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Ni Fine Powder for Multi-layer Ceramic Capacitors
Manufactured by Chemical Vapor Deposition Method
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Synopsis:

Kawatetsu Mining Co., Ltd. has succeeded in the development of the manufacturing method of a Ni fine powder for the
internal electrode of multi-layer ceramic capacitors (MLCC) by a chemical vapor deposition (CVD) method for the first
time in the world. The production of the Ni fine powder by the CVD method is thermodynamically advantageous, and pre-
cise particle size control can be easily attained. The characteristics of the Ni fine powder by the CVD method are as fol-
lows. (1) Particle shape is spherical. (2) Particle size distribution is sharp. (3) Particle is highly pure. (4) Particle
crystallinity is high. (5) Particle surface is covered with a stable oxidized film. (6) Powder compaction is excellent. For the
future, thinner internal electrode layers corresponding to the tendency of smaller size and large capacity in MLCC will be
required. Thus the quality of a Ni fine powder should be improved.
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Table 1 Manufacturing process for Ni fine powder

Process Principle
. Evaporation and
Gasphase Physical process condensation
Chemical process Chemical reaction
Reduciton of
o . precipitation
Liquid-phase Chemical process -
Reduction and
deposition
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Fig. 4 Experimental apparatus
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Fig. 5 Effect of the carrier gas flow rate on average particle
diameter
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Fig. 6 Process flow for Ni fine powder production by CVD
method
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Table 2 Chemical composition of Ni fine powder

(mass(l)
Ni Fe Co Mn Cr Na K Cl (0} C
> 99.9% 0.0020 0.005 0.002 0.001 0.001 0.001 0.001 0.002 0.20 0.4 0.040 0.06
*(Oxygen is not taken into account.
Table 3 Physical properties of Ni fine powder
20 (111)
’g\. — CVD process P;g;iﬁlect partﬁltzea?grerleter suffrz)legcelt;f‘ea d;l;lzlgty
= 15 (um) (m*/g) (g/cm?)
Z NFP 401 0.4 1.7 3.9
Z ol (200 NFP 301 0.3 2.2 3.5
£ L NFP 201 0.2 3.4 3.0
— Liquid-phase process
5 -
0 ) l Table 4 Oxidation characteristics in air
45 50 (Heating rate: 20°C/min)
260 Product Weight increase temperature (°C)
Fig. 8 Xray diffraction patterns of Ni fine powder name 10 increase 500 increase
NFP 401 380 510
NFP 301 350 460
NFP 201 300 430

Oxidized layer
3nm \

Photo 2 TEM photograph of cross-sectional microstructure of
Ni fine powder
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Note: Weight increase O is normalized by the total weight increase.

Table 5 Shrinkage characteristics in reduction atmosphere
(Heating rate: 20°C/min)

Product Shrinkage temperature (°C)
name 10 shrinkage 500 shrinkage

NFP 401 590 700

NFP 301 560 680

NFP 201 510 620

Note: Shrinkage [ is normalized by the total shrinkage.
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