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Abstract

In this study, tungsten carbide (WC) powder was prepared using a novel recycling process for hard metal sludge that does not
use ammonium paratungstate. Instead of ammonia, acid was used to remove the sodium and crystallized tungstate, resulting in
the formation of tungstic acid (H,WO,). The WC powder was successfully synthesized by the carbothermal reduction of
tungstic acid through H,O decomposition, reduction of WO; to W, and formation of WC. The carbon content and holding time
at the carbothermal reduction temperature were optimized to remove free carbon from the WC powder. As a result, most of the
free carbon in the WC powder prepared from sludge was removed, and the content of free carbon in the synthesized WC powder
was lower than that in commercial WC powder. Moreover, the crystallite size of WC prepared from H, WO, was much smaller
than that of commercial micron-sized WC powder produced from APT. The small crystallite size of WC induces grain growth
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during the sintering of the WC-Co composite; thus, a WC-Co composite with large WC grains was fabricated using the WC

powder prepared from H,WO,. The large WC grains affected the mechanical properties of the WC-Co composite. Further, due
to the large grain size, the WC-Co composite fabricated from H, WO, exhibited a higher toughness than that of the WC-Co

composite prepared from commercial WC powder.
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Tungstic acid powder

v
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Milling At 200 rpm for 5 h.

Milled H,WO,

Carbothermal reduction

Tungsten carbide (WC)
powder

At 1400 °C for 1 h.

WC:C0=90:10 (in wt.%)
[ Mixing with cobalt ]

Pressureless sintering

\ 4

At 1500 °C for 1 h.

Sintered hardmetal

(H,WO,)

(WC-Co)

Fig. 1. Flow diagram of the experimental procedure for recycling of hard metal sludge.
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Fig. 2. XRD patterns for the powders of (a) HWO,, (b)
milled HoWOu, (¢) WC prepared from HWO,, and
(d) commercial WC.
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Fig. 5. SEM micrographs for the hard metals fabricated using (a) commercial WC, (b) WC prepared from H; WO, and indentation
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Table 1. Mechanical properties of WC-10Co hard metals

Vickezé Il;l:)rdness t(ljlj:l:;u;:s
(MPa-m'?)
Hard metal prepared 15.05 9.66
from commercial WC (0.20) (0.15)
Hard metal prepared 12.28 )
from recycled WC (0.07)
% Standard deviation in parentheses
Qlck. ¥, BB S5 2SI B4 Thjel
BolA SoAZRE AEeE Had Golo] 48
5 27%50] A 57 A F9o] WA ool 48
Yodl ot 2§ 2ol vs) Y5 B 2
A0R ARET. b, 274%F SRR AL
5 el wakze] 49 ool Wast BATT A
Fol AR dud Ao g vt 44 3 F YA
& AAAE S50 AR g A 4 ok Hiwt
E/o] 943t 23T ARV 7R AR Ho

[e) o 3=70

LS or
W EH) 24T AL L AT UHY 2AGE A%
£ 913 54 Alolo] 28 7Hs ol 2 A0 Almr,

9019131 500nm Hgke] AHY O R o]
o1 814 Y20 WEE 2510] AR Aol B2
golom e 24 7)) et 248 F 22 F Y
A} 4gAfo] Grakslo] MgA 0w 2R B BElE
At g wAzo] FAH 42 5 A%
YR A0 QI5) FARALO 2N E A2E HAd o
at2 274732 FE S4o] obzont gadgos
wE A28 9o BekE 24T B 48
Yodl SstER R Ar 243 ve) 255 &
of 1oy 2ATF AT BEES 2 Ao
7|ehsick.

¢



23T &N ALE TR BET
Mo =

o] =FL2 2022¥ % HEAIASARIYR) O] Yo
2 U A)7]487H0] A]9(20217510100020)° <]
sto] A= S

References

1. Dedalus Consulting, 2014 : Cutting Tools; World markets,
end-users, and competitors: 2012-2018 analysis & forecasts.

2. Saunders N., 2004 : Tungsten and the Elements of Groups
3 to 7 (The Periodic Table), Heinemann Library, Illinois.

3. Hugh, O. P., 1992 : Handbook of Chemical Vapor Depo-
sition (CVD): Principles, Technology, and Applications, 2nd
Edition, William Andrew Inc., New Jersey.

W

o gelE Az % 54 57 25

. USGS, 2018 : Tungsten, Mineral Commodity Summaries.
. Kwon, H., Shin, J., 2022 : Sintering Behavior and Hardness

of Tungsten Prepared by Hard Metal Sludge Recycling
Process without Ammonium Paratungstate, Korean J. Met.
Mater., 60(1), pp.53-61.

. Shetty, D. K., Wright, 1. G., and Mincer, P. N., et al., 1985 :

Indentation fracture of WC-Co cermets, J. Mater. Sci., 20,
pp-1873-1882.

. Kwon, H., Kang, S., 2008 : Effect of Milling on the Car-

bothermal Reduction of Oxide Mixture for (Ti,W)C-Ni,
Mater. Trans., 49, pp.1594-1599.

. Suryanarayana, C., 2001 : Mechanical alloying and milling,

Prog. Mater. Sci., 46, pp.1-184.

. Kang, S.J., 2004 : Sintering: Densification, Grain Growth

and Microstructure, Elsevier, Oxford.

B3

—
< Aghet ARE I Bk
- @A) ek Al e i

o

* A A30d 22 =

NEL

+20094 S-S sty
A Zehat F5HAt
+ 20199 HIAE(S) tiE
« @A W AED A1 3)A} k0] A}

Aol S Al 318 A 43, 2022





