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INTRODUCTION

In recent years cobalt and cobalt oxide nanoparticles have attracted substantial research
effort because of their potential applications such as protective materials, catalysts, magnetic data
recorders, batteries and gas sensors (Jang et al, 2004). To improve their functionality and
biocompatibility nanoparticles are frequently coated with SiO; (Teleki et al., 2008). In this work, we
studied C00,-Si0, binary nanoparticles synthesis by metal organics chemical vapor deposition
{MOCVD) using organo-compound precursors cobalt acetylacetonate (CoAA) and tetraethyl

orthosilicate (TEOS).

EXPERIMENTAL

Particles were synthesized in an externally heated tube flow reactor with i. d. 25 mm and the
length of heated zone 1 m. Experiments were performed in an inert atmosphere using nitrogen
as a carrier gas (pyrolysis) as well as in oxidizing atmosphere at 10 vol. % of oxygen in the reaction

mixture {oxidation), see Fig. 1.
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Fig. 1 Scheme of inlet section arrangements for pyrolysis and oxidation of CoAA.
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Particle production and their characteristics were studied in dependence on reactor
temperature {Tg: 600 — 900 °C), concentrations {vapor pressures) of precursors (Pcoaa: 0.32 — 2.06 Pa;
Preos: 0 — 5.67 Pa), oxygen concentration {co: 0 or 10 %), and reactor flow rate (Qg). Precursor
concentrations in the reaction mixture were controiled by the variation of the saturator temperature
(CoAA) or by carrier gas flow rate through the saturator (TEOS), and they were calculated

on the basis of experimental data of Gitze et al. (1970) from the equation:
426731

(2.5 = }
P....(Pa)=133.322x10 5 (K) N
and from the equation presented at Okuyama et a/. (1986):
1935555 |
P (Pa)=133.322x e T (K) . "

The particle production was monitored by scanning mobility particle sizer (SMPS, 75/ model
3936) and samples for particle characterization were deposited onto TEM grids using nanometer
aerosol sampler (NAS, TS/ model 3089) and on Sterlitech Ag filters. Particle morphology was studied
by high resolution transmission electron microscopy (HRTEM, JEOL 3010), crystallinity by selected
area electron diffraction (SAED) and X-ray diffraction (XRD, PANalytical X'PertPRO), and chemical
composition was analyzed by energy dispersive spectrometry (EDS, INCA/Oxford) connected
to HRTEM and X-ray photoelectron spectroscopy (XPS, ADES-400, VG Scientific).

RESULTS

Particle production
The particle production was affected by all investigated parameters including the chemistry

of precursor decomposition, in particular by concentrations of precursors {Peoas, Preos). The examples
of the influence of Ty and Pros On patticle size distributions {PSD's) are shown in Fig. 2 and Fig. 3.
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Fig. 2: Influence of Tz on PSD's at Pcoa=0.32 Fig. 3: Influence of Pipos on PSD's at Tr=900
Pa, Pros=1.89 Pa, co=10 vol. %, °C, Pcoan=0.32 Pa, co=10 vol. %,
Qr=1000 cm*/min, OXIDATION. Qr=1000 cm*/min, OXIDATION.

Particle characteristics
Particle characteristics were predominantly a function of the chemistry of precursor

decomposition, but they were also affected by reactor temperature and concentration of precursors.
Experimental conditions of the samples chosen for particle characterization are shown in Table 1.
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Table 1 Process parameters of the CoAA samples and crystalline structures detected by SAED [#],
XRD [*] and/or HRTEM [&].

Sample T P i
NoF: ["E] [;o:f TIT?E:]S [cmgl.:nin] [v:!(.)%] ga:/i:al\:rent Crystalline phases

CoAAS 700  0.32 1.89 1000 10 N,/O, Co0*
CoAAlS 700  0.61 1.89 800 0 N, Co:0.™*
CoAAl8 900 061  5.67 800 0 N2 n.a.
CoAA22 900 206  1.89 800 0 N; Co®
CoAA23 900  2.06 5.67 800 0 N, Co®, Cos0.*
CoAA24 900  2.06 5.67 800 10 N»/O; Co0", C0;0,""
Morphology

Particle morphology can be seen on TEM images in Fig. 4 and Fig. 5. At lower T, particles had
broader size distribution, typically from 5 to 25 nm {(Fig. 4), at Tz 900 °C, the typical particle size
varied between 5 and 10 nm (Fig. 5).

i

Fig. 4: HRTEM images of the sample COAAS. Ty=700 °C, Qx=1000 cm’/min, Peoas=0.32 Pa,

PT505=1.89 Pa, C0=10 vol. %.

—

Crystallinity

Crystalline structure can be seen on TEM images in Fig. 4 and Fig. 5, and it is summarized
in Table 1. Particles produced by pyrolysis were XRD amorphous and selected area electron
! diffraction (SAED) patterns were usually rather week. HRTEM images revealed lattice fringes in the
cores of particles, which were typically indexed as hexagonal Co or, in some cases, cubic Co3;0,.
\ Samples prepared by oxidation showed much better developed SAED patterns and also XRD
confirmed cubic CoO and cubic Co30,4 crystalline structures.

NS

! Composition
‘ XPS analysis showed Si in the oxide state in the surface layer of particies prepared both

in an inert and oxidizing atmosphere. Co-O bonds were identified in the samples prepared by
oxidation and mixture of Co-Co {metallic clusters) and Co-O as well as C-CH,, C-O and C=0 bonds
were detected in particles prepared by pyrolysis.
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Fig. 5: HRTEM images of the sample CoAA22. T.=900
Prens=5.67 Pa, Co=0.

"C, Q=800 cm*/min, Peass=2.06 Pa,

CONCLUSIONS
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