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ABSTRACT

In this report some characteristics of nickel ferrite powder prepared
through the aerosolization technique by atomization were investigated. It
was found that both concentration of the solution and temperature affect
the powder characteristics. The increase of the pyrolysis temperature
increases both the degree of crystallinity and particle size but decreases
the specific surface area. Lowering the concentration of the solution,
raises the decomposition efficiency and produces lower yield with smalier
particle size.



INTRODUCTION

The increasing demand for ceramics with sbetter quality and high
performance (e.g. high reliability and reproducibility) led stringently to
the requirements for greater homogeneity and less imperfection in
ceramic structure. Traditional approaches, such as the grinding of
powders, are reaching the limits of their utility for microstrucural control

To achieve better control of the quality of advanced ceramic
powders several novel processes are under investigation and development
these processes exploit  liquid-phase or vapor-phase as well as
aerosolization. The pupose of these novel processes is to overcome the
disadvantages of the traditional methods to achieve better control of
homogeneity, purity, morphology particle size distribution of produced
particles. In this report traditional and some novel techniques for
fabricating ferrite powders are reviewed and some experimental results
are given

t.1. Conventional Ferrites Proessing

In this technique the starling materials, are mixed in the
appropriate ratio (1). Both dry and wet mixing arc n use. In dry mixing,
demixing can happen due to the differences in density or particle size (2~
4). In wet mixing sedimentation or selective fitration can  give rise to
composition changes. Then firing is introduced to heat up the mixed
powders between 800 and 1300°C to form the ferrite. The fired
constituents are then milled to reduce the particle size and increase the
homogeneity to achieve the powder characteristics stawted by Williams
(5). The miling is followed by shaping green bodies, sintering, and firing.



1-2 Non Conventional Ferrites Processing:
2-1- Precipitation or coprecipitation:

The distinction between precipitation and coprecipitation 18
based on the character of the precipitate. If two or more cations are
existing in the precipitate, the process 1s referred to as coprecipitation,

A large amount of papers related to this technique have been
published (6-16). Although, this technique is superior to the conventional
processes, a number of factors (e.g. pH, concentration, stiring rates,
precipitating rates of components, etc.) (6-8), govern the characteristics
of resultant products and may cause difficulty in precisely controling the
formation of the desired products.

2.2 Sol Gel Technique

In this technique, metal alkoxides, which have the general
formula M(OR), where M is metal with valencey n and R is an alkyl
Cy Hysy are commonly used as starting materials. The alkoxides are
dissolved in and appropriate alcoholic solvent and addition of water
causes the hydrolysis and the formation of corresponding hydrous oxides
(17,18). Carefully controlled conditions can be used to prepare ceramic
powders which have betteer homogeneity, higher purity, much smaller
particle size, hgher rectivity, and lower sintering temperature than the
ones prepared from the conventiaonal process. The average degree of
polymerization of the hydrolysis products depends on the degree of

hydrolysis (19}

Some single metal oxides have been prepared by the sol-gel
technique (20-24). Some researchers have successfully applied this
technology to the fabrication of multi-metal oxides (25-27 ).



Although the sol-gel technique offers some advantages, for the
preparation of ceramic powders, some problems still remain and need to
be sclved. The problems include the need to better control shrinkage to
avoid cracking and to better control processing to produce final ceramic
products with the required degree of crystallinity and porosity.

2-3. Aerosol techniques

The powder synthesis procedures that involve the
aerosolization of a solution into a chamber of controlled temperature and
atmosphere to accomplish solvent evaporation and chemical reaction to
obtain the required phase or phases are referred to as aerosol techniques.
Sproson and Messing (28) classified this kind of procedures as the
thermal reaction of atomized solutions processes (TRAS). The chemical
reactions occurring in these procedures may be classified as
decomposition, hydrolysis, and pyrolysis.

Aerosol technique can be used for preparing simple phases
produced from one starting material, such as simple oxides, or phases
containing oxides of more than one metal produced from more than one
raw material. The major atribute of aerosol techniques is that one or more
salts can be dissolved in a suitable solvent to form a homogenous
solution which then can be sprayed to fine droplets having the reuired
amount of reactant . Each droplet acts as separate reactor containing the
constituents mixed in the atomic scale with no chemical segregation
chemical segregation which is due to the solubility product differences in
multicomponent systems ocurs in precipitation process.

The most widely used raw materials for acrosol process are
metal salts including nitrates, acetates, chlorides, and sulfates. These salts
are used because they can be converied to the corresponding oxides on
decomposition. The latter point is significant to ensure complete reaction
within the short residence time that typifies aerosol process.



