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Abstract Tungsten carbide is known for its excellent mechanical properties and is commonly used as a surface coating
material for various tools. However, existing coating technologies are hindered by high process costs and poor durability
due to the thinness of the coating layers. Therefore, there is a need to reduce costs and develop a unified manufacturing
process. In this study, we explore a technique for analyzing and manufacturing tungsten carbide coating samples using a
single sintering process with tungsten carbide and stainless steel powder. When these powders are sequentially filled and
sintered in a mold, pore regions tend to form at the interface due to the behavior of the cobalt liquid phase, leading to
segregation. To address this issue, a nickel powder layer was inserted as an intermediate layer to suppress the cobalt liquid
phase behavior. As a result, the formation of pore regions was effectively prevented.
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(b

Fig. 1. SEM analysis of cross section at tungsten carbide/stainless steel bonded sample, (a) image of sintered sample, (b) cross section
of bonded sample (microstructure analysis point) (c) tungsten carbide outside section, (d) tungsten carbide inside section, (e) pres and
bonded zone (f) stainless steel section.
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Fig. 2. SEM and EDS analysis of cross section at tungsten carbide/stainless steel bonded sample, (a) Cross section image, (b) analy-
sis spot (1: Tungsten carbide outside, 2: Tungsten carbide inside, 3: Pore zone, 4: Bonded zone, 5, 6: Stainless steel section) (c) map-
ping analysis at bonded area.
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Table 1
EDS analysis spot of tungsten carbide/stainless steel bonded sample
C Cr Fe Co Ni w

Tungsten carbide outside 9.87 0.61 - 11.44 - 78.07
Tungsten carbide inside 9.99 0.44 - 8.98 - 80.59
Pore zone 11.88 0.54 0.76 8.32 - 78.50
Bond zone 8.90 327 4.14 13.95 - 69.73
Stainless steel 6.01 17.12 59.84 3.66 9.21 4.16
Stainless steel inside 5.56 18.70 63.40 - 9.80 245

Stainless steel 304L standard composition : C 0.03, Cr 18.00-20.00, (Wt%)

Ni 8.00-12.00, Mn 2.00, Si 1.00, P 0.045, S 0.03, Fe Bal. [19]
Tungsten carbide standard composition : C ~6.31. W Bal. [4]

Fig. 3. SEM and EDS analysis of bonded area at tungsten carbide/stainless steel bonded sample, sintering temperature (a) at 900°C
for 0 hr, (b) at 1,150°C for 0 hr, (c) at 1,150°C for 1 hr.
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Fig. 4. Cross section mapping analysis of tungsten carbide bonded sintered sample at 900°C.
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Fig. 5. Schematic diagram of pore spot formation behavior during the sintering of tungsten carbide-stainless steel bonded sample. (a)

Tungsten carbide-Stainless steel green body sample. (b) Cobalt liquid diffusion at sintering (gray: grain boundary, yellow: cobalt lupuid

diffusion lout, light gray: stainless steel grain), (c) Tungsten carbide-Stainless steel bonded sample (black: tungsten carbide, whith: pore,
purple: bond zone, light gray: stainless steel grain).
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Fig. 6. Schematic diagram of the bonded samples green body. (a) Non-Ni interlayer sample, (b) with Ni Interlayer sample.

Fig. 7. SEM and EDS analysis of cross-section tungsten carbide-stainless steel bonded sample with a nickel-interlayer, (a) Tungsten
carbide-Nickel interlayer, (b) Nickel interlayer-stainless steel, (c) Tungsten carbide-nickel interlayer-stainless steel cross-section mapping.
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Fig. 8. SEM and EDS analysis of cross-sectional tungsten carbide/stainless steel bond sample with a nickel interlayer, (a) EDS analysis
point, (b) EDS analysis of the bonded spot, (c) bond spot microstructure and mapping analysis.
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