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ABSTRACT

Process parameters were studied in synthesis of LiCoO, powder by ultrasonic spray pyrolysis. Concentration of the mixed solu-
tion influenced the size, shape, and yield of the synthesized powder. The yield was affected primarily by the height of the solu-
tion, and then by the flow rate of a carrier gas. The temperature of the reactor governed the crystallinity and morphology of the
powder. LiCoO, powders were synthesized as a layered high temperature phase above 800°C. The synthesized powders were
sphere and secondary particles consisted of primary particles of 55—70 nm. The secondary particles became bigger from 0.28 to
1.43 um as the concentration of the solution was increased from 0.05 to 2.0 M. The 2.0 M solution provided the highest produc-

tion rate.
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1. Introduction

pray pyrolysis has a merit of continuous process which

is considered to be more economic than a batch process.
It can employ various starting materials as long as they are
soluble in water or organic solvents. Furthermore it pro-
duces spherical particles which are desirable for advanced
ceramic process.”® The process comprises 4 steps : 1) gener-
ation of drops from a precursor solution, 2) shrinkage of
drop due to evaporation of the solvent, 3) formation of
spherical oxide composite by decomposition, 4) crystalliza-
tion.” Ultrasonic spray pyrolysis is a process to produce
drops of a precursor by ultrasonication. The production rate
is low comparing to that of drops produced by high speed
gas blowing but the drops are more homogeneous. Submi-
cron size drops can be produced when a high frequency is
employed, which results in homogeneous spherical submi-
cron particles.>® But the relationship between drops and
produced particles are not clear yet, therefore researches
have been undergoing. Milosevic et al.” reported that they
were able to synthesize BaTiO, of 0.53 um by producing
drops of 2.2 um. Choa et al.” synthesized Fe,0,/MgO of
0.41 pum by producing drops of 2.89 um. The drop sizes were
not measured but calculated from Lang’s equation derived
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from Kelvin’s and they have a tendency to be come out
smaller.®’ Tsai et al.” measured drops of the zirconia precur-
sor solution by a laser diffraction. Drops of 6.8 um produced
at 1.67 MHz became particles of 0.65 um, but unexpectedly
drops of 37 um produced by ultrasound two-fluid atomiza-
tion resulted in 0.35 um. This confliction comes from incom-
plete understanding of the processing condition. Moreover,
the optimization of the processing conditions is essential for
higher production rate as well as morphology control.
Therefore, it is the objective of this study to optimize the
processing parameters in ultrasonic spray pyrolysis method
for higher production rate and better particle size control.

2. Experimental Procedure

The precursor solutions were prepared by mixing LiNO,
(Kanto Chemical, 99.95%) and Co(NO,),-6H,0 (Junsei
Chemical, 97%) at a mole ratio of 1:1 in deionized water.
The concentrations were varied from 0.05, 0.5, 1.0 to 2.0 M.
Ultrasonic spray pyrolysis was performed with an equip-
ment shown schematically in Fig. 1. It consists of a ultra-
sonicator which generates drops, a vertical furnace with a
quartz tube (70x1200 mm) where thermal decomposition
and reaction take place, and a collector where the produced
powder are collected. The precursor solution was placed in a
polypropylene bottle and the height of the solution was
maintained constant using a peristaltic pump. Drops gener-
ated by a sonicator operated at 1.67 MHz were moved to the
2 zone furnace by a carrier gas and transformed to powder.

-793-



794 Journal of the Korean Ceramic Society - Seon Hye Kim et al.

Pump

Particle collector

Two heating zones

Misted droplets

Solution

Carrier gas

—* Ultrasonic nebulizer

Fig. 1. Schematic diagram of ultrasonic spray pyrolysis appa-
ratus.

Such produced powder were collected by a filter paper (pore
size 1 um, 5C, Adavantic) under 90 kPa. The heights of the
precursor solution were 20, 40, or 50 mm. Oxygen was used
as a carrier gas at a rate of 3 [/min or 5 I/min. The furnace
was maintained at 400°C for the 1* zone where the drops
passed first and set the temperature of the 2™ zone at 700,
800, or 900°C. The yield was calculated from the difference
in weights of the filter paper before and after collection. The
collected powder were subjected to XRD analysis with a
scanning rate of 2 degree/min using XRD (Model D/Max-3A,
Rigaku, Japan) and observed by SEM (Model L-240, Hita-
chi, Japan) and TEM (JEM-200FX2, Jeol, Japan).

