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Manufacturing Process of BaTiO3 Coated nano-sized Ni powder by Oxy-fuel Combustion.

i N A LN S A A Jal Gk
FUJIMOTO Takayuki SAKURAMOTO Yuji ~ MATSUMURA Takayuki  IGARASHI Hiroshi
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PE95 nm DT - = VRIDOEE T I RiFEGRTHZ LTI Lic, HET /RiFDkE
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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

3. ER#ER
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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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4.

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

F7-Z 2T, RESH LB L T2 BaCO, a7
XA T BT O v — 7 3 (20 = 31°) % E 42 7= Figure
8 ZPFRL L, LbikT 5, TilBa kbl %, BEMEE
o BaCO; B LU BT DFEHEEDOELE, KD D
BaCO; #ifi B 72 & TNT BT D B — 7 M DOZER, EWn
—H &Y, 2T, TiBalk 1 REICEWTIE, Ti
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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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Table 4: Calculating conditions

FactSage 6.4 installed

8 200~ Data base & Software . 18
g B BaO-TiO, data'®
A BT Peak 150 = Ba(CH;COO),  (mole) 1.0 (normalize)
g z Ti (mole) 1.0
g a 100 £ .
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5 s0 3 CH, (mole) 953
£ =9
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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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Development of a 10 kW class neon turbo-Braytion refrigerator

R T BT CISII=Y:
OZAKI Shinsuke HIRAI Hirokazu HIROKAWA Masaki
HHOE

YOSHIDA Shigeru

YA CIEEIRBEEXE S — 7 VOmEAE X —7 v b & LTEmEEET) 10kW O % —R
TUA b UmEREOBIICI LA TN D, RMEETIImEt e LA T AL
THY, 7u¥ A EFHE TEEMI 1.0MPa, {KEMA 0.5MPa Th 5, Amuitko
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] — EHH AL S D BRI ChH 0 | AR ORR OO E S ThH D, o, AMHEE
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We are developing 10 kW class turbo-Brayton refrigerator whose working fluid is neon gas for
HTS (High Temperature Superconductivity) power applications. Its process high pressure is 1 MPa
absolute and its process low pressure is 0.5 MPa absolute. The refrigerator consists of two
turbine-compressors and a heat exchanger. The turbine-compressor has a turbo-expander on one
side of its shaft and a turbo-compressor on the other side of the shaft. Two turbo-compressors are
connected in series and two turbo-expanders are set in parallel. So, all amount of neon gas is
compressed by two stages and expanded by one stage. Two turbine-compressors are the same
machines and development cost and time are minimized. In this stage, we made a prototype 10 kW
neon turbo-Brayton refrigerator. This paper shows details of the turbine-compressor and

performance tests of refrigerator.
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Cooler Neon gas

. Compressor

Main heat
exchanger

Table 1 Specification of the 10 kW class
turo-Brayton refrigerator

70K
10 kW
0.5 MPa/ 1.0 MPa

Cooling temperature

Cooling capacity

Process pressure

Neon gas flow rate 0.96 kg/s
Input power 125 kW
COP 0.08

(Coefficient of performance)

Table 2 Simulation result for cooling system

Point No. Pressure (kPa) Temperature (K)
1 500 298.4
2 1000 300.0
3 987 72.6
4 529 59.4
5 520 69.5
6 801 72.0
7 801 65.0

12
3 LNZ pump
HTS
) Sub-cool =
Expansion heat exchanger, machine
turbine
4 -

Sub-cooled LN2

Fig. 1 A cooling system flow diagram
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a) Two turbine-compressors system flow
diagram
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Fig. 2 Flow diagram for the turbo-Brayton refrigerator
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Table 3 Specification of the turbo-cocmpressor

Flow rate

0.96 kg/se

Rotational speed

42000 rpm

Inlet pressure ( No.1/No.2)

500/ 710 kPa

Efficiency ( No.1/ No.2)

80 % /80 %

Impeller diameter

130 mm

Motor capacity

65 kW

Compressor inlet

Synchronous
motor

:

Thrust bearings

Turbine inlet

/

Turbine outlet

Compressor impeller

Compressor outlet

dial bearings

Thermal insulation
ring

Turbine impeller

a) Cross-sectional drawing
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Table 4 Specification of the turbo-expander

Flow rate 0.48 kg/sec
Inlet pressure 987 kPa
Inlet temperature 73K
Efficiency 80 %
Impeller diameter 56 mm

b) Turbine-compressor

¢) Turbine impeller

d) Compressor impeller

Fig. 3 Cross-sectional drawing and photograph of the turbine-compressor
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heat exchanger in cold box

Fig. 4 Prototype neon turbo-Brayton refrigerator
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b) Neon gas flow rate and pressure ratio of compressor

Fig. 5 Test results
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Development of Experiment equipment for LOX related combustion

bR, BRI AE >, VN 2 Shated
UEMORI Kazunori, ABE Tomonobu, MIZUNO Masashi
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Experiment equipment for LOX related combustion and/or explosion has been developed. We
have confirmed that the experiment can test explosion experiments safety by preliminary tests of
several important vessels. Finally, we estimated that the equipment can be used explosion test that
include LOX and flammables mixture systems with safety.
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Fig. 1 Static overpressure from explosion in confined spaces
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Liquid Nitrogen Type Freeze-Drying System for Biopharmaceuticals
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A Compact Dry *He-*He Dilution Refrigerator for Scanning Transmission Electron Microscope
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PSA Technology for the Separation of Methane and Nitrogen
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Reduce Power Consumption by Optimizing Production of Multiple Air Separation Units
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Study on Reaction Mechanism of Atomic Layer Deposition to form SiN films
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Custom Synthesis of Stable Isotope labeled Compounds
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DC Arc Plasma Type Waste Gas Abatement System “VEGA-PLASMATIL”
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