PROCEEDINGS OF THE INTERNATIONAL CONFERENCE
NANOMATERIALS: APPLICATIONS AND PROPERTIES
Vol. 2 No 3, 0BNCNN18(4pp) (2013)

fvee
NAP-2013
RS

7S

Nanocomposites Based on Chitozan and Carbon Nanotubers with Iron Oxides Formed by in
situ Precipitation

I.M. Bolbukh!*, G.S. Gunko?!, G.Yu. Yurkov?, G.P. Prokhodko?!, V.A. Tertykh!

L Chuiko Institute of Surface Chemistry of National Academy of Sciences of Ukraine, 17, General Naumov Str.,
03164 Kyiv, Ukraine
2 The Federal State Unitary Enterprise "All-Russian Scientific Research Institute of Aviation Materials” State
Scientific Center of the Russian Federation, 17, Radio Str., 105005 Moscow, Russian Federation

(Received 20 May 2013; published online 31 August 2013)

Composites which contain iron oxide nanoparticles and unmodified or aminated silica were synthesised
by in situ precipitation of ferrous salts in chitozan or glucose solution. Nanocomposites based on oxidized
or aminated carbon nanotubers were obtained by immobilizing oxide nanoparticles in surface layer during
salt precipitation in water dispersion. The metal-containing phase was obtained by the Elmore reaction us-
ing different ratios of ferrous ammonium sulfate hexahydrate (FeSO4 (NH4)2SO4-6H20) and ferric chloride
hexahydrate (FeCl3:6H20). The composites obtained were characterized using FTIR spectroscopy. In addi-
tion for selected samples XRD, DSC, and specific surface area measurements were carry out. The analysis
results indicate that in situ co-precipitation of iron oxide precursors in chitosan or glucose allows producing
Fe304 particles with the average size ca. 5-7 nm. The presence of silica leads to particles size decrease
which can be controlled, along with iron oxide particles location, by changing the silica surface functionali-
ty. Characteristics and location of iron oxide nanoparticles in nanotubers modified layer are strongly de-

pended from nature of the groups attached to surface.
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1. INTRODUCTION

Many researchers are looking for various methods
for preparation of chitosan-FesOs mnanocomposites.
However, not only magnetite particles size but also the
structure of matrix determines the properties of a com-
posite. However, very little is known about the effect of
nanoparticles on the rheological properties of these
systems which have been proven to be crucial for bi-
opolymer composites. For example, addition of silica
nanoparticles invariably impairs the gelation process,
as viewed by the reduction of gel strength and decrease
of gelation and melting temperatures. On the other
hand, formation of FesO4 nanoparticles in the presence
of a biopolymer promoted the gelation process and led
to an increase of the gel viscoelastic moduli and gela-
tion temperature [1]. As has been demonstrated [2],
high chitosan concentrations prevent formation of
magnetite due to the slow diffusion of the alkali species
through the viscous medium provided by chitosan. But
the presence of magnetite nanoparticles increases the
elastic modulus which results in reinforcement of the
chitosan ferrogels. As both the filler and polymer have
significant influence on composite inner structure and,
hence, on material properties; that is why in present
study we discuss mutual influence of a carrier surface
nature (silica particles or nanotubers), polymer matrix,
and magnetite prepared via in situ precipitation in bi-
opolymer solution.

This paper describes the synthesis of iron oxide na-
noparticles accomplished by in situ co-precipitation of
ferrous and ferric cations by aqueous ammonia in solu-
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tions. The study aims to investigate, on one hand, the
influence of concentration and type of iron oxide pre-
cursors on formation and characteristics of magnetite
nanoparticles and, on the other hand, the effect of the
magnetite nanoparticles on the chitosan structure.
Also, the influence on magnetite particles formation the
silica or nanotubers surface (contained hydroxyl groups
or aminated) in this process are discussed.

2. EXPERIMENTAL SECTION
2.1 Materials

Chitosan (CTS) (DD 85 %, 220 kDa) was obtained
from shrimp shells by a known method that includes a
demineralization in HCl and deacetylation in alkaline
solution under heating. Glutaraldehyde (GA) 25 % so-
lution was purchased from Acros Organics (Belgium)
and glucose (Gl) was purchased from Fluka. All other
chemicals purchased from commercial sources were
analytical grade: Mohr's salt (ferrous ammonium sul-
fate hexahydrate FeSO4(NH4)2SO046H20), ferric chlo-
ride hexahydrate FeCls6H20, aqueous ammonia
(25 wt %), glacial acetic acid, toluene. All the chemicals
were used as received without additional pre-
processing. Fumed silicon dioxide (A-300) with the spe-
cific surface area of 300 m?/g was provided by Kalush
Research Plant, Ukraine. Aminated silica (A-NH2) was
produced by  modification of A-300 with
y-aminopropyltriethoxysilane (Fluka) in toluene at mild
conditions. The concentration of the attached amino-
groups determined by means of acid-base titration was
0.36 mmol/g.
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Multiwalled carbon nanotubes (MWCNTs) were
synthesized by pyrolysis of propylene on the ferrugi-
nous catalyst (ISC NASU production). Nanotubes oxi-
dation was performed in hydrogen peroxide 50 % solu-
tion at 80 °C for 48 h. Oxidized nanotubes surface mod-
ification was carried out from toluene solution of
y-aminopropyltriethoxysilane.

