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In the present work a method of manufacturing of a nanocomposite of single-walled
carbon nanotubes with silver nanoparticles (SWNT-AgNP) by ultrasound treatment of
SWNT and AgNO; mixture in aqueous medium is tested, anticipating the advantage of
avoiding reducing chemicals employment. Transmission electron microscopy inspection of
the objects obtained showed the presence of the nanotubes or relatively small SWNT
bundles with inclusion of AgNPs of 5-20 nm in diameter. Laser desorption/ionization
mass spectrometric analysis revealed the sputtering of small silver clusters Ag, (n = 2, 3,
5, 7, 9) from the nanotubes surface, which may serve as nucleus for the nanoparticles
growth. Possible mechanisms of the SWNT-AgNPs composite formation under ultrasound
treatment due to cavitation-induced processes and sonochemical reactions are discussed.

Keywords: nanocomposites, single-wall carbon nanotubes, silver nanoclusters, ultra-
sound treatment, transmission electron microscopy, mass spectrometry, cavitation.

OmnpoGoBaH MeTOX HPUTOTOBJICHUA HAHOKOMIIOSUTA OJHOCTEHHBIX YIJIEPOAHBIX HAHOTDPY-
6ox ¢ mamouacrunamu cepebpa (OVHT-AgHY) myrem yabrpasBykoBoili o6paboTKy cMmecwu
OVHT u AgNO; B BozHOI cpefie, TPeUMYIIIECTBOM KOTOPOTO SBJIAETCSA OTCYTCTBHME HEOOXOIH-
MOCTH PaboThLl ¢ XMMHUUYECKUMU BOCCTAHABAMBAIOIINMU arenTamMu. HccaegoBanme ¢ IMOMOIIBIO
IIPOCBEUNBAIOIEl DJIeKTPOHHON MHUKPOCKONUN O0LEKTOB, MOJYUYEHHLIX TAKUM CIIOCO0OM, IIO-
KasaJio HAJINYMe B HUX HAHOTPYOOK mam Heboabnimux cHomoB OVHT ¢ BKpalieHMAMN HAHO-
yacTulg cepedbpa pasmepoMm oT 5 1o 20 uM. C IOMOIBLI0 MaCC-CIEKTPOMETPUUYECKOTO AHAIN3A
METOOM Ja3epHOl AecopOIuu/MOHN3ANNY O0HAPYKEHO PACILLIIeHNEe ¢ MOBEPXHOCTU HAHOT-
PyOOK MaJBIX KJacTepoB cepebpa Ag, (n = 2, 8, 5, 7, 9), KOTOpBIe MOTYT CIYKHUTH 3aPOAbI-
IaMu s pocTa HaHouacTull. O0CYKIAIOTCSI BO3MOMKHLIE MeXaHU3MLI (DOPMUPOBAHUA KOM-
nosura OVHT-AgHY mopn pmelicrBueM yabTPasByKa B XOOe KaBUTAIMOHHOIO IIpollecca U
COHOXMMMUYECKUX PEeaKI[Ui.

IIpo dopMyBaHHA KOMNO3UTIE BYIJIEHEeBUX HAHOTPYOOK 3 HAHOCPiOJIOM 3a JOMMOMOTOIO
yabTpaseyry. O.A.Bopax, B.C.Illenxoscvruil, M.B.Kocesuw, B.B.Opnos, O.M.Bosx, B.O.Kapa-
yeauyes.

