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Change of Microstructure in Steel Castings with High Carbon and
High Chromium by Addition of Carbide Stabilizer Elements

Eiji ENDO, Minoru HATATE, Tohru NOBUKI and Hideki NAKAYAMA

Synopsis

In this study, we systematically investigate on the influence of additional carbide stabilizer elements, M
(M=V, Ti or Nb) on the amount, morphology and distribution of crystallized M7Cs and/or MC type carbides
in alloy tool steel (SKD11 of JISG4404) castings during solidification. The base chemical compositions of the
steel castings, produced by the investment casting process are 1.5 mass% C, 12 mass% Cr and 0.3 mass% V.
The castings were melted in a high frequency induction furnace and melts varying from 0.3 mass% V to 5
mass% V, from 0.5 mass% Ti to 4 mass% Ti and from 0.5 mass% Nb to 5 mass% Nb were cast into an
alumina mould 14 mm in thickness, heated to 1,373K. Microstructure of steel casting without addition of
carbide stabilizer elements M consists of dendritic iron matrix and continuous plate-like eutectic (Fe,Cr)7Ca
carbide. With increasing M content, crystallized carbide in the castings were found to change from
(Fe,Cr)7Cstype to granular MC type, crystallizing randomly owing to stronger stabilization of the carbide of
M than Cr. Therefore, (Fe,Cr)7Ca carbide is dispersed or separated by crystallization of MC type. The
dispersing or separating situation is remarkable in the order to V<Nb<Ti addition. From analytical
results of distribution of elements by energy dispersive X-ray (EDX) analysis, and detection and
identification of carbides by X-ray diffractometry, crystallized MC type carbides constitute VC, TiC or NbC
type ones, corresponding to additional elements M of V, Ti or Nb.

Keywords @ Investment casting process, Alloy tool steel castings, Carbide stabilizer element, Carbide,
Microstructure
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Table 1 Chemical compositions of samples (mass%).

Sample No. C Cr \ Ti Nb
V0.3 0.39
Vi 1.01
V2 1.78
V5 5.18
Ti0.5 0.40 0.66
Til 0.40 1.30
Ti2 1.4~16| 11~13 | 0.25 2.45
Ti4 0.38 4.07
Nb0.5 0.36 0.51
Nb1 0.35 0.99
Nb2 0.34 2.02
Nb3 0.34 3.15
Nb5 0.41 5.30

Si: 0.4~0.85%, Mn: 0.6~0.8% P: <0.04%, S: <0.04%,
Mo: 0.8~1.2%

Fig. 1 Microstructure of samples
a) V0.3, b) V2, c) V5, d) Ti2, e) Ti4, f) Nb2, g) Nb3,
h) Nbb5
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Fig. 2 X-ray diffraction patterns of samples.
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Results of EDX analysis (Sample No.V0.3).



FRALH A TR TN & B B jR

% - B0 U LGOI

00000000 25.0kV x1.00k SE{(L

¥R T ¥HREEMH YR HIFE0R
VS%-0T-matr ix

8.0 o 2

30-Ju1-2008 14:14!
Lsecs : €0

7-30¥V5K-QT¥VSN-T-matr ix. spo

3.00 a0
Energy - keV

5.00 6.00 7.00

D ¥R LT ¥TMABOBMIR S HITEON  7-309V5K-0T¥VEX-0T-Cr-sopt. spe  30-Jul-2009 14:2
VSK-aT-Cr spot Lsecs - 98

1

8.2

Crk

4.00
Energy - ke¥

5.00

Di¥ R T ¥ MR E M 2 IREDK
VYS%-QT-V spot

3 v

T-30¥YSK-QT¥VSK-0T-V-sopt. spc  30-Ju(-2009 14:13

LSecs : 67
9.2 o

7.3 |

5.5

Kint

0. 3 3.00 4.0
Energy - keV

Fig. 4 Results of EDX analysis (Sample No.V5).

0000000000 25.0kV x1.00k SE(L)

n:xf»t&l#ﬁs‘egﬁimtﬁfﬁlg,ﬁznx 7-30¥Ti2%-QT¥Ti2-0T Cr spot A2 | 5 h.spc  31-
Lsecs

Ti2%-aT Cr spot 60
4.9 _ Crka
v| kb
3.9 ]
2.9 | Feka
KCnt
1.9 4
Kb
MnKa
1.0 4 NbLa Crkb
Fel Ptha v Ka
C Ka - P K3 Tikb Fekb
Sika Tika

DX B TYHAREBAEMISE SIFEDR  7-30¥Ti2%-0T¥Ti2-0T matr is A D b5 L.spc 31-J
Ti2%-Qr matrix LSecs - 60

70 Feka

2

5.6

3.00 400
Energy - ke

5.00 6.00

DX E T ¥HABYEHYXE S INEDR  7-30¥Ti2%-0T¥Ti2-0T Ti spot 2D F 5 L.spe 81~
Ti2%-0T Ti spot LSecs - 60

8.8

3 TiKa

Vv Ka
Tikb .
crkb
id. ] FeKa Fekb
Vv kb Mokb
e -
0.00 1.00 2.00 4.00 5.00 6.00 7.00

00
Energy - keV

Fig. 5 Results of EDX analysis (Sample No.Ti2).