2.2 Synthesis of Iron Oxide-Containing Compo-
sites

Composites based on chitozan and metal-containing
phase were synthesized by the Elmore reaction using
the Mohr salt (ferrous ammonium sulphate
(FeS04(NH4)2S04-6H20) and ferric chloride hexahy-
drate (FeCl36H20) via in situ precipitation at mild
conditions without and in presence of the silicas as sta-
bilisers for the growing particles of a magnetite. The
materials composition is represented in Table 1.

Chitosan solution was prepared by dissolving a tar-
get quantity (Table 1) of chitosan powder in 50 ml of
3 % acetic acid solution. GA 2.5 % solution was pre-
pared by dilution of initial reagent. Required quantities
of magnetite precursors were dissolved in 5 ml 3%
solution of acetic acid and then poured into flask with
chitosan solution at mechanical stirring. The mixture
was covered with toluene and heated to 60-65 °C. After
5-10 min the aqueous ammonia was quickly added un-
til acidity of the reaction mixture reached pH 11. When
the mixture became black, the dispersion pH was re-
duced to 7 by adding acetic acid and 2.5 % GA solution
(5ml) was introduced. A cross-linked magnetite-
containing polymer composite was precipitated with
centrifugation (4000 rpm for 15 min), and rinsed with
ethanol and distilled water for three times. Finally, the
material prepared was subject to drying for 48 h at
room temperature. The same procedure was applied for
synthesis of silica filled composites; the only difference
was that the silica was introduced into the solution
before heating. Samples 9 and 10 were obtained by
mixing iron-containing salts with glucose (Gl) aqueous
solution followed by chemical co-deposition, washing,
and drying at the abovementioned conditions. Immobi-
lisation of iron oxide nanoparticles on carbon nano-
tubers was performed from aqueous salts solution with
pH correction during synthesis procedure at 70 °C.

3. RESULTS AND DISCUSSION

3.1 Effect of Iron Oxide Precursor’s Nature on
Composite Structure

The structure of polymer matrix with in situ formed
iron-containing nanoparticles will strongly differ from
the pure CTS. FTIR spectrum of the Sample 2, corre-
sponding to pure CTS, testify formation of a material
with larger amount of amino groups; confirm the low
intermolecular interaction in the polymer matrix but
testifies chemical interaction of the system components.
The use as iron oxides precursors the ferrous ammoni-
um sulphate (FeSO4(NH4)2S046H20) and ferric chlo-
ride hexahydrate (FeCls:6H20) (Sample 3) results in
more stable magnetite phase forming. There are both
individual Fe3Os nanoparticles and FesOs-chitosan
composite. Obtained results testify the formation of a
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complex between the surface charged Fe304 nanoparti-
cles and cationic CTS matrix; the FesO4 nanoparticles
are coated by (or embedded into) chitosan and a high
cross-linking degree of chitosan via formation of azome-
thyne groups (C =N) as was followed from FTIR spec-
tra. Consequently, if only Mohr’s salt is used as the
source for iron, the chitosan-based composite formed
will have low resistance to oxidation of the metallic
particles and weakly cross-linked polymer matrix.
Using both Mohr's salt and ferric chloride as the pre-
cursors allows producing a composite with a more sta-
ble magnetite phase and high cross-linking degree of
the polymer matrix.

3.2 Effect of Silica Fillers
Structure

on Composite

The formation of the composite structure in case of A-
300 presence depends on interaction of the system com-
ponents with silica surface. The interaction of silica with
iron oxide particles is confirmed, in particular, by the
presence of the characteristic band (817 cm~1) which is
specific for silica/iron oxide systems and can be at-
tributed to vibration of Si-O bond in terminal groups.
This band decreases as the degree of surface modifica-
tion increases. According to obtained spectrum the Sam-
ple 4.1 contains FesOs/ Fe20s3 particles with Fe-OH
groups on their surface. After cross-linking the polymer
with glutaraldehyde (Sample 4.2) a several types of bind-
ing of silica and composite components take place. The
narrowing of the peak attributed to the Fe-O stretching
vibration in tetrahedral site testifies a change of the
crystallite structure due to availability of the silica sur-
face. Thus, we can assume that the formation of oxide
phase occurs on the silica surface and the interaction of
magnetite and polymer is realized during chitosan cross-
linking with glutaraldehyde. The complex compounds of
iron oxides with chitosan are formed on the surface of
silica particles in Composite 4.2. Magnetite, however, is
present in the composite, but either its amount is small
or very small magnetite particles are formed, which
complicates their identification. The findings also imply
that the magnetic nanoparticles located on silica surface
have a chitozan coating adsorbed on them.

