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Abstract The purpose of this study is to investigate the manufacturing feasibility of WC-Co milling inserts
via Powder Injection Molding (PIM) process. WC-Co is used in a wide variety of cutting tools due to its high
hardness, stiffness, compressive strength and wear resistance properties. WC-Co parts for a high stress ap-
plication were conventionally produced by the press and sinter method, which were limited to 2 dimensional
shapes. Manufacturing WC-Co parts for a high stress application by PIM implies that tool efficiency can be
highly improved due to increased freedom in design. P30 grade WC powder (WC-Co-TiC-TaC system) was
mixed with RIST-5B133 binder and injection molded into milling inserts (Taegu Tech. Model WCMX 06T
308). The mean grain size of the powder was about 0.8 pm. Injection molded specimens were debound by sol-
vent extraction and thermal degradation method at various conditions. The specimens were sintered at 1400T
for 1 hr in vacuum. Carbon content, weight loss, dimensional change, and macro defects of the specimen were
carefully monitored at each stage of the PIM process. PIMed WC-Co milling inserts reached 100% full density
after sintering. Its mechanical properties and micro-structures were comparable with the press and sintered mil-
ling insert. Carbon content of the sintered WC-Co insert was mainly determined by the atmosphere of thermal
debinding. By controlling powder loading and injection molding condition, dimensional accuracy could be ob-
tained within 0.4%. We confirm that PIM can not only be an alternative manufacturing method for WC-Co
parts economically but also provide a design freedom for more efficient cutting tools.
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Fig. 1. Scanning electron micrograph of a milled P30
powder.

08T3080]t}. o] M3l QAAMEL Z7]E vehl= W
¥ (Inscribed Circle, 1.C.) Z7]+= 12.7 mme|3L &
s £0.025 mme]t}. A AHEE 27 B
A oA Az 2 2EE P30 Al et 1™
1o F4e] YA vehligly Has=s oF 0.8
umo|t}. Feed stock®] A|Ze| A% f7) AjtAl=
R5B1330] 3 G7aA] oA A AjHA| o)), s}
A& A 2] £3HE double planetary 31718 ARE-3}o]
150CellA 1217 &2t spsict. Egde #dF
A4 49.5%%ch AFEL 27E Arburg A&7 E A}
431312, ARlE &F Alo]gAlE AREEA] estet. A
F3Ae] AgAed vl AdgE 2] 8
AFEH, B ARESE, AFERE Y F¥REE
Wl Ao 8-S 2iREE ARE R, AolE
+= pin-point H}HA]-& AR8-3}9i )

AgA S AA= o FF2 F dEEE 244
7} AHEE . Sl SE S SA 2 AL AMEE
AL, 45l 8A7E Bt £v) FE3Ich &)
25 AHE AR F d89 =Hdo d88 =24
o g AFREAS] WEE 2] A3 52 SX,
AR @ £47)1& WA AT A8 $8 F 4
7} olo] FnkE A% B-9]7]el4 850C7HA] 11C/min
2 528ted 147 A8k A2 st ol
917 7k 42 EF 1 /ming2 FUSHA| shs
o} A3 AA FA AN FAFA A=A 7 A
A7} v 2 TGl A A= HA sago] W}
A vk, 2A4FA Folle vhawke] Wbyl Mo vz o
v A o] ghask EAo] Fasict. aelw I &

Vol. 6, No. 1, 1999



% AR -8

AR Fole 2729 B4 ol £2AS oA
3}z (Specific Magnetic Saturation, SMS) 223} 7t
L ZHAAQ] WS Ea shagks 235 do
meta] B dAors Al 7hA] el Al
HagE FE S0 248 1400T AT
A 1AL Bk BeAs ol AFEE 107
107 torrd 2 A2 2] WdAE Zdo|det. aA
F %, A% 9 A2 RS AN
2 FAA ] RES] B LR F4E QA
E& A A zich
3.4 1}

31 AFE

I 26 F¥U £3F B 23 AE e
At AE Aol glo] &b o g Falo] A o] F
oJFch. 2t 2] Fielil= 22 Aol EE F3F
w2 3ol o3 F-EH1 A" dAte] vehyich
a3y 29](a)dl] 3MEEE BAIGH ule} o] | Hel 9

T FFol 7]l BEARe. o] F FEEL A0

A== gk T2 el oo AR 5L 27 Fell
& 2 EA2 3= gkt a2l dEeel <l

ME2] 29 R FAEUL 22 Foll = =z}

o] 4L Ay FAFHA At} ol A F &
whst A 7o E2lrh dofviA] 45-¢ vigiet

AEFAHRA |E AFEAY FA HstE A}
T A3 FHE, ARSE, AFEEY 52 AEA

A 2 dg vAA] edoth ey ¥ 3
7.08
—m—110°C
= 7.06 | -.@--115°C
(=]
= A 120 °C u
® e
S 704l
[=4
o
Qo
@
o>
w 7.02F
=
=]
[}
2 700|
6.98 L

1 J.
400 500 600
Holding pressure (Bar)

300 700

Fig. 3. Weight change of green part with holding pres-
sure,

Fig. 2. Photographs showing the shape generation for the insert during progressive die filling.
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Fig. 4. Effect of heating rate on the residual carbon con-
tents after debinding. Holding temperature and time
are 500°C and 1 hr, respectively.
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Fig. 5. Effect of holding temperature on the residual
carbon contents after debinding & presintering. Heat-
ing rate and time are 1°C/min and 1 hr, respectively.
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Fig. 6. Effect of hydrogen volume fraction in debind-
ing atmosphere on the residual carbon contents after
debinding and presintering. Holding temperature, time
and heating rate are 500°C, 1 hr and 1°C/min, respec-
tively.
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Fig. 7. Pictures showing the macro shape of a sintered
insert and the magnified shape of important postion.
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Fig. 8. Microstructures of PIMed and conventional PM
P30 grade cemented carbides.
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Fig. 9. Inscribed circle size distribution of sintered mil-
ling inserts.
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