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Manufacturing Process of BaTiO3 Coated nano-sized Ni powder by Oxy-fuel Combustion.
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We have developed a one-step manufacturing process of BaTiO3 coated nano-sized Ni powder.
The process is that mixed powder of NiO, Ba(CH;COO), and Ti passes through reducing oxy-fuel
burner flame. The average particle size is 95 nm. In a circumstance of N,+H, (3 vol%), The heat
shrinkage temperature is shifted to 800 °C, approximately 500 °C higher than that of bare Ni nano
powder. We have also investigated the synthesis mechanism of the nanoparticle. The mixed
powder is reacted and vaporized in the flame. NiO forms Ni vapor, Ba(CH;COO), changes to BaO
and Ba(OH) gas, and Ti becomes TiO, gas. The mixed vapor is cooled and transformed to Ni and

BaO-TiO, liquid droplets. The droplets form self-organized core-shell structure and finally BaTiO;

coated Ni powder is produced.
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Figure 1. Schematic of manufacturing process
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Table 1: Experimental conditions

Powder feed rate (g/h) 360
(m®(normal)/h) 2.35
(m®(normal)/h) 4.23
(m*(normal)/h) 25

Methane flow rate
Oxygen flow rate

Swirl Nitrogen rate
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Table 2: Results of elemental analysis (ICP-MS)

Ba Ti

Content of amount (wt %) 5.2 2.1
(mole %) 2.4 2.8
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Figure 2. TEM image of BT—Ni
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Figure 3. STEM image and EELS spectrum of BT-Ni
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Figure 4. XRD smoothed spectrum of BT-Ni (Ti/Ba = 1.16)
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Figure 5. TMA dilatometric curves of BT-Ni nano particles
(Ti/Ba = 1.16, red line) and bare Ni nano particles (black
line) in N, gas with 3 vol% H, gas
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Figure 6. Diagram of Ti/Ba mole rate and heat shrinkage
temperature by TMA
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Table 3: Calculating conditions

FactSage 6.4 installed

Data base & Software ) 18
BaO-TiO, data®®

Ba(CH;C0O0), (mole) 1.0 (normalize)
Ti (mole) 0~4.0 (variable)
NiO (mole) 40

CH, (mole) 953

0, (mole) 1716
Temperature (°c) 1,000

Pressure (atm) 1.0
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Figure 7. Thermodynamic calculation of the relation
between Ti/Ba mole rate and the compounds of Ba and Ti
at 1000 °C
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Figure 8. Calculated amount of BaCO3 from Carbon
analysis and XRD peak intensity of BT (20=31°)
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Figure 9. Thermodynamic calculation of the compounds included Ni, Ba and Ti for the BT-Ni manufacturing process
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