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The Effect of the Multi-phase (ferrite-bainite-martensite) on the Strengthening
and Toughe=zing in the Ductile Cast Iron

*Sug-Won Kim, “Bang-Sik Lee

Abstract

This study is aimed to investigate the effects of the multi-phase(ferrite-bainite-martensite) on the strengthening
and toughening in ductile cast iron,

All the specimen were austenitized at eutectoid transformation temperature range(a-+y) for lhr and austempered
at 300°C and 400C for various holding time, and then quenched in iced water for miti - phase (a—B—M),

When the volume fraction of martensite is below 15 %, excellent maximum fracture load can be obtained due to
strengthening by the fine martensite, but, with increasing of volume fraction over 15 %, it was decreased drastically,

The martensite size became finer and the shape of it changed from bar to spherical type with increasing of aus-
tempering holding time,

The higher the austenitizing temperature is, the more preferential is the