the crystallization extent during the irra-
diation grows more substantially than for
the unirradiated samples. At the absorption
dose 3.0 MGy, some bands become broad-
ened. In contrast, at the 4.0 MGy dose, this
is not observed at all. It is obvious that the
linking processes of the macromolecules are
favored under irradiation of the composites
as the radiation dose and CNT concentra-
tion are increased, thus improving the
structurization of the samples. On the other
hand, smaller doses of irradiation cause
micro stresses, which could be relaxed at
increasing exposure time.

The photoluminescence spectrum changes
during the irradiation in a complex manner.

Functional materials, 15, 2, 2008
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Fig. 5. X-ray diffraction undoped iPP (a) and
its composites with 8.0wt% MWCNT (b)
after irradiation with electrons (A =
0.179 nm; E, = 1.8 MeV). I-no irradiation;
2-3.0; 3-4.0 MGy.

For the pure polypropylene, the emission
band has different integrated intensity val-
ues depending on radiation dose, its posi-
tion remaining unchanged during the irra-
diation. At increasing CNT concentration
and radiation dose, the luminescence in the
emission band decreases, except for the
MWCNT content of 8 wt.% where it re-
mains almost constant. So, the irradiation
with electrons effects only slightly the ra-
diation resistance of the composites.
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Thus, the reinforcement of isotactic
polypropylene with MWCNT influences the
crystalline, vibrational and electronic struc-
ture of the composites. As the CNT content
increases within limits of 0.1 to 5.0 wt.%,
the sensitizing role of the nanoparticles in-
creases, thus confirming a change in the
interaction nature on the polymeric ma-
trix /CNT interface. The radiation damages
under electron irradiation result in the si-
multaneous macromolecule destruction and
linking. In the pure iPP polymer, the proc-
esses of destruction are predominant,
whereas in the composites, at the radiation
dose increase to 3.0-4.0 MGy, the structur-
ing plays more important role. Finally, that
provides an increase in the polymer radia-
tion resistance.
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Pagianiini momKoIKeHHI KOMIIO3UTIB i30TAaKTHYHOTO
MOJILIPOIIiJIeHy 3 0AraTOCTiHHUMH BYTJIEIleBUMU
HAHOTPYOKaMu

J.B.Jiakon, O.I1. mumpenxo, M.Il1.Kyniw, 10.1.I1 punyyvruil,
I0.€.I'paboscoxuii, M.M.Binui, C.O0.Anexcees, O.M.Anexcees,
I0.1.Cemenyoe, H.O.'aspunwk, B.B.Illlnanayvka,
J.Banxynac, Y.Pimmep, Il.lllapg¢p

HocnifxeHo KpPUCTAJIIUHY CTPYKTYPY, CIEKTPU iH(pauepBoHOro MOTJIUHAHHA 1 QoTo-
JIIOMiHeCI[eHI[il KOMIIOSUTIB i30TaKTHYHOTO IOJINPOIiJieHy 3 6araTOCTIHHUMU BYTJIEeIeBUMU
HaHOTPYOKaMM IpU KOHIleHTpaIiax octauuix Big 0,1 mo 5.0 mac. % . Buaus pagiamiinux
TIOIIKO/KeHb Ha CTPYKTYPYBAHHSA KOMIIO3UTIB POSTJISHYTO IIPU €JeKTPOHHOMY OIIPOMiHeHHi
(E, = 1,8 MeB) & gosamu moriuHauHa 3,0 i 4,0 MI'p. 3’acoBano, mo ceHcubimisamia mo-
JinpomijieHy HaHOTPYOKaMM CIIpUA€ KpUCTaaisalii KOMIOBUTIB Ta OPUSBOAUTH OO 3MiHU
MiKMOJIEKYAAPHOI BeaeMofii. OmpoMiHeHHA CKJAJHUM YMHOM BILJINBAE Ha IIPOIECU CTPYKTY-
pyBaHHA i gerpagamii KoMmosuTiB, AKi 3ajeKaTb Bif BMicTy HaHOTPYOOK Ta Q03U OIPOMi-
HeHH4.
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