Aerosols can be generated by one of the following to methods: the
evaporation condensation method or the atomization method. The
evaporation condensation method was used 1o obtain subrmicron metal
oxides and the mixed metal oxides, with modal diameters below 1 micron
(29-31). Evaporation condensation technique can be controlied to
produce narrow size distribution of droplets, but this technique cannot be
applied to materials which decompose below their boiling point. Aso, the
nonvolatile liquids cannot be used to generate the required aerosol,
However, atomization technique can be applied to all solutions (volatille
or nonvolatile).

The mophologies of resulting particles depend on the physical and
chemical properties of the solution and the operating conditions of
process. During the process the solvent initially evaporates from the
droplet surface, resulting in localized solute super-saturated.
Consequently, the salt precipitates at the droplet surface to form dried
surface layer of salt particles. The different particle morphologies which
can develop during the drying of salt solution droplet were qualitatively
classified by Charlesworth and Marshal (32), in terms of the physical
nature of the dried surface and relative drying temperature Nitrate derived
powders generally consisted of hollow, shell like aggregates, and sulfats
result in flakes or hollow shells(28).

A knetic study of hydrolysis of metal alkoxide aerosol droplet in
- the presence of water vapor was conducted by Ingebrethen and Matijevic
(33). Pratsinis et al. (34), studied the design of laminar flow condensers
(used for condensation of some stabie alkoxide vapor) for production of
monodispersed aerosols and reported the etfects of process parameters
and condenser configuration on product aerosol characteristics.

Kodas et al. (35), applied the aerosol techniques to the fabrication
of a superconducting ceramic, Y; Bas; Cus O, . They used nebulizers to
generate required aerosol droplets. They synthesized fine Y, Ba, Cuy O
powders by atomizing solution of the nitraie salis of Y BaCumna 1:2:3
ratio.



2- BQUIPMENT AND DXPERIMENTAL TECHNIQUES

2-1- Equipment

A schematic diagram of the equipment used in this study is shown
graphically mm Fig. 1. The components of this equipment are:

a- Aerosol generator;

A six jet atomizer, Model 9306m thermal system nc., was
used (o accomplish the generation of required aerosols. From one to six
jets can be used to offer a broad range of control over both the droplet
number concentration and the total droplet output. A pressure regulator
and gauge are ounted on the atomizer, The regulator that ranges from 0 to
3.4 atmospheres governs the input pressure of the atomizer and the
pressure is displayed on the gauge.

b- Aerosolization gas system:

An air compressor, model GH-505, was used to supply the
required compressed air, which was then filtred using an air filtr, model
3074, Thermal System Inc. The filter is followed by a pressure regulator
and a stlica gel desiccant drier to remove the moisture from the gas.
Finaly the compressed gas passes through a high efficiency filter to
remove fines before entering the atomizer

c- Tube furnace and terélperature control system:

A tube furnace 50 mm inner diameter 91 Cm length was
nsed to evaporate the solvent and allow for decomposition and solid state
reactions. The temperature was controlled using an Omega, Model 4001-
KC, temperature controller. To avoid the condensation of aerosol before
introducing to the tube furnace, a 60 Cm long fiexible electric heating
tabe was used as a preheater.



2-2 Preparation of mixed nitrate solution and aerosolization:

An aqueous solution of frric nitrate and nickel nitrate was prepared
from the corresponding salts i the ratio to give nickel ferrite afier
aerosolization. The aqueous solution was mixed thoroughly. The solution
was then loaded into the atomizer container, The furnace was turned on
to reach the specified temperature. The air compressor was turned on and
the pressure was adjusted. The resultant particdles in the exiting aerosol
flow were collected on the nucleopore filter and transferred to glass vials.

2-3- Product characterization:

The effect of operating conditions on the characteristics of the
product were investigated by X-ray diffraction, SEM-BET, particle size
analysis, and thermal analysis.

The X-ray diffraction and thermal analysis provide means of
determing the degree of ¢rystallinity and the efficiency of decomposition.
Scanning electron microscopy (SEM) can be used to show the
morphology of the product. BET surface area provides the information of
surface area. Also, from the particle size measurment the size analysis
and distnibution can be obtained.

3- EXPERIMENTAL RESULTS AND DISCUSSION

3-1- Operating conditions inside the tube reactor:

All the operating conditions for the process. except the processing
temperature and dilution of the starting solution, were kept constant
during this study. One jet of the atomizer was used and the input pressure
was set at 2.04 atm., (gauge pressure), 1o generate the required aerosol
droplets. This situation correspons  to about 7.450.min aersol output (as
assessed by the manufacturrer) and conscquentully, Revnolds Number



inside the tubular reactor is estimated 1o be 396 at 20 °C and 34 at 1000
°C assuming that the flow is mainly air. These operating coditions gave a
residence time of the aerosol inside the tube furnace about 3.71 S. As the
walltemperatures were adjusted to 500,600,700,800, and 900 °C (in the
hotest zone), this corresponded to 480,570,660,740, and 810 °C when
using an aerosol produced by applying the prementioned operating
conditions. The average temperature at the hottest zone will be used to
represent the pyrolysis temperature.