Change of the silica surface nature significantly af-
fects the structure of the final composite. Namely, the
influence of the modifying silica layer on the macromo-
lecular packing of the polymer matrix was observed.
Analysis of the results suggests that the Composite 5
has the magnetite particles distanced from the silica
surface, and aminopropyl groups on the silica surface
facilitate compaction of the adsorbed chitozan layer
with iron oxide particles embedded. DSC was used to
determine if the change in the polymer microenviron-
ment occurs in the presence of magnetite and unmodi-
fied or aminated silica. For samples 3-5 the exo-effect
peak ascribed to amino groups destruction becomes
more intense. The excessive amounts of - COOH groups
promotes formation of a pseudo-crystalline phase due
to the intermolecular hydrogen bonding. The emer-
gence of this effect on the DSC curves is a proof of the
existence and the emergence (or degradation) in the
course of the experience of different supramolecular
structures. It’s likely that microdomain structures with
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Table 1 — Materials used for syntheses of samples
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3 CTS | Gl | Mohr's salt | FeCl3 [ A-300 | A-NH2 | GA
amples -
Quantity (g)
1 0.75 — — — — — 0.132
2 0.75 — 0.2 — — — 0.132
3 0.375 — 0.3 0.42 — — 0.066
4.1 0.375 — 0.3 0.42 0.182 — —
4.2 0.375 — 0.3 0.42 0.182 — 0.066
5 0.375 — 0.3 0.42 — 0.182 0.066
6 0.375 — 0.6 0.3 — — 0.132
7 0.375 — 0.6 0.3 0.182 — 0.132
8 0.375 — 0.6 0.3 — 0.182 0.132
9 — 1 0.6 0.3 — — —
10 — 1 0.3 0.3 — — —
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N 4
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Fig. 6 — (a) — XRD patterns of Fe3z04/ Gl (1) and FesO04/ CTS (2) (samples 9 and 6, respectively); (b) — XRD patterns of the
chitosan (1) and iron oxide-containing composites without silica (2) and filled with A-300 (3) or A-NH: (4) (Samples 3-5,
respectively); (¢) — XRD patterns of magnetite / carbon nanotubers that were oxidized (1) and with attached amino group (2) and
pure FesO4 obtained without nanotubers at the same conditions (3); (d-f) — TEM micrographs of composites based on magnetite
particles and oxidized, aminated and modified with chitozan nanotubers, respectively.

low branching but high amount of carboxyl groups are
formed in this case.

Analysis of the curves suggests that the thermal
stability of the composites is higher compared with that
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of pure chitosan. Preparation of magnetite
nanoparticles in situ facilitates formation of structures
which have destruction temperatures above 380 °C.
The presence of magnetite and silica promotes
formation of a discrete regular globular structure with
varying packing density of surface layers of the
polymer. In addition, amino groups on silica surface

provide for cross-linking of adsorbed chitosan
macromolecules.
3.3 Effect of Stabilizer Nature on Iron-

Containing Phase Composition

The change of the stabilizing agent with the precur-
sor mixture ratio unchanged (0.6 : 0.3) affects composi-
tion of the iron-containing phase. The FTIR spectrum
of sample 9 indicates that magnetite is dominant in the
composite, unlike the composite based on chitosan
(sample 6). The spectrum profile indicates that glucose
interacts with the nanoparticles.

Less amount of Mohr’s salt in the precursor mixture
(Sample 13) results in higher amount of Fe203 in the
sample, as well as, a compaction of the stabilizer mole-
cules' packing. Obtained results points on Fe-OH groups
presence and uniformity of the iron oxides lattice. Most
probably, magnetite is located in facets of glucose crys-
tals or on their surface. It's worthwhile to note that ow-
ing to the composite fine dispersion it is hard to be
cleaned from excessive stabilizer and requires long dry-
ing times. Higher amounts of Mohr’s salt (sample 9) re-
sult in formation of a more loose structure of the ad-
sorbed stabilizer layer. Compared to the spectrum of
sample 10, the FesO4 dominates in sample 9, and nano-
particles are covered by the stabilizer. It’s likely that the
excess of Mohr’s salt facilitates compatibility of the iron-

containing and organic phases.

3.4 Effect of Matrices Nature on Characteristics
of Iron Oxides Particles

In order to confirm the presence of FesOs, the struc-
ture of same samples was characterized by XRD (Fig. 1).
The average sizes of iron oxide particles were estimated
from XRD patterns using the Sherer's formula [3]. Dif-
fraction patterns of both chitosan- and glucose-stabilized
magnetite nanoparticles (Fig. 1a) contain six diffraction
peaks at 260=21.5 (111), 35.4 (220), 41.6 (311), 50.8
(400), 63.2 (422), 67.9 (511), 74.4 (440) which can corre-
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cles are coated by amorphous chitosan.

The structure of magnetite nanoparticles in samples
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Peaks of FesO4 are weaker and broader than in case of
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Found that the charge on the surface of nanotubes
affects the size of magnetite particles formed in situ,
whereas modifying layer architecture causes the particle
distribution in the sample
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