BunpoGysano meton BuroroBiennsa Hanokommnosuty OBHT-AgHY miasaxoMm yasTpasByKo-
Boi 06pobku cymimi OBHT i AgNO; y BogHOMY cepeloBHINi, IIepeBaroo AKOro € BifcyTHicTs
HeobOximHocTi pobGorm 8 ximiuHmMuM BigHOBHMKamu. JOCHifyKeHHS 3a JLOIIOMOIOI TPAHC-
MiciiHOrO eleKTpPOoHHOI'0 MiKpockoma 00’€KTiB, OTPUMaHMX y TaKMU cIoci®, mokasajo Ha-
ABHiCTE Yy HuMX HaHOTPYOOK a6o HeBenurux cuomis OBHT 3 BrpamieHHAM HAHOYACTHHOK
cpiGaa sa posmipom Big 5 mo 20 mm. 3a ZOIIOMOroOK Mac-CIIEKTPOMETPUYHOI'O aHAJNI3y Mero-
noMm JasepHoi gecopbiii/ionisamii BuABJIEHO pPOSNUJIEHHS 3 IIOBEPXHI HAHOTPYOOK Maiux
kaacrepis cpibaa Ag, (n=2, 3, 5, 7, 9), aki moxyrs OyTu 3apoJKaMM HAHOYACTHHOK.
O6roeoproThesl MOKJIUBI Mexauismu Gopmysanus Kommnosutry OBHT-AgHY nix gieo yabr-
PasBYKY BIPOJOBK KaBiTamifHMX NIpoIleciB Ta COHOXIMIUHMX peakrIliii.
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1. Introduction

Combination of unique properties of com-
ponents along with the acquisition of quali-
tatively new features is expected from the
composite materials. Integration of useful
properties of carbon nanomaterials and
metal nanoparticles predetermines the pros-
pects of applications of carbon nanotubes
(CNT) composites with nanosilver or silver
nanoparticles (AgNPs) in various devices
and technology in nanoelectronics, biosen-
sorics, heterogeneous catalysis, biomedicine
[1-3]. Although the CNT-Ag nanocompo-
sites were obtained more than a decade ago
[4-6], the interest in these materials has
not waned because of need in tailoring of
their properties for certain functions and
expansion of its application to new areas
[7T-11].

Proven methodology for production of
CNT composites with silver is traditionally
used, which is based on reactions of silver
ions reduction in the presence of a chemical
reducing agent [6, 12, 13]. A drawback of
such methods is the necessity of purifica-
tion of the material obtained from the re-
mains of chemical reagents. Furthermore,
chemical reactions occur in the bulk liquid
medium (as opposed to the reactions at the
CNT surface), which cause the loss of the
nanoparticles not bound with the nanotubes.
Ultrasound was harnessed in such technolo-
gies mainly for CNT dispersion in liquid
medium. At the same time, a vast field of
sonochemistry [14—-18] investigates ultra-
sound-induced chemical transformations.
Thereafter a question concerning the role of
ultrasound per se in the technological proc-
ess of CNT-Ag composite formation
emerges. In this connection, the aim of the
present work is to verify a possibility of
production of CNT-Ag composite by ultra-
sound treatment only, that is without use of
any chemical reducing agents, followed by
discussion of possible mechanisms of AgNPs
formation on the CNT surface.

2. Experimental

The process of preparation of single-wall
CNT (SWNTs) composite with silver
nanoparticles was as follows: portions of
SWNTs and AgNOj; salt were placed into
deionized water in a glass vessel and sub-
jected to ultrasound in cylindrical resonator
of UZDN-1 U4.2 ultrasonic disperser (AP
"Electron”, Sumy, Ukraine) operating at
22 kHz frequency and 1 W power.
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To avoid noticeable heating, three ses-
sions of sonication 10 min each were alter-
nated by 10 min breaks. After sonication the
resulting samples were transferred to Eppen-
dorf plastic vessels for further storage.

The selection of the components concen-
trations and their ratios was performed. Ab-
solute concentration of salt was varied from
2 mg/mL to 20 mg/mL; weight ratio
SWNT:AgNO; was changed from 1:40 to
1:200. Composites produced from the mix-
tures containing the highest silver content
(20 mg/mL AgNO; and 1:200 SWNT:AgNO;
ratio) were selected for further studies as the
specimens characterized by higher probability
of AgNPs formation on single nanotubes.

