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ABSTRACT: Nanosized Al2O3 powder is synthesized by thermal Metal Organic Chemical Vapor 

Deposition (MOCVD) combined with plasma. The effects of reaction temperature, pressure, 

Al(CH3)3 (TMA) concentration and reactant gases (CO2 and O2) on the characteristics of the 

synthesized Al2O3 powders are investigated. The experimental results demonstrate that very fine 

Al2O3 powders with mean particle size of about 2.5 nm can be obtained at 5.3kPa reactor pressure 

and 1000 oC by the thermal MOCVD. As the pressure is increased from 5.3kPa to 100 kPa, the mean 

diameter of Al2O3 powders also reaches to 10 nm. In other words, the increase in pressure has  

a negative effect on the synthesis of nanosized Al2O3. Meanwhile, it is also observed that  

the increment of temperature can promote the synthesis of fine Al2O3 powder.
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INTRODUCTION 

Nanosized powders have been attracted much attentions 

for their wide applications in the electronics and 

structural ceramics. The nanoscale particles with 0.01 μm 

below in size have unique properties of superplasticity[1-4] 

and low sintering temperature. The nanoscale powders 

can be synthesized by the thermal evaporated 

condensation using plasma or induction heater, Chemical 

Vapor Deposition (CVD), spray pyrolysis, Sol-Gel method 

and milling process. Recently, these manufacturing 

processes have been intensively studied to found not only 

the optimum manufacturing conditions but also the 

synthesis kinetics of nanosized powders. Among these 

processes, the CVD method is one of the most promising 

candidates due to the following merits: mass-production, 

high purity and good size uniformity. During the CVD  

process, it has been well known that the nanosized 

particles can be affected by various processing factors 

such as reaction temperature, gas specie, pressure and 

precursor concentration[5-8]. Das et al reported that the 

synthesis of porous single-phase nanoparticulated  

�-Al2O3 using a dehydrated precursors at low temperature 

(600°C). The phase-pure nanocrystalline �-Al2O3

particles had an average specific surface area of >190 m
2
/g, 

with an average pore size between 18 and 25 nm [5]. 

Janbey et al have also synthesised �-Al2O3 particles by 

pyrolysisi of a complex compound of aluminum with 

triethanolamine and sucrose, and the powder has 

crystallited sizes of the same order with the average 

particle size of 20 nm [6]. However, the influence of the 

synthesis factors has not been cleared yet. 
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Fig. 1: The schematic diagram of the plasma assisted thermal 

MOCVD system. 

Fig. 2: The average particle size of Al2O3 powders synthesized 

with CO2 and O2 reactant gas as a function of the reaction 

temperatures (reacting pressure: 5.3kPa, TMA concentration: 

0.105 mol%). 

The aim of the present work is to find the optimum 

preparation conditions of synthesizing Al2O3 nanosized particles 

by the thermal Metal Organic Chemical Vapor Deposition 

(MOCVD) method. Hence, the effects of the reaction 

temperature, the precursor concentration and the reactant 

gas (CO2 and O2) pressure on the properties of Al2O3

powders are investigated. In addition, in order to effectively 

control the particle size of Al2O3 powders, plasma  

is applied in the thermal MOCVD system. Furthermore, 

the comparison of in the presence and absence of plasma 

combined with thermal MOCVD are performed. 

EXPERIMENTAL  SECTION 

The nanosized Al2O3 particles are prepared by the 

tube type thermal MOCVD system, which is consisted of 

bubbler, thermal reactor and filters. In the thermal 

MOCVD method assisted with plasma (herein-after 

called as “plasma reaction”), the nonequlibrium plasma  

is generated by a DC pulse discharge. During the plasma 

reaction, the gas discharge is occurred intermittently by 

7.5kV high voltage DC pulse to avoid arch discharge.  

In the case of the thermal MOCVD method without plasma 

(herein-after called as “thermal reaction”), the plasma 

chamber is detached from the MOCVD system.  

