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WC/CoAl=3 &3 e HA

1914 First sintered tungsten carbide

1922 WC-Co (Widia - N)

1927 Graphite Free WC+Co

1928 WC+Stellite Binders

1931 First use of grain growth inhibitors
WC-Co-VC/ WC-Co-TaC

1932 WC-Co-TiC-(TaNb)C

1938 wWC-Co- Cr,C,

1951 WC-Ni

1956 WC-Co-TiC-Ta(Nb)C- Cr,C,

1959 WC-Co-TiC-HfC

1965 HIP

1966 Submicron WC-Co
1972 Submicron WC-Co-Cr,C, (WC=0.9/m)
1973 Submicron WC-Co~(TaC,Cr,C,) (WC=0.7/m)
1976 Submicron WC-Co-(Ta,Nb) (WC=0.8/m)
1979 Coated Carbide Tools
Present on Tailored Substrate

1984 Continuous Direct Carburization

UltrafineWC-Co-VC (WC : 0.36/m ~ 0.574m)
1990 Thermochemical Process

Nanophase WC/Co (WC ; ~100nm)
2000 Ut 2 R Jarst AF
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Hardness(Hv)
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Spray Conversion(2§ & Bt &)

B—— 1
Advantage
Hot Air —, \ o Scale up processing
N1{7 Roury . .
_/Atomizer] o Spherical shape powder production

Prcniznion e ent )

— o Easy to control size

Spray-Air contaet

Drying Ch be o Easy to control composition
Drying Chamber

Variables
Cyelon o Solution viscosity
o Feed rate
o Atomization speed
o Inlet & Outlet temperature
4 Powder Container
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impecien
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Hot Air-—-b—-—_—} /_1

/ Rotary

— "G
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: {DryingChmbe:r

+—— Powder Container

Spray Conversion(2 4 8t =)

Advantage
o Scale up processing

o Spherical shape powder production
o Easy to control size

o Easy to control composition

Variables

o Solution viscosity
o Feed rate

0 Atomization speed

o0 Inlet & Outlet temperature
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Thermochemical Process

( ) =m| X
Solution preparation =4
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TCP &3

[Solutlon preparatlonJ
v &—

[ Spray drying

( Chemical Mixing }
Ta, V salt J

[ Reduction / Carburization / Decarbutization ]
k2
(tw.Codoxide — W/Co)

@/Co — WC/Co + free carboB

@emovlng the free carb@ ( Mechanical Mixing )
v L WC/Co+TaC, VC J

[ Compaction J

[ Sintering J
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T Mecanochmemical Process
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MCP &3

{ Solution prepaiation ] [ Chemical Mixing w

y < Ta, V sal
[ Spray drying L >t J

( Ball milling(Carbon Mixing) )

( Reduction / Carburization ) ( Mechanical Mixing }
v ‘—‘—L WCICo+TaC.VC |

[ Compaction

v

L Sintering ]
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TEM morphology of WC/Co

Conventional WC-10Co

*» Large WC grain
with defect

* High Dislocation
Density

. Stacc ’; 6

NanoWC-10Co

| '« Small WC grain
Yy o without defect
!ﬂ . ‘:%: o o Dls%ocatlon free WC
" grains L
) “Twins in }

* Sintered at 1375°C

KW Korea Institute of Macineary and Materials

-74-




L =4 839 XA

E0E WC/Co 22 BZS S48 NUF + WCURY U3 SA 24
S SFANME JN HHOT BEA SRH0 EFY DM - 29 X5

o SEH YY o5t AUE B W

VC, TaC, Cr,C, &

)

-

0000)

A

VC, TaC, Cr,C, S

- A3 2 XTHO0] OM, 7Y
= (Hv)
1,900 — 2,070

KR Korea Institute of Macineary and Materials

2 E g
=2 =
100.0"'//‘!-:“}_,.1—— e
re ¥ /,/
99.5 PI p ‘///
j
§ 99.0 & . //
Z o851 s
c " K
o t /
) 98.0 - /s -¥- Nano. WC-10Co
> d 4 Nano WC-10Co-0 TTaCIVC(M M)
o r e Nano. WG-10C0-0 7TaCVE(C M )
97.5 ® Submicron WC-10Co-0.7TaCVC
97.0 PR S { IO L I L

0 20 40 60 80 100
Sintering Time(min.)

Chemical Mixed
Nano. WC-10Co-0.7(TaC,VC)

KB Korea Institute of Macineary and Materials

-75-




2

1800

1600

1400

1200

Hardress(Hv)
g 8
A SHL SELAN BELAN RN S B

—a— Naphee
—— Nano. (Mech mixing) 80
3 & —a— SubrricronQ6um)

=N (G . + - Subyricron(1 um) g

Loy 1oy - Shyiagm ), s 1} IO TP U NS BT IV NVE BN O B
1 700 800
00 02 04 06 08 10 0 100 200 300 400 500 600 %00 1000
Terperaure(° C)

Iphibitor Content(w. %)

W Korea Institute of Macineary and Materials

TRS (kgfimm2)

500

L[ —®— ~ano. wC-10Co

5 Nano, WC-10Co-TaCVC(M.M.)

450 H A Nano WC-10Co-TaC/VC(C.M.)

F —W— Submicron WC-10Co-TaC/VC
400 -
350 | - A

a

300 |
250 | m

Ll

et ™.

2000 . TR

[ ~— s
180 |- \ﬁ
100 1 1 n 1 1 n 1 1 .

0.0 0.2 0.4 a6 [=X ] 1.0 1.2

Conternt of Inhibitor(wt.%)

KM Korea Institute of Macineary and Materials
L]

-76~




TiC &% X018 =3

I Straight Grade(K Grade)
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Wear Surface Morphology of
Conventional and Nanostructured WC-Co Composites

Nanostructured

Conventional 140 micron)

e
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Solution with

Metal Salts Solution Burn up : Remove Salts

Spray Drying

WiCe/Ta/V
+C

Reduction Carbonization

—
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Lt =3 Zat Ji=(AEX S§4)

~ Characteristic =~ Specification.

WC/Co composite .
particle size 0.2 m

Co content 6% ~ 15%
Total carben 6 13°:(WC basis) +0.05%
Free carbon +20.05%

Oxygen < 0.8%

WC-6Co
WC-8Co
WC-10Co
WC-13Co

—
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