3. Results and Discussion

The amount of synthesized powder was influenced by the
height of the precursor solution as shown in Fig. 2. The pow-
der obtained from the bath of 20 mm high amounted twice
of those from 40 and 50 mm baths. The flow rate of 5 //min
produced more powder than 3 //min when the bath height
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Fig. 2. The amount of powders obtained versus various heights
of the precursor solution of 1.0 M.
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Fig. 3. The amount of powders obtained versus various con-
centrations of the precursor solution.

was high, such as 40 or 50 mm. For the bath height of 20
mm, 1.9 g/h was collected at the flow rate of 5 //min and 1.8
g/h at 8 l/min. From Fig. 3, almost same amount of powder,
1.8 g/h was obtained from the solutions of 0.5 M through 2.0
M at the flow rate of 5 I//min, but when the flow rate of 3 I/
min was used, more powder was obtained as the concentra-
tion was increased. For example 1.2 g/h was obtained for the
solution of 0.5 M, but 2.2 g/h for the solution of 2.0 M. Con-
sumed amounts of the 0.5 M solution of 20 mm high for 1 h
at the flow rate of 3 and 5 //min were measured as 48 and
50 ml, but 36 and 32 m/ for the 1.0 M solution, 35 and 34 m/
for the 2.0 M solution, respectively. This phenomena can be
explained by this way: the carrier gas ejected to the surface
suppresses the generation of mist more from higher concen-
trated solution. The yield efficiency calculated from dividing
collected powder by calculated amount of the consumed pre-
cursor was 81% at the flow rate of 5 //min for the 0.5 M solu-
tion, 62~66% for the 1.0 M solution, and 41~43% for 2.0 M
solution. The yield efficiency decreased as the concentration
was increased.

Fig. 4 shows the SEM pictures of the powders obtained
from the solutions of 0.05, 0.5, 1.0, and 2.0 M at the flow
rate of 3//min and two zone furnace temperatures of 400
and 900°C, respectively. The left side pictures are at low
magnification for secondary particles and the right ones are
at high magnification for primary particles. As the concen-
tration became lower, the powders became more agglomer-
ate due to high surface area. It is noticeable primary
particles are 55— 70 nm for all the concentrations. It may be
explained by heterogeneous nucleation of supersaturated
particles due to evaporation of water in the drop, which is
not much affected by drop size or concentration. But second-
ary particles became big as the concentration was
increased: 0.28 um for 0.056 M solution and 1.43 um for
2.0 M solution. It could be explained by one particle per drop
mechanism. The secondary particles were observed at
higher magnification by TEM and shown in Fig. 5. As the
concentration was increased, center of some particle was
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Fig. 4. SEM micrographs of LiCoQO, powders obtained from various concentrations of the precursor solution of (a) 0.05, (b) 0.5, (c)
1.0, and (d) 2.0 M. Temperatures of the reactor at zone I and II were 400 and 900°C, respectively, and the flow rate of car-

rier gas was 5 //min.

Fig. 5. TEM micrographs of LiCoO, powders obtained from
various concentrations of the precursor solution of (a)
0.05, (b) 0.5, (¢) 1.0, and (d) 2.0 mol/. Temperatures
of the reactor at zone I and II were 400 and 900°C,
respectively, and the flow rate of carrier gas was 5 //min.

transparent which implies it was a sphere with a hole. It
can be explained in the following: as the solvent evaporates,
viscous layer developed on the surface of the drop and then
explosion of the drop caused by the increased inner pressure
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Fig, 6. X-ray diffraction patterns of LiCoO, synthesized at
various temperatures.

gives rise to a sphere with a hole.

Peak splits in XRD at ~38° and ~66° are observed for the
powders synthesized at 800 and 900°C, not for 700°C as
shown in Fig. 6. It means that powders synthesized at above
800°C are high temperature phase, layered bidimensional
o-NaFeO, structure (R3m) and that at 700°C is low temper-
ature phase, spinel like structure (Fd3m).!*'" These two
phases exist in LiCoO,, in which the high temperature
phase is preferred due to its excellent electrochemical prop-
erties for the cathode material.

4. Conclusions

Synthesis of LiCoO, powder by ultrasonic spray pyrolysis
was studied in aspects of concentration of the precursor
solution, flow rate of the carrier gas, temperature of the fur-
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nace, and height of the solution. Particle size of the powder
increased from 0.28 to 1.43 um as the concentration of the
solution increased from 0.05 to 2.0 M. It consisted of pri-
mary particles of 55—70 nm regardless of the concentration
of the solution. Low temperature spinel like phase was
obtained at the furnace temperature of 700°C, but high tem-
perature layered structure at those of 800 and 900°C. The
highest production rate was obtained from the concentra-
tion of the solution of 2.0 M, the flow rate of 3 //min and the
solution height of 20 mm, and the maximum yield efficiency
from 0.5 M, 5 //min and 20 mm.
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