Transmission electron microscopy inspec-
tion of the nanomaterials obtained, visuali-
zation and evaluation of size of AQNPs were
performed with the help of analytical com-
plex "Transmission electron microscope EM-
125" (AP "Electron”, Sumy, Ukraine) oper-
ating at the Centre for collective use of
scientific equipment of the Institute for
Single Crystals of the NAS of Ukraine. For
sample preparation a drop of water suspen-
sion of SWNT-Ag was deposited on a copper
grid and dried.

Mass spectrometry characterization of
the nanomaterial wusing laser desorp-
tion/ionization (LDI) technique was con-
ducted at the Centre for collective use of
mass spectrometer Autoflex II LRF 20
(Bruker Daltonics GmbH, Germany) located
at the Institute for Surface Chemistry of
the NAS of Ukraine. Parameters applied for
mass spectra recording were as follows: ni-
trogen laser with A =887 nm was used,
laser power attenuation was set at 50-60 %
of maximum value (the energy of 100 %
laser pulse was 64 uJ [19]); 20 kV acceler-
ating voltage, laser pulse 38 ns long and
40 ns delay in time for ion extraction were
applied; the results of 10 laser shots were
summarized in linear and reflectron modes.
A drop of the sample was loaded at the
standard steel target plate and dried at am-
bient conditions.

Single-wall carbon nanotubes (Carbon
Nanotechnologies Inc., Houston, TX, USA),
synthesized by HIPCO method and further
purified to 99 % [20], and AgNO;
(299.0 %, Sigma-Aldrich) were used for the
nanocomposite manufacturing. Deionized
water was used for preparation of solutions
and suspensions.
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3. Results and discussion

Visual inspection of water suspensions of
SWNT-Ag nanocomposites produced by ul-
trasound treatment of a mixture of SWNT
and AgNOj; in aqueous medium permitted us
to make some preliminary conclusions as to
the characteristics of the material obtained.
Firstly, the samples evaluated right after
the sonication looked like turbid suspen-
sions in black and white coloring (Fig. 1a),
which distinguished them from suspensions
colored in shades of yellow, obtained during
chemical reduction of silver in the presence
of reducing agents. Secondly, SWNT-Ag
suspensions remained visually unchanged
during several hours, which differentiated
them from the sonicated aqueous suspen-
sions of neat nanotubes, characterized by
rapid sedimentation of the nanotubes after
termination of sonication. Thirdly, gradual
aggregation of the suspension components
with time was observed, which resulted in
formation of visible aggregates (Fig. 1b)
after one day of storage; such aggregation
behavior of the composite also differed from
the rapid precipitation of the neat nanotu-
bes to the bottom of a vessel. These three
features will be further accounted during
the discussion of the mechanisms of forma-
tion of SWNT-Ag nanocomposite under ul-
trasound treatment in the absence of the
chemical reducing agents.

To characterize the material obtained its
electron microscopic inspection was per-
formed. On the photos in Fig. 2 single nano-
tubes and bundles of nanotubes up to 30 nm
in diameter (which corresponds to aggre-
gates of SWNTs from several to tenth of
units) are visible in light grey color. There
are more dark species of rounded form on
the SWNTs surface, which correspond to
nanoparticles of 5—20 nm in diameter (Fig.
2¢). In Fig. 2b a site containing aggregates
of AgNPs on nanotubes mesh is shown. The
method of sample preparation for micros-
copy, consisting in deposition of the ana-
lyzed suspension onto the copper grid, pro-
vides the absence of nanoparticles not
bound to SWNT in the microscopy field.

