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Abstract

The effect of carbon content on the shape of WC grains dispersed in the Co-rich matrix during liquid

phase sintering of WC-35%Co hard metals has been determined. The shape of WC grains was observed using
SEM stereography after removing cobalt matrix with boiling hydrochloric acid solution. The WC grains changed
from hexagonal to trigonal prism as the carbon content increased in the two-phase region of (WC + f§ — Co), while
the morphology of WC grains changed from trigonal to hexagonal shape as the carbon content decreased. The
morphology of WC grains changes reversibly along with carbon loss or carbon pick-up. Morphology change of

WC grains is attributed to crystal structure of WC, which has an asymmetric array of carbon atoms. There are two

types of prismatic planes having different numbers of broken W-C bonds in WC grains. It is scrutinized that as the

carbon content increases, the high energy prism planes grow fast and the crystals change from hexagonal to trig-

onal shape. On the other hand, when the carbon content decreases, the high energy prism planes are dissolved
accompanying split of (100) plane into (101) and (101) planes.
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Fig. 1. Microstructe changes of the WC-35%Co compact
sintered at 1500 °C for 2 h with carbon content: (a) 0%C,

(b) 0.7%C, (c) 1.5%C.
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Fig. 2. Morphologies change of the WC crystals extracted
from WC-35%Co sintered at 1500°C for 2 h with carbon
content: (a) 0%C, (b) 0.7%C, (c¢) 1.5%C.

e (abplE VR H7hE ebh dleke] 219
T5 (ab)®] FIL Sk ZVE Bgl o} Ax)
A @b)e] Fx= w9 Hoizlvl. 53] vk ek
o] W2 1.5%M% (ab) Ztol W 19A 552
A WEsle] 24F 939 YA} Kokt Z o)}
@ o o oleg dals FE 24 oo
A 'k4e] 33kA ZElMdo] SRl wlel W A
9 Bkl Wspl A7)e S ongi

Fig. 4= 37k sl ko] 1.5 %2l A9 A
§ 1500 °CellA A A]7ko] 1 Al 3 |7k

Vol. 6, No. 4. 1999



3

—_
(=]

Ratio of plane length (a/b)

0.5 1.0 1.5

Carbon Content (%)
Fig. 3. Variation of WC plane length ratio with carbon con-
tent in the WC-35% Co compacts sintered at 1500°C for 2 h.

Fig. 4. Morphologies of WC grains extracted from WC-
35%Co0-1.5%C compacts sintered at 1500 °C for: (a) 1 h,
() 2h, () 3h
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Fig. 5. Variation of WC plane length ratio with holding
time in the WC-35%Co-1.5%C compacts sintered at
1500 °C.
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Fig. 6. Three-dimensional atom array in the WC crystal.
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Fig. 7. Atom array in the [001] of WC crystal.
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Fig. 8. Morphologies of WC grains extracted from the
specimens: (a) WC-35%Co (1500 °C, 2 h) and (b) WC-
35%Co (1500 °C, 5 h)(re-sintered with carbon addition).
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35%Co0-0.7%C (1500 °C, 5 h) (re-sintered with carbon
addition).
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