Journal of Korean Powder Metallurgy Institute
Vol. 15, No. 2, 2008

Co EAIZ} TIO(OH), &2{2|2 0|8

8t =0|8 TiC-5%Co M=

H WC-Co 22| E&t0| WE 28N 5Y

Y-

dE7|°

F=7|A G A ARdTs FEdTY, AadTa AdeTTAE

Synthesis of Ultrafine TiC-5% Co Powder by Using Co Nitrate
and TiO(OH), Slurry and Evaluation of Sintered Materials
Prepared by Mixing WC-Co.

Seong-Hyeon Hong* and Byoung-Kee Kim“
Dept. of Powder Materials Research,
“Vice President, Korea Institute of Materials Science(KIMS), Korea Institute of Machinery
and Materials(KIMM), 531 Changwondaero, Changwon, Gyeongnam, Korea, 641-831
(Received January 10, 2008; Accepted March 20, 2008)

Abstract Ultrafine TiC-5%Co powders were synthesized by spray drying of aqueous solution of Ti(OH),
slurry and cobalt nitrate, followed by calcination and carbothermal reaction. The oxide powders with carbon pow-
der was reduced and carburized at 900°C~1250°C under hydrogen atmosphere. During reduction, CO gas was
mainly evolved by reducing reaction of oxides. Ultrafine TiC-5%Co powders were easily formed by carbothermal
reaction at 1250°C due to using ultrafine powders as raw materials. The ultrafine WC-TiC-Co alloy prepared by
sintering of mixed powder of ultrafine WC-13%Co powder and ultrafine TiC-5%Co powder has higher sintered
density and mechanical properties than WC-TiC-Co alloy prepared by commercial WC, TiC and Co. powders.
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Fig. 2. XRD patterns of (a) spray dried powder and (b) cal-
cined oxide powder.
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Fig. 3. Microstructure of ball milled Ti-Co composite oxide
with carbon.
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Fig. 4. Gas evolution behaviors of Ti-Co composite oxide
with mixed carbon. (a) Heating to 1400°C in H, with heat-
ing rate of 10°C/min and (b) Heating to 800°C and holding
for 4 hours and then heating to 1250°C and holding for 6
hours in H,

10°CZ. 7}g3ldAM WEss 7kAE 43 Zilel
. 7444 oish o) SUE ALRKES] oF 950°C-

1050°C71A] 3o VA3l FLEE PAISPEA
CO 7AIE A3 .57} 1200°C~1350°C7}A] &

71ell uiel Elelyw AR3Eo] whAel] 9)sled 1 /Ek3)
Hhgo] WAsIA CO 7AIE A= Aoz @
SA1=h

I3 4(b)= TiC- 5%C07]' HEE BEAZ sl E

A FA7H120%) FE= %‘—*ﬂ?lﬂl/ﬂ 800°Coll A 4
A|1ZF, 1250°Ce) A &]7& AN BEIIAE B
At AoZ 800°CllA 1250°C7HA] -&A] 3A
gl ulgol] osled U COo, 71AIet A Cco 71A|
7} =2 vkEsb 1250°CeA <k 2417 E)F vkS-
o] ghils] wksle] ulE CO 7|A7F EAEIH. 31

Journal of Korean Powder Metallurgy Institute

247
L d
® 4 * o
®
—~ () . o
=
3
o | ®@TiC
§ (d) . .
2
& ' {c)
®
=S WO S i 2

20 30 40 50 60 70 8i
2 theta

Fig. 5. X-ray diffraction patterns of TiC-5%Co powder
reduced/carburized at 1250°C for 6 hours in H, with dif-
ferent added C contents. (a) 100%, (b) 110%, (c) 120%, (d)
130%, (e) 134% and (f) 134%
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Fig. 6. Variations of C and O content in reduced/carbur-
ized powders with added C content.
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Fig. 7. FE-SEM microstructures of TiC-5% Co powder reduced/carburized at 1250°C for 6 hours in H, with different added
C contents. (a) 100%, (b) 110%, (c) 120%, (d) 130%, (€)134% and (e) 138%.
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Fig. 8. Powder size distribution of TiC-5%Co powder
reduced/carburized at 1250°C for 6 hours in H, with 120%
added C content.
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Fig. 10. Microstructure of WC-10.00%TiC-12.12% Co pow-
. o der prepared by ball milling of ultrafine TiC-5% Co pow-
— AR der and ultrafine WC-13%Co powder.
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Fig. 9. TEM microstructure of TiC-5% Co powder reduced/
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Table 1. Properties of sintered specimens (WC-10.00% TiC-12.12% Co) using different raw materials

Transverse Vickers

rupture strength  Hardness Weared height

. Densi 3 L
Powder preparation ensity (g/cm’) Coectvity

(Relative density %)  force(Oe) (kef/mm?) (kef/mm?) (mm)
Ultrafine WC-13%Co (<300 nm)+ 11.67-11.85 .
(ultrafine TiC-5%Co) (98.1%-99.7%) 322 124-148 1758 £17 0.001
WC (0.5 mm, D company)+Co(1~2 mmn) 11.3 g/em’
44 i .
+TiC (1~2 mm, S company) (95%) 1 78-110 [349£7.5 0.767
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Fig. 11. Microstructures of WC-10.00% TiC-12.12%Co specimens sintered using different raw materials. (a) ultrafine TiC-
5% Co powder and ultrafine WC-13%Co powder and (b) conventional WC, TiC and Co powder
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