47



48 IR T e S Nod3

0000000000 25.0kV x1.00k SE(L)

3% % ¥ EDX  7-30¥NbSX-QT¥NbS-0T Crspot AT k5 L.spc 10-A
Lsecs © 60

FéKa

2.00 3.00 4.00 5.00 6.00 7.00
Energy - keY

[E xf#ul!mﬂgx,ﬁﬁ:s&uﬁminx 7-30¥HD5%-QT¥HD5-0T matrix A A2 [ 5 L.spc 10-A
NbSX-0T matr LSecs - 60

[ . 2
Feka

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
Energy - ke¥

[H it#ulﬁm%gyﬁﬁxﬁﬂdﬁfﬁ:nx 7-30¥NbS%-AT¥Nb5-T Hbspot A A4 b 7L spc m A
Nb5%-0T Nb  spo

R 3 HbLa

3.00 200 5.00 6.00 7.0
Energy - ke

Fig. 6 Results of EDX analysis (Sample No.Nb5).

ExDE, NMEETIR DB LizFREnwZ Ei
7eh. LIAD, MEEENMEVE, TEEAORMEX
BORBAEBNDI Y, 2 2IE Ka Mt TR LZW
LZANKBBHDINNILafRTOONT L 257280, K
H LR XBROBEE MK 95 Z & ME& S b, 9
2ob, FIET DILEDS) ﬁ%ﬁﬁ&mﬁgfétw@
VEEIEE LT, B/ IEETIE ooz LTkl
M%#@é&%z%né.%_T,1°yyay%ﬁm
201 A, WD (Z15mm T—& & L, J#HBELZ 5, 10,
15, 20 BL 26k V IZJERZE(LEH TrRFET v ELV S
ERRIHL, JTEOGHPRIIZ RIE T IHEE O %
Tz, 22T, EARELZRAE Vos Z26HL,
(Fe,Cr), C., a4 2 CB LU Cr 2B 5k
AR HOWTHER LTHIZEL-. Fig. 712 C &
Cr OitHFE~ vy B 7%, Fig. 8 [CEHBHT TR SNz
XD ARY N T LEELE TN EIURT. W iLFEREC
DI ENT-FERTH Y, & TH %7 BHZ 600s [FEA L,
ERINEMETHD. Fig. TITR-LE=C l‘ia’r\b\,ﬁ—if,
Cﬂf%muf%n%ﬂfﬁbtu% Lo E R
RLUTe. MEREEDMR Li 7/1:/70>fk§7'%75>
%2}97’3 5d&91Z, M,C, Fﬂi% T2 C OoAi A
ﬁnfmém,cn_owfmﬁ%fi&w._n
CDKalf0.53keV THHENDHDIZFL, Cr® Ke
R 51213 5.41keV O R X - BHLETH 5SS

b, NBHEED 5kV TIE Cr iZ Lo (0.57keV) TO
& 72 s LITERT S, —F, IEELENESWSEE
121%, Cr OSAITRINCEIN D K 5127250, C I3t

IR SRV L 225 T A, C ORI 72
HARWERRIE, Fig. 8I/RLIZT L DT, IdEEENE
2B H T, BEHANFET D C LD bEFES
DREVTHENLDO LD ZL OFFRB’ R Eh, Bk
ThbH C OFEXBOTEREER D, FiloiEZIND
ZENERTHDLEEZLND.

IO XD, FRAEMAERGTR AT L TV < IBfEIC
Téﬁ%ﬁm #@b%ﬁk%@@ﬁ%m%@é@%ﬁ
BT H20120F, =~y B IS ONEEEREKLS T2
&Crz@mén&wtb,Xﬁlﬁ_;émmwwﬁ
EEIT->ThD, MR L SO L > TRIEH O
AL & IRALMOTERE R FER T D4 EN H DH. SEM-EDX
W X DUMILREO ARG BT 2 A &5 5 B0
AT, INEEEIL 25kV, =3 v g VERIZ20UA,
WDMKMm@*#&L,HT@M(L%iUMCF
b2tk 56 MICBET A0 &179 Z LUz,

KRBt O L~ v B TTERE, ngqzuﬁ
9°.Fig. 9 ®# 8 V0.3 1, RRA#iL Cr Rik(EH T
HY, XBEHFOFRRE LD L, (Fe,Cr),C,u0D Fe i
SO Cr REARILMTH D, Fig. 10I1TRLIZL D1 ’%t
BEVE OFRALIE, Cr & VOSHRELESN, Cr RK



BACI HEBOCRRINC £ BERE - W2 0 LG OMMEL

Acc., kV

10

15

20

25

Fig. 7 Influence of accelerating voltage of electron line on the distribution of C and Cr elements by
EDX elemental mapping (Sample No. VO0.3).




50 IR T TAIFE I Nod3
762 Fela 5 KV 1.8 o FeLs 10 kV 2.3 Fela Feka 1 5 kV
s10] 1.3 o 18|
4574 105 1.4
KCnt Kent
Crka
3054 e I N 0.9 |
Cria crla
0 ka o ka ofa
EVir v e v la
152 13 f 0.5
Sika Crka Sitks
Sika v K
¢ ot Y Y 7 e 00 600 8.0 0.0
200 400  6.00 a's?.:r“ 1_0.'(:?} 12, 200 4. § kngrgy w00 i wie e300 S'E?,ery ‘-n_kg?’ TR
16 _ foka 20 kV 14,4 Feka 25 kV
vz 1.5
5.7 4 3.6
wnt Kent
- Fela ke s | Crka
1.9 2.9 ]
1o 3.0
000 2.00 a.00 6.00 8.00 10.00 1 0.00 2.00 4.00 6.00 8.00 10.00
Energy - ke¥ Energy - ke¥
Fig. 8 Influence of accelerating voltage of electron line on the energy of spectrum by EDX analysis

(Sample No. V0.3).
BSE(COMPO)

Fig. 9 Distribution of Cr and Fe elements by EDX elemental mapping. (V0.3)
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Fig. 10 Distribution of Cr, Fe and additional element of V by EDX elemental mapping. (V0.5)
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Fig. 11 Distribution of Cr, Fe and additional element of Ti by EDX elemental mapping. (Ti2)
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