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The Fabrication of Co Alloy-carbide Composites and 3-dimensional
Model Using Plasma Powder Melting Method

Masahiro ANZAI and Takeo NAKAGAWA

Synopsis :

In generally, particle composite alloy is fabricated by powder metallurgy. The other hand, Plasma Pow-
der Melting(PPM) method is being put into practice for welding machine in the field of surface hardning.
In this study, it is attempted to fabricate Co alloy (KCM-1)-carbide composite materials and 3-dimensional
model using PPM method. The KCM-1 powder, CrzC, powder, NbC powder and WC powder are mixed re-
spectively, which are directly melted by plasma arc in the graphite mold so as to obtain KCM-1-carbide
composite materials.

The maximum bending strength of the composites reinforced with 20 wt% of CrsC, particles was 1.18
GPa, and the strength value was low in comparison with 1.34 GPa of the product without reinforcing under
similar preparation conditions. In KCM-1-NbC composites, the maximum bending strength of the com-
posite reinforced with 20 wt% of NbC particles was 1.07 GPa, NbC particles were dispersed uniformly. In
KCM-1-WC composites, the strength value of this composites remarkably low in comparison with other
KCM-1-carbide composites, which was caused by difference of density between KCM-1 and WC. With in-
creasing the content of carbide, the bending modulus of these composites decreased monotonously, and the
hardness of these composites increased monotonously. It has succeed in making 3-dimensional model of
KCM-1-carbide composite using PPM apparatus. Plasma powder melting method will be used practically
in the field of manufacturing of mold or mock up.

Key words : plasma powder melting method, KCM-1-carbide composites ; bending strength ; bending modulus ;

3-dimensional model.
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Photo. 1.

SEM image of raw material powders.

Table 1. The chemical composition of KCM-1.

C (%) 0.15-0.35

Si (%) 0.90-1.30

Mn (%) 1.00

P (%) 0.03

S (%) 0.03

Ni (%g 2.50-3.50

Cr (% 24.0-28.0

Mo (%) 5.00-6.00

Co (%) Bal.

Fe (%) 1.50

Table 2. Selected properties of KCM-1.
Properties Co alloy

Apparent density (g/cma) 4.9-5.0
Melting point (°C) >1270
Fluidity (s/50 g) 9.9-10.0
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The system of plasma powder melting apparatus.
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Table 3. Selected properties of carbides.
Carbide
Properties CrsCy NbC we
Moleculay weight » 108.1 104.9 195.9
Bonded carbon (% ) 13.34 11.46 6.13
Crystal system Orthorhombic NaCl Hexagonal
Melting point {°C) 1890 3800 2700

Density (g/cm®) 6.7 7.86 15.8
Hardness HV (kg/mm?) 1300 2400 2 400
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Fig. 2. Bending strength, bending
modulus, apparent density and hard-
ness {HV) of KCM-1-carbides com-
posites as a function of KCM-1
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Table 4. The experimental conditions.

[tem Data
Plasma current 100 A
Shield gas 10 1/min
Plasma gas ] Ar 11/min
Powder gas 2 1/min
Powder supply 30 g/min
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KCM-1 content ; (A-1) : 100% (A-2) : 80wt% (A-3):40wt% (B-1):80wt% (B-2):60wt% (B-3):40wt%
(C-1) : 80wt% (C-2) : 60wt% (C-3): 20wt%

Photo. 2. Microstructures of KCM-1-Cr;C, (A), KCM-1-NbC (B), KCM-1-WC (C) composites.
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Fracture surfaces of KCM-1-Cr;C, (A), KCM-1-NbC (B), KCM-1-WC (C) compo-

(A)KCM-1-50wt%Cr3C; (B)KCM-1-50wt%NbC
Photo. 4. The 3-dimensional models fabricated by
bead laminating method using plasma powder melt-
ing apparatus.
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(A)Cr3C; 100% (B)KCM-1-60wt%Cr3Cy
Photo. 5. The 3-dimensional models fabricated by
melt powder filling method using plasma powder
melting apparatus.
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