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Table 1 Compositions and properties of cast tungsten carbide powders used in this study

Chemical composition Property
Material Total carbon, Free carbon, Tungsten, Hardness, Flowability/ Apparent
w(TC)/% w(FC)/% w(W)/% HVy, (0.02sg")  density/(g-em )
Spherical powder 3.94 0.046 95.88 2773 55 10.2
Crushed powder 391 0.025 95.93 2727 10.8 7.2
"2 PDC kAR RH G 5 A0 RS 7> e 7 J P
Table 2 Specimen number, composition and density of prepared PDC drill bit matrix material
Specimen Characteristics of cast tungsten carbide particles Density of PDC bit
No. Morphology Particle size/um Content in skeleton powder, w/% matrix material/(g-em °)
1" Irregular 150—-180 94 13.23
2" Irregular 150—180 87 13.24
3 Spherical 150-180 94 13.79
4" Spherical 150-180 87 13.40
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Fig. 1 Microstructures of cast tungsten carbide particles reinforced PDC drill bit matrix materials: (a) Specimen 1%; (b) Specimen 27;

(c) Specimen 3%; (d) Specimen 47
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Fig. 5 Surface morphologies of PDC bit matrix materials worn by SiO, slurries for 2 h: (a) Specimen 1% (b) Specimen 27
(¢) Specimen 3%; (d) Specimen 4"
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Fig. 6 EDS patterns of local area (pointed out in Fig. 5) on worn surface of PDC bit matrix materials: (a) Area 1; (b) Area 2;

(c) Area 3; (d) Area 4
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Three-body abrasive wear behavior of PDC drill bit matrix
reinforced by cast tungsten carbide particles

HU Ke" %, XIE Huan-wen"?, LIU Xin"? CAI Yi-xiang"?

(1. Guangdong Institute of Materials and Processing, Guangdong Academy of Sciences, Guangzhou 510650, China;
2. National Engineering Research Center of Powder Metallurgy of Titanium & Rare Metals, Guangzhou 510650, China)

Abstract: Cast tungsten carbide particles reinforced PDC drill bit matrix was prepared by pressureless infiltration. The bit
matrix showed a microstructure where the cast tungsten carbide particles were dispersed homogeneously in the Cu alloy. The
tungsten carbide particles remained intact and formed a uniform diffusion layer with the Cu alloy matrix. The three-body
abrasive wear behavior and wear mechanism of the PDC drill bit matrix were investigated. The results show that the
morphology of cast tungsten carbide particles is the main factor affecting the three-body abrasive wear behavior of PDC drill
bit matrix. Compared with the crushed cast tungsten carbide, fewer internal micro-cracks and no stress concentration are
found in the spherical tungsten carbide, which has an increase effectiveness to resist wear and significantly improves the
three-body wear performance of PDC drill bit matrix. The wear resistance of PDC drill bit matrix reinforced by spherical
tungsten carbide particles is 10 times of that of PDC drill bit matrix reinforced by crushed tungsten carbide particles. The
worn surface of the PDC drill bit matrix reinforced by crushed tungsten carbide particles shows furrowed Cu alloy with worn
tungsten carbide particles. Whereas, on the worn surface of PDC drill bit matrix reinforced by spherical tungsten carbide
particles, the tungsten carbide particles stand out and a small number of them are broken.

Key words: PDC drill bit; cast tungsten carbide; pressureless infiltration; three-body abrasive wear
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