3-2- Charactracterization of aerosolization product usmg 5 w
Fe (NOs); mixed nitrate solution:

Using the operating conditions mentioned earlier in 3.1., the effect
of pyrolysis temperature on the aerosol products for a mixed nitrate
solution containing Sw% Fe(NO:); was investigated. The study was
carried out using X-ray diffaction analysis, thermal analysis, density
measurement, particle size distribution, scanning electron microscopy and
BET surface area measurement.

The X-ray diffraction patterns for the aerosol products obtained by
using the 5 w% Fe(NGO,); as a starting material are shown in Figures 2
and 3 . From these figures it is clear that pyolysis at 570 °C and below
vields non crystalline materials. The increase in the processing
temperature, 660 °C and above Fig.3, increases the degree of crystallinity
and crystal growth (the sharpnes of the peaks).

The thermogram curves, using a heating  rate 5 °C/min up fo
1500 °C for the aerosolization product are shown in Fig. 4. For the
product at 570°C and above lower loss in wight is obtained while for
those collected at 480°C and below, higher wieght loss is obtained . This
indicates the existence of residual hydrated salis. As the TGA curves
indicate the efficiency of pyrolysis and removal of volatile components.
Using this assumption, and TGA curves, the efficiency of decomposition



was calculated for the temperature used in this investigation which are
450,480,570,660,740, and 810°C and was found to be74,76,88,91,94,
and 96 respectively.

The SEM photomicrographs for the products indicated that the
particles are hollow spheres, as it is shown in Fig.5, this agree with the
results of Sproson and Messing (28)

The results obtained for particle size distribution showed that the
powders formed at high pyrolysis remperatures have a broad size
distriubtion as it is clear form Figures 6 and 7 . It is also clear that as the
aerrosolization temperature increases the powder so obtained has more
than one modal of distrnibtion 1.¢. One modally distributed powder at
480 °C and six modally distributed at 810 °C

The specific surface area as measured by BET method s given in
Table 1. High values of specific surface area are obtained at low pyrolysis
temperature and as the pyrolysis temperature increases the specific
surface arca decreases. The smaller particles obtained at low temperatures
explain the reason for the high specific surface area.

The magnetization of the powder way examined and the results are
given in Table.1. It is clear that as the processing temperature increase the
magnetizaiion becomes sensible.

3-3- Characterization of aerosolization product using mixed nifrate
P g

solution, [1.5 wi% Fe (NOs) ;]

A dilute mixed nitrate solution containing 1.5 wi% Fe(NO,),, with
a composition to produce NiFe, O, after processing. The solution was
aerosolized at 480,740, and 810°C . The thermogram curves for the



acrosolization products are shown in Fig.8. It is obvious that the
efficiency of forming nickel ferrite for these products is higher than those

prepared using a solution with a higher concentration, aerosolized at the
same temperature, Fig. 4.

The X-ray patterns, Fig. 9, reveal that the particles obtained at
480 °C are not well crystalline materials, but those obtained at 740 and
810 °C consist of well erystalline NIFe,(;.

The SEM for products, obtained from the low concentration
solution at the same conditions using the higher concentration solution
showed that the particles are smaller in size and more unkform than those
obtaimned using a higher concentration solution. With low concentration
the content of the salt in each droplet is less and after evaporating more
hquid a smaller spherical crust is formed . Although low concentration
produced smaller active particles, the yield is much smaller
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4-CONCLUSION

The aersosolization products derived by using nickel nitrate,
ferric nttrate solution in the ratio form NiFe,O, consist of
hollow spheres.

The aerosolization produets very from nonecrystalline to
crystalline materials

The increase of the pyrolysis temperature increaes the
decomposition efficiency, the crystallinity, the average size
of the resulting particles and the particle size
distribution rnage but,  decreases the specific surface area
and the average bulk density.

As the decomposition temperature increases more than one
mode of distribution of the product powder is obtained.

Decreasing the concentration of the starting solution, raises
the decomposition efficiency and produces lower yield
with smaller size.
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Table.1
Characteristics of the Aerosol Products

Using Mixed Nitrat Solution

Pyrolysis | Magnetic | Average | Particle |  Specific ECrysta]liza
Temperature | Character | powder |  Size | Surface Areay | tion
(deg.C) | | Density | [Median] | by BET
(g/om)  (mieron) (m/g)
480 | nome | 355 057 112 non-cryst
570 1 nome | 349 { 0.62 | 106 non-cryst
660 | exist ] 315 | 085 | 87 slightly cryst
740 | exist 302 | 091 ! 14 slighly cryst.
810 | exist | 228 | 107 | 11 slighly cryst.
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