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Abstract In the present study, the focus is on the analysis of carbothermal reduction of oxide powder pre-
pared from waste WC/Co hardmetal by solid carbon under a stream of argon for the recycling of the WC/Co hard-
metal. The oxide powder was prepared by the combination of the oxidation and crushing processes using the
waste WC-8 wt.%Co hardmetal as the raw material. This oxide powder was mixed with carbon black, and then
this mixture was carbothermally reduced under a flowing argon atmosphere. The changes in the phase structure
and gases discharge of the mixture during carbothermal reduction was analysed using XRD and gas analyzer. The
oxide powder prepared from waste WC-8wt.%Co hardmetal has a mixture of WO, and CoWO,. This oxide pow-
der reduced at about 850°C, formed tungsten carbides at about 950°C, and then fully transformed to a mixed state
of tungsten carbide (WC) and cobalt at about 1100°C by solid carbon under a stream of argon. The WC/Co com-
posite powder synthesized at 1000°C for 6 hours from oxide powder of waste WC-8wt.%Co hardmetal has an
average particle size of 0.3 pm.
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Fig. 1. X-ray diffraction of the oxide powder of WC-
8wt.%Co hardmetal.
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Fig. 2. Analysis of gases discharge of the mixture of the
oxide powder of WC-8wt.%Co hardmetal and carbon
black during carbothermal reduction.
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Fig. 3. X-ray diffraction patterns of the mixture of the
oxide powder of WC-8wt.%Co hardmetal and carbon
black for various temperatures for carbothermal reduc-
tion.

=7} WA ghe}. 850°CHlM dABdt A9l
CoWO,, Co,W,C, WO,, WO,8| 3d¥ =7} A2
I, 950°CellM dA2lat 7-telli= WC, W, Co,W,C,
Co,W,C, Co,W,C, W,C8| 3Asu|=7} k=T gl
o}, =3 1000°ColA Aegt G Bde] A9l
T WC, W, Co,W,C, Co,W,C, Co,W,C, W,C%] 3
A3} BFET, 1100°CAA Dx)2)st A Sl =
WC, Co9 3u]=7} AT 9le. 850 °CollMe
WO,9| 3A-siaret Wo,0| 3Au] 2] A 73Ew)
7t AR ot WO, 31 whgo| AlESS
oF 4= g3, BebslE(Co, W,0)¢] #Hn| =7l R
o] CowO2] 3K, Ast vk 4] AP 9lS-L
o = olvh ¥ 29 7k BMEA F48 1o
dofid Aoz oAteE 25 FZHEF 900~950°C)el
950Cel A} BA=gt 7ol AtES] 31 ==
FAEA] 4T =3EEe] A FIAnte] FAEI
el 950°C olHef| 27 A== AbslEe] 3 ks
o] gk EE= ZloF et w3t 950°Ce}H 1000°C
oA dxglal el XRD 34 F3e)] et A
(phaseyell = 2 W37t ¢lovt, 1000°Ce] -7t
950°Ce]] Wlzte] WC] 7T} ol 950°C o]t
A T2 wElEse] WO e Hegt ukde] o
ofif= Z o2 kgl o|9} 2ol 27 A=:RY Ak
}ES FASE WOet CoWO e TAsk) 2)3)
ofZT 7k F97] FollA oF 850°C F-elAM
7] Aztsle] oF 9500C HZelA BHAE eI
(WC, W,C)2] 34 ubgo] AlRFE|T oF 1100°C #-




WC/Co 27 238 AbslEe] quA|ekiol 23t 31l /Alet 115

2ol A WCH+CoRe] 313 Hbgo] gREE A
L

g eb3lEEe] WCE el ubgo] F2 Yo
= 950~1100°C F7+2] XRD 3]A €S v]as)
e Rl AlEE evr) Folsle 3el/Alste] ey
o wa} WC A 31 w39 Aei7isrt elilel
= B33 Coitel 3Au]ae HAEA] UYL Co-
W-CAl®] BehalE Abe] 3|du)a9) A =7} of
AR 2 g BT YUSE S F os =
3 Co A9 3A 3|=x: Co-W-CAHIS Fuhdls A4
9] 3" ¥=7} VAR e 1100°CAA BHl2A
HAET Qo). o] 2 A=z Ak} e T
el AlEkE FolA W02 A shiel] o3
WC=e} 21/t ukge] Cowo,o] A shiel
2|8t WC+CoZR2| Al Whg-Rr} wiZA] Yo
= S ujgie}, WO.8k Cowo,8] I ghaso]
2)3t A Sx0] A AolE 3] $18)
M= WO, ¥2d3 Cowo, ¥4 Zhte] 34 kA
o o5t At AEe FMo| FF I 5jofof
g Aoz Y45

AR ERNE R1AE kgl o)d)] wistE B
< AZT 7ol v eEE FES Ax37] ¢
M FPsEE A 2olA Az B4R wheS
kA Aok g}, B AlelME 27 38 AR
9] WC/Co E3HEzt=e] T84 WIS $9 Fig
3¢] XRD 3AsfeleA] wee] 343 w37} AA
22 A WFE 1000°CAM 27 237 AkEHEC)

* WC # WO v Co
& CoWl O Cowl
[ -
— N
2 J
e *
b= J{ i Jl e A
= I‘ 1000 C/6hr.
& * )
5 Jed e s fr R
J 1
g * * 1000 C/3hr.
o) | |
S S Y PSRN
= : * 1000 C/0.5hr.
- * ] i
| [
* s o
L FAA U e e
1000 C/t0min,
1 i 1 1 1
20 30 40 50 60 70 80

20 (degree)

Fig. 4. X-ray diffraction patterns of the mixture of the
oxide powder of WC-8wt.%Co hardmetal and carbon
black for various times at 1000°C for carbothermal reduc-
tion.
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Fig. 5. SEM micrograph of WC/Co composite powder
synthesized at 1000°C for 6 hours from the oxide powder
of WC-8wt.%Co hardmetal.
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