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Influence of Vertical Centrifugal Casting (V.C.C) Conditions and Alloying
Elements on Microstructures of High Speed Steel

Sug-Won Kim, Ui-Jong Lee, Kee-Do Woo and Dong-Keon Kim

Abstract

The HSS consists of hard carbide and matrix of martensite, and so its charateristics of wear resistance, fracture resistance, and
surface roughness are good. This study was undertaken to investigate the influence of Nb and V and manufacturing conditions
on microstructural behaviors and characteristics in the HSS cylindrical specimens(90 mm©®: X 60 mm'”< 50 mm") manufac-
tured using VCC(Vertical Centrifugal Casting). In the specimen of Fe-2C-6Cr-1.5W-3Mo-4V alloy, the amount of MC carbide
was increased and M,C, carbide was decreased with the increase of V and Nb contents. The primary VC carbide was formed
and followed by the rod-type eutectic MC carbide was formed in the cell boundary in 9%V added specimen. MC carbide was
increased, and M,C, carbide was decreased with the addition of Nb content. In the specimen containing more than 3%NDb,
primary NbC carbide was formed within the cell of matrix. With increase in rpm, cell and carbides became fine, and amount of
carbide M,C; was decreased due to increase in cooling rate. (Received August 22, 2000)
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Fig. 1. Optical micrographs of as-cast Fe-2C-6Cr-1.5W-3Mo-
XV alloy (a) 4V (b) 6.5V (c) 9V
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Fig. 2. Liquidus surfaces of various alloy system[6].
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Fig. 3. The changes of matix structure with the addition of V in
as-cast Fe-2C-6Cr-1.5W-3Mo-XV alloy (a) 4V (b) 6.5V
(c)9V
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Fig. 4. Optical micrographs of as-cast Fe-2C-6Cr-1.5W-3Mo-
4V-XNB alloys (a)0Nb (b) 1.5Nb (c)3Nb (4) 5Nb

(a4)

o2 Qs 7P el AEs= MC, &3HES] oF
o] HojAt}, =3} cell =77} FolAl AL Nbo| A
7VEHA] @ AHUpo|E offo] REX O Z4Fe] F
Al AR &3t Aoz Azt

3%NbE A7FgE dFoME A S A
NbC eh3}Eo] AE =Hem 5%Nb A7 oA
T 2 %] F7HEAL S-S ERIE 4 ok Fe-6Cr-
C-W-Mo-V-Nbe] 3HE2AeMe] AlelE: Fe-5%Cr
(15%Cr)-C-Nb[10] Atel =9} vlsdi S-1opA2- ol &
g 4= i} 2%C, 1.5%Nb2] A4S 2t FgolAlg
SA 2 A Bobd AN R o) RAlSel A E
34 ®o}. ¥ 3%Nb, 5%Nb7} A7EEE d= A
X AllA FFEAY o] yMC FAHAS
24 NbCHYLE ZARA Hey. oldi= 2AA LR
MC(NBC) &H3}Eo] A= AFalare] 2Ado]
YMC sARALE FAAHE L—y+MC FRHERE0f
A1ZHEE), 1.5% NN 2242 v 7} Vet 3%,
5%Nb A7lfA] 2AALC 2 MC EH3}E-o] A& H4]
o 183l yARE SR Foll ufERialo] ER W]
gl 7| A Z2A1-E A3k Qi)

Fig. 5% Z-2 FA1& B4 =h3lE9] 3343l 2ok
< Uepd Zlo|th ARl (ays 4% Vel Arkd 71BEYE
ZAol X 9] wk3lEe] FAfolrt cell A9} HFo] F
A MCeEHEo] )31 glow, A HSel M.C,
e3lE-0] HelE #F & F Qo M, 'EE
7|48k colony A& HER ™ &F3EEo| colony®| F
AFAME ofF vMsl ZFAFE AP A
HAE 55 & F Qlct 2By MC EH3lEe] 3
A 2 #A} 2 A AdAs BAke] EE 7R
I 9l A71el 9%VE HZMXFHE we s3] ¥
Aol WzkElGe. A9 Ve 23158 FAeR 1
Tl AR MC sI3}E5o] HAl= 9l Aol &
A3t 4 9ok AR bRIM B FA MC gkEEe]
Ao A =3ES do' A AA st A&
o g ok FA EEEEo] AARHEA JIAIHEE
A AASE lamellar +27} Egoh. 5%Nbe] AHrRsl
ZA| ARl M= Vol 71 2213 w7 AR cell
FAell 24 NoOt AEHe] glew, dwkAle] =4
NbCe I3 2] +25 2= sh3E24] (100) B3ke
2 AAsEY11]. =8 A eEEET o8 A
B3 ES oz A A AL & 5 U 3
EREE52 Y55 VIF Nbs FAFSE3 MC =3}




Vol. 20, No. 5, 2000 Journal of the Korean

Foundrymen’s Society

- 327 -

(a) &,

Fig. 5. SEM micrographs of carbides in specimens (a) Eeutectic MC and M,C; in Fe-2C-6Cr-1.5W-3Mo-4V (b) Primary MC and

eutectic MC in Fe-2C-6Cr-1.5W-3Mo-9V (c) Primary MC
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Fig. 6. Analysis of composition elements in primary MC, eutectic MC, M,C, and matrix of Fe-2C-6Cr-1.5W-3Mo0-4V-3Nb alloys
(a) primary MC (b) eutectic MC  (c) eutectic M,C, (d) matrix
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Fig. 7. The variation of carbides area(%) with V and Nb contents in Fe-2C-6Cr-1.5W-3Mo-4V alloy
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Fig. 8. The change of microstructures of an Fe-2C-6Cr-1.5W-3Mo-4V(a) and Fe-2C-6Cr-1.5W-3Mo-4V-1.5Nb(b) alloys with

revolution per minute(rpm)
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