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ABSTRACT

Kinetic Studies on Nano-Materials in Solid State

Raghda Kamal El-Din Hussein
Department of Chemistry, Faculty of Education, Ain Shams University

The influence of particle size on the thermal decomposition of nano-
cobalt oxalate dihydrate and nano-lead oxalate, Co(C,04)-:2H,0 and
Pb(C,04) were studied by means of thermogravimetry (TG) technique
under non-isothermal and static air conditions. The studied samples and
the final products were characterized by means of X-ray diffraction
(XRD), Fourier transform infra-red (FT-IR) and transmission electron
microscopy (TEM) techniques. The kinetic analysis of the thermal
decomposition for Co(C,04):2H,0 and Pb(C,04) was performed by both
integral and differential calculation methods including the following
procedures: isoconversional methods (model-free) (including the
Friedman (FR), Kissinger—Akahira—Sunose (KAS) and Flynn—Wall-
Ozawa (FWO) methods) and Four calculation procedures based on single
TG curves such as Satava-Sestak, Madhusudanan-Krishnan-Ninan,
Wanjun et al as well as Coats and Redfern methods. Based on the
iterative isoconversional calculation procedure, the activation energy
values Ej; associated of Co(C,04):2H,0O and Pb(C,04) were evaluated.
Comparing the kinetic results thirty five reaction models, it was found
that decomposition data were well expressed by the Avrami-Erofe'ev
model. The values of AS?, AH" and AG” for the two stages were also
computed. The influence of particle size on the thermal decomposition
was verified. The results showed that the reactivity of the thermal

decomposition increased with decreasing the particle size.
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(Color online) Co-oxalate unit cell of the orthorhombic 3-
phase of JCPDS file 25-0250. There are eight cobalt atoms
located in two non-equivalent positions designed as Col
and Co2, each cobalt ion is shifted respect to other by a
translation vector (1/2, 1/2, 0).

L e e e

(a) Unit cell of a-PbO (dark blue spheres) occupies the (c)
site, 0% (light yellow spheres) occupies the (a) site. (b)
Showing the layered structure of PbO and the wide-
stretched open space between the Pb—O-Pb layers.
Crystal structure of cobalt oxide Co30a.

Isothermal da/dt time and a time plots for solid-state
reaction models (Table 1); (a) acceleratory; (b-d)
Deceleratory; (e) constant; (f) Sigmoidal.

Ll e e e e e en e

Non isothermal da/dT and a temperature plots for solid-
state reaction models (Table 1); (a) P-models; (b) D-
models; (c-e) F and R models; (f) A-models.

Two types of nuclei growth restrictions: black dots are
nucleation sites; shaded areas are nuclei growth regions.
Geometrical crystal shapes: (a) cylinder; (b) sphere; (c)
cube.

One-dimensional diffusion through a flat plane.

Schematic representation of a cylindrical particle
reaction.
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