Fig. 1 shows the schematic diagram of the thermal 

MOCVD system assisted with plasma. During the 

preparation process, the raw material, TMA (Al(CH3)3)  

is bubbled and poured by He carrier gas with a flow rate 

of 50cc/min, and the concentrations range of TMA is 

0.011 mol%-0.182 mol%. The flow rate of delivered O2

(or CO2) gas in the reactor is about 200 cc/min. The other

reaction conditions vary from 200
 o

C to 1000
 o

C in the 

reaction temperature and from 5.3 kPa to 100 kPa in pressure. 

Finally, the synthesized Al2O3 powders are collected  

at attached micro-filters, then the crystalline phases are 

identified by X-Ray Diffraction (XRD). The powder 

morphologies and crystallite size are also examined by 

the Transmission Electron Microscopy (TEM) observation. 

RESULTS AND DISCUSSIONS 

Thermal reaction 

Fig. 2 shows the temperature dependence of the 

average particle size of Al2O3 powders synthesized with 

CO2 and O2 reactant gas, the temperature range is  

200- 1000
 o

C. It indicates that the average particle size of 

Al2O3 powders is decreased remarkably with increasing 

reaction temperatures when the temperature is below  

600
 o

C, then the temperature only has slight influence  

on the particle diameter, which means the increment of 

temperature can promote the formation of nanoscale Al2O3 

powders. In the case, the particle diameter varies from 10 nm 

to 400nm. Moreover, the average particle size of Al2O3

powders synthesized with CO2 gas is larger than that with 

O2 gas, the reason of this phenomena is still unknown. 

Fig. 3 shows the average particle sizes profile of 

Al2O3 powders (TMA concentration: 0.105 mol%) 

synthesized at (a) 200
 o

C and (b) 1000
 o

C as function of 

pressure. In both of the cases, pressure has negative effect 

on the preparing nanoscal Al2O3 particles, especially  

at the pressure range of 5 kPa-40 kPa, acute variation of 

particle diameter is occurred. When Al2O3 powders  

are synthesized at 1000
 o

C using O2  gas, the average particle 

0          200        400        600       800        1000 

Reaction temperature (°C) 

1000

100

��

10

��

1

P
a

rt
ic

le
 s

iz
e 

(n
m

) 

MFC

MFC

MFC

O
2
 o

r 
C

O
2

He

T
M

A Plasma

unit

Quartz

tube

Furnace

Filter

Vacuum

Pump



Iran. J. Chem. Chem. Eng. Characterization of Nanosized Al2O3 Powder ... Vol. 30, No. 3, 2011

85 

Fig. 3: The average particle size of Al2O3 powders reacted at (a) 200 oC and (b) 1000 oC according to the reaction pressures 

depending on the reactant gas (TMA concentration : 0.105 mol%). 

Fig. 3: The average particle size of Al2O3 powders reacted at (a) 200 oC and (b) 1000 oC according to the reaction pressures 

depending on the reactant gas (TMA concentration : 0.105 mol%). 

Fig. 5: X-ray diffraction pattern of Al2O3 particles depend on 

reaction temperature.(reaction pressure: 5.3kPa, TMA 

concentration : 0.105 mol%) 

size is very fine, even as fine as 2.5 nm particles can be 

obtained at the pressure of 5.3 kPa. The size is the 

smallest crystallite synthesized in this experiment.  

The effect of TMA concentrations on the particle size 

of Al2O3 powders is also demonstrated in Fig. 4.  

In the case of 200
 o

C, the negative effect of TMA 

concentration on the average particle size of Al2O3 powders 

(reacting pressure: 5.3kPa) is remarkable until TMA 

concentration is above 0.1 mol/%, then the Al2O3 particle 

size is independent of TMA concentrations. While in the 

case of 1000
 o

C, the concentration of TMA always has 

linear effect on the particle diameter. The average particle 

size of powders synthesized at 1000
 o

C with O2 gas has  

a minimum value of 5.6nm at the concentration of 

0.049mol%. Based on the experimental results, it can be 

concluded that the nanosized Al2O3 powders with the size 

of 2.5nm∼8.7nm can be obtained at the following 

reaction condition: The reactant gas is O2; The 

temperature is about 1000
 o

C; The pressure and the TMA 

concentration are 5.3kPa and 0.049 mol% , respectively.  