Next, the material was characterized by
LDI mass spectrometry. LDI mass spectrum
(Fig. 3) of the sample obtained by drying of
the drop of SWNT-AgNPs suspension on
the standard metal target plate contains
sets of peaks corresponding to silver nano-
clusters along with a row of peaks in the
small mass region. The latter correspond to
low mass impurities present as a back-
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a)

Fig. 1. Aqueous suspensions of the SWNT-
Ag nanocomposite obtained by ultrasound
treatment of 1:200 mixture of SWNT and
AgNO5;: a — photographed right after the
sonication; b — after one day of storage.
(The container is an Eppendorf wvessel of
1.5 mL.)

ground practically for any sample due to
high sensitivity of the LDI technique; in the
mass region above ~500 Da the background
peaks are absent or negligibly small. It
should be noted that carbon nanotubes are
not transferred to the gas phase by UV
laser irradiation and thus cannot be de-
tected in mass spectra. A series of Ag,*
clusters recorded in the LDI mass spectra of
the SWNT-AgNPs material has a peculiar
pattern: the highest intensity is observed
for clusters with n = 2, 3; they are followed
by smaller in abundance clusters with odd n
values equal to 5, 7, 9. Reliable coincidence
of the recorded isotopic distributions in the
peaks envelopes of each Ag,* cluster (see
example for Ag;" cluster in the insert in
Fig. 3) with the calculated one [21] con-
firms the attribution of the peaks to silver
nanoclusters. The absolute abundances of
the clusters with n > 38 are of the same
order of magnitude. Such a pattern of Ag,*
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Transmission

Fig. 2.
image of SWNT-Ag nanocomposite obtained
by ultrasound technique (scale bar corre-
sponds to 50 nm (a) or 25 nm (b, c)).

electron microscopy

nanoclusters of interest in the mass spec-
trum in Fig. 8 coincides qualitatively with
the pattern of Ag,* set in the LDI spectrum
recorded at the same instrument for the sil-
ver nanoclusters synthesized by a chemical
method described in work [21]. At the same
time, it differs from the patterns of Ag,*
clusters generated by various mass spectro-
metric desorption/ionization methods from
other silver-containing objects (metal, foil,
salts, colloids, performed nanoparticles).
For example, the pattern of a set of Ag,* (n
up to 60) clusters sputtered from the sur-
face of metallic silver by accelerated ions
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Fig. 3. LDI mass spectrum (reflectron mode)
of dried drop of SWNT-Ag nanocomposite
suspension obtained by ultrasound technique.
In the insert the enlarged fragment of the
spectrum demonstrates isotopic distribution
for Ag," cluster.

bombardment is characterized by monoto-
nous decrease of cluster abundance with n
increase and systematic superiority of abun-
dance of odd-n species over the neighboring
even-n ones [22]. In a work on laser ablation
of silver colloids [23] noticeable dependence
of small clusters Ag,* (n = 1-3) abundance
on the laser type and the wavelength was
reported. As to the LDI from AgNPs, the
relevant information was provided in the
work [24] devoted to application of silver
nanoparticles (~160+20 nm) as a matrix for
LDI of peptides. No silver cluster ions with
n > 3 overlapped with the reported LDI
mass spectra of peptides at laser parameters
being the same as in our investigation
(337 nm wavelength and 20 keV accelerat-
ing voltage). Similarly, in work [25] small
species only with n<3 were observed under
LDI of separate spherical silver nanoparticles,
while larger clusters were produced from sil-
ver nanoislands film. These pattern features
reported in the literature [24, 25] allow us to
propose that odd-n Ag,* (n =5, 7, 9) clusters
recorded for our composite samples are not
generated from larger AgNPs, but exist as
individual species in the nanocomposites.

Laser desorption of such small Ag,* (n =
3, 5, 7, 9) clusters from the nanotubes evi-
dences that, along with nanoparticles de-
tected by electron microscopy, there are
much smaller entities of several silver
atoms at the SWNT surface, which may
serve as nucleus for further growth of
nanoparticles [26]. Experimental observa-
tion of small silver clusters on nanotubes is
a new fact which should be accounted in
determination of the properties of SWNT-
AgNPs nanocomposite.
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To check a probability of silver nanoclus-
ters formation under laser effect on possible
remains of silver nitrate in the sample, the
control LDI experiments for a neat AgNO;
salt were performed. While Ag* ion was
sputtered from the salt, no silver clusters
were observed at the laser parameters ap-
plied in this study.