The X-ray diffraction patterns of nanosized alumina 

powders synthesized at 200
 o

C -1000
 o

C are represented 

in Fig. 5. The XRD analysis shows the synthesized Al2O3
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Fig. 6: TEM image of Al2O3 powders synthesized at different temperature and (e) selected area electron diffraction(SAED). 

Fig. 7: The average particle size of Al2O3 powders synthesized 

by the thermal and the plasma reactions using reactant O2 gas 

at the various reaction temperatures (reacting pressure: 

5.3kPa, TMA concentration: 0.10 5mol%). 

powders is typical γ-Al2O3 crystalline phases when the 

reaction temperature is above 800
 o
C.  

Fig. 6 demonstrates the morphologies and crystallite 

of Al2O3 powders synthesized at different temperature. 

The synthesized particle is nearly spherical shape. 

Meanwhile, the Selected Area Electron Diffraction (SAED) 

spots reveal that these nanoparticles are all single 

crystalline. Furthermore, it is also found the particle 

diameter decrease with the enhancement of temperature, 

which is consistent with above conclusion. 

Plasma reaction 

Fig. 7 presents the variation of Al2O3 particle size 

versus different reaction temperature (200
 o

C -1000
 o

C)  

in the plasma reaction. The reactant is O2 gas and the 

pressure is under 37kPa. The experimental results 
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Fig. 8: The average particle size of Al2O3 powders synthesized 

at (a) 200 oC and (b) 1000 oC depending on the thermal 

reaction and the plasma reaction at various pressures (TMA 

concentration : 0.105mol%). 

demonstrate that the average particle size of Al2O3

powders is also decreased with increasing reaction 

temperatures. The average particle size of Al2O3 powders 

synthesized by plasma reaction at 200
 o

C is about 212 nm. 

As the reaction temperature is increased to 400
 o

C, the 

average size is sharply decreased to 41.6 nm. After 

comparing the two case of thermal reaction and plasma 

reaction, it is found the particle size in the case of plasma 

reaction is slightly larger than that of Al2O3 powders 

synthesized by the thermal reaction when the reaction 

temperature is above 200
 o

C. The phenomena is attributed 

to powder agglomeration occurred in the process of 

preparing Al2O3 powders by the CVD system combined 

with the plasma. Hence, it can be concluded that the 

plasma has a negative effect on synthesis Al2O3 powders 

by CVD method  

The pressure dependence of average particle size of 

Al2O3 powders (0.105 mol% TMA, O2 gas) in both of 

thermal and the plasma reactions are shown in Fig. 8((a) 

(b) means the Al2O3 powders synthesized at 200
 o

C and 

1000
 o

C, respectively). Same to the situation in thermal 

reaction, Al2O3 powders size also declines with the 

increase of pressure in plasma reaction. Plasma reaction 

is more effective than thermal reaction in preparing 

nanoscale Al2O3 powders at 200
 o

C. However, thermal 

reaction is better when temperature is higher than 200
 o
C.  

CONCLUSIONS 

The effects of the reaction temperature, pressure and 

TMA concentration on the properties (average particle size) 

of the nanosized Al2O3 powders synthesized by the thermal 

MOCVD are investigated. Based on the experimental 

results, the following conclusions are obtained: 

The average particle size of the powders is decreased 

with increasing the reaction temperature and decreasing 

the pressure; 

The average particle size of Al2O3 powders 

synthesized with CO2 reactant gas is larger than that with 

O2 gas; 

The synthesized Al2O3 powders is typical γ-Al2O3 

crystalline phases when the reaction temperature is above 

800
 o
C; 

The synthesized particle is nearly spherical shape;  

The plasma has a negative effect on synthesis Al2O3 

powders by CVD method. 
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