Further, control experiments on ultra-
sound treatment of water solution of silver
nitrate using the same sonication scheme as
for the composite production, did not show
nanosilver formation in the absence of
SWNT, since no differences were observed in
the UV-vis spectra of the salt solution re-
corded before and after sonication. Note that
the conditions required for silver nanoparti-
cles formation on sonication of salt solutions
were reported in the literature [27, 28].

Absence of the yellow coloring of the lig-
uid water suspension containing SWNT-
AgNPs, marked at the beginning of this sec-
tion, points to difference in the processes
proceeding on chemical reactions in the
presence of reducing agents and on sono-
chemical reactions. The main reason for
these distinctions may be in spatial parame-
ters: chemical reactions with a reducing
agent (as a source of electrons) proceed over
the whole volume of bulk solution; while a
set of discreet reaction zones confined to
cavitation bubbles is present in the system
at a given moment during the ultrasound
treatment.

Since ultrasound is the only factor af-
fecting our system in which, as we have
shown above, the composite SWNT-AgNPs
is formed, it can be anticipated that all
processes resulting in nanoparticles forma-
tion at the nanotube surface must proceed
at its region which fall into a cavitation
bubble. In this connection it is necessary to
consider possible mechanisms of nanoparti-
cles formation in the ultrasound-induced
processes [14-18].

While in the majority of works devoted
to technology of CNT handling the function
of ultrasound is limited to purely mechani-
cal separation of CNT from bundles and
their dispersion in water medium, in the
works devoted to synthesis of nanocompo-
site it is necessary to account the interplay
of nanotubes with ultrasound and sono-
chemical reactions. In particular, the role of
nanotubes in development of cavitation
processes in liquid medium, their role as
centers of heterogeneous nucleation of
nanoparticles growth and their involvement
in sonochemical reactions, as well as corre-
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lation between geometrical parameters of
nanoobjects and reaction zones created by
ultrasound should be evaluated. Further es-
timates are based on literature data related
to these subjects.

Let us briefly describe the processes in-
duced in liquid by ultrasound [14—-18]. The
most significant process is acoustic cavita-
tion which consists in nucleation, growth
and implosive collapse of cavitation bubbles.
The existence of such cavitation bubbles de-
termines primary sonochemistry consisting
in gas phase reactions inside the collapsing
bubble, secondary sonochemistry connected
with reactions in a limited layer outside the
bubble and physical processes caused by
super sound jets and shock waves emerging
during the collapse of a bubble. As to sono-
chemical reactions extensively studied for a
variety of objects, in the framework of a
problem in question we are interested in
defining of reducing agents required for re-
duction of silver ions to neutral constitu-
ents of metal nanoparticles. Such agents
generated in the cavitation process are
solvated electrons [29] and hydrogen radical
H® (atomic hydrogen) [30] formed on split-
ting (sonolysis) of water molecules [31].

Since direct monitoring of the interac-
tion of CNT with cavitation bubbles is ham-
pered by the instability (rapid time variabil-
ity) of the ultrasound-treated system and
small (nano) sizes of the objects, the related
experiments were reported in the literature
for more stable systems and conditions [32,
33]. The process of boiling of liquids incor-
porating CNT was examined as a special
case of phase transitions of first order; the
relevancy of the dimension of a nanotube
surface to phase separation boundary was
considered. Investigations of bubbles
growth directly at the CNT surface were
performed using laser irradiation [32] and
resistive heating [33]. In the site of a nano-
tube heating by the laser (A = 1064 nm,
100 mW power) growth of bubbles with ra-
dius of 5—6 um was observed; separation of
the bubble from the tube did not happen
[32]. On resistive heating by permanent cur-
rent of the CNT-contaning conductive me-
dium, CNTs served as bubble nucleation
centers as well; maximal bubble diameter
was 400 pum [33]. In the notions on ultra-
sound induced sonochemical processes it is
accepted that there are two types of "chemi-
cal reactors”: gas phase inside the cavita-
tion bubble with mean radius 150 uym and a
thin layer of liquid adjacent to the collaps-
ing bubble of ~200 nm width and lifetime

Functional materials, 26, 4, 2019
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after the bubble collapse smaller than 2 ps.
The above information permits the follow-
ing estimates to be done.

The role of CNT in formation of silver
nanoparticles under sonications of the sys-
tem is predetermined by the fact that dur-
ing the growth and collapse of a bubble near
the nanotube surface, the nanotube (or its
part) may be located in the liquid reaction
zone, where electrons and radicals required
for silver reduction are available due to
sonochemical transformations of water. Fur-
thermore, when the average linear dimen-
sions of a CNT exceed the thickness of the
liquid reaction zone (500 nm vs 200 nm),
the conducting CNT can provide transport
of electrons to noticeable distances towards
its part in the bulk liquid. Thus, the prob-
ability of silver ions reduction at the CNT
sites remote from the boundary of a single
bubble is increased. This means that the
CNT with the sonochemical bubble at its
surface increases the cross section of sono-
chemical reactions. On the other hand, lin-
ear dimensions of the gas phase reaction
zone significantly exceed an average length
of a nanotube (0.5 um CNT vs 150 um bub-
ble radius). At such ratio, the nanotube oc-
cupies only a small part of the gas phase
reaction zone and, virtually, can play a
catalytic function in gas phase reactions.

Physical factors affecting CNT under
sonication determine mechanical behavior of
CNT in the instant velocity fields near the
cavitation bubble and thermodynamic pa-
rameters of formation of vapor bubble in
liquid. In a number of works devoted to
theoretical description of CNT behavior
near the cavitation bubble in the sonicated
liquid different forces acting on CNT and
CNT orientation are considered. In work
[84] forces affecting elongated nanostruec-
tures directed radially in relation to the col-
lapsing bubble are described and a model for
description of the cavitational splitting of
single mesoscale fibers (carbon nanotubes,
protein fibrils, silver nanowires) is pro-
posed. In work [385] the dispersion of CNT
under ultrasound treatment is described as
a power function of time ™ (where m =
0.2-0.5). On the bubble collapse short CNT
are oriented radially and more long are
bent. It is obvious that both stretching and
bending can expose the defects on the CNT
surface for contacts with the redox active
environment. The defects of various nature
at the nanotubes surface can serve as cen-
ters for heterogeneous nucleation for AQNPs
growth [14, 36].
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Analysis of the SWNT-AgNPs nanocom-
posite structure at the electron microscopy
photographs in Fig. 2 permits to express
some propositions as to improvement of
technology of nanocomposite manufactur-
ing. It follows from the image that AgNPs
are located mainly at the nanotubes bundles
(not at single nanotubes). Obviously, within
the procedure applied, using of aqueous so-
lution of silver nitrate provides simultane-
ous splitting of the CNT bundles and nu-
cleation of nanoparticles. The latter may
bound several adjacent nanotubes, thus pre-
venting them from separation from the bun-
dle. Thus, to obtain single nanotubes deco-
rated with AgNPs it is necessary to perform
dispersion of the initial CNT sample in pure
water as the first stage, and add silver ni-
trate solution at the next step.

Stability (absence of precipitation) of
SWNT-AgNPs suspension during at least
several hours can be explained by mechani-
cal repulsion between "Protrusions” created
by AgNPs on a smooth surface of CNT or
CNT bundles, which prevents their adhesion
or, otherwise, by temporary preservation of
positive charge at the surface of metallic
nanoparticles, which cause repulsion of the
modified bundles. Note that destabilization
of the suspension with time proceeds not
via sedimentation, but by aggregation of
the composite fibers in the bulk suspension.
The last question is related to the way of
the AgNPs fixation at the CNT surface
either by chemical immobilization or physi-
cal adsorption. In assumption that the cen-
ters of heterogeneous nucleation of nano-
clusters and nanoparticles are defects, i.e.
distortions in the native carbon structure
on the surface of a nanotube, the nanoparti-
cles grown on such defects may be electro-
statically attached to the surface. The above
estimates of the relation of geometrical
sizes of nanotubes and cavitation bubbles
permit to consider tentatively one more at-
tachment mechanism connected with weld-
ing of silver nanoparticles to the carbon sur-
face. From the sonochemistry basics [15, 18]
it is known that the effective temperatures of
the gas and liquid reaction zones of cavitation
bubble may reach 5200 K and 1900 K, re-
spectively. While the melting temperature of
metallic silver is 961.8°C (~1234 K) [37], a
known manifestation of nano-effects is de-
crease of melting temperature of nanoparti-
cles, which correlates with the particle size
decrease [38]. The lowest reported melting
temperature for AgNPs is 112°C recorded
for particles of 3.5 nm size [39]. Thus,
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when the segment of a nanotube containing
a grown nanoparticle finds itself in the re-
action zone of a cavitation bubble, there
appears an opportunity of the silver
nanoparticle melting and welding to the
CNT surface. Note that an average size of
nanoparticles being 5—20 nm is an order of
magnitude smaller than the length of the
liquid reaction layer of the collapsing bub-
ble being ~200 nm. Shock waves arising
during the cavitation bubble collapse [40]
can cause AgNPs implantation into the CNT
surface. This kind of effects were reported
in the literature: melting of AgNPs under
ultrasound procession of fabriecs sprinkled
by nanoparticles was observed in work [41];
anchorage and implantation of AgNPs into
the glass surface on ultrasound treatment
of glass slides immersed in AgQNPs aqueous
suspension was achieved [42] as well as
paper coating by AgNPs was described [43].

Obtained in this work SWNT-AgNPs
nanocomposite match the condition set in
the task of the investigation, namely, it
does not contain reducing agents. Natu-
rally, various reducing chemical agents and
dispersants are selected and tested to con-
trol the sizes and shapes of the growing
nanoparticles; however, in the absence of
special requirements to the size and shape
merely ultrasound treatment is sufficient
for production of CNTs composite with sil-
ver nanoparticles. In the framework of fur-
ther developments of technological proc-
esses thus obtained nanocomposite may be
directly deposited from its water suspension
to some carrier, e.g. to a surface to be cov-
ered by the composite film or to a fabric
with bactericidal properties.

4. Conclusions

SWNT-AgNps nanocomposite is produced
as an aqueous suspension of nanotubes deco-
rated by silver nanoparticles applying ultra-
sound-assisted technique. Presence of silver
nanoparticles with average diameter 5-
20 nm at the surface of nanotubes bundles
is demonstrated by transmission electron
microscopy. Laser desorption/ionization
mass spectrometry shows presence of small
Ag, clusters in the system, which may serve
as nucleation centers for further growth of
nanoparticles. Possible mechanisms of for-
mation of SWNT-AgNps nanocomposite
under ultrasound treatment in the course of
cavitation process and sonochemical reac-
tions is discussed. Comparison of geometri-
cal sizes of cavitational bubbles and nanotu-
bes shows that segments of CNT (or not
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separated bundles) may occur either in gas
phase or liquid phase reaction zones of the
collapsing bubble. Defects on CNT surface,
either initially existing or induced by ultra-
sound, may serve as centers for heterogene-
ous nucleation of AQNPs growth. The agents
for silver ions reduction are available in the
system as solvated electrons or hydrogen
atoms (radicals) generated due to sono-
chemical solvolysis of water molecules. Pos-
sible mechanism of nanoparticles anchorage
at the CNT surface which accounts ultra-
sonic welding is proposed. An advantage of
the proposed ultrasound-assisted procedure
of SWNT-AgNps composite production as
compared to conventional chemical reduc-
tion methods is in the avoiding of the labo-
rious stage of the sample purification by
removing of reducing agents. The composite
obtained may be deposited directly from
water suspension onto various carriers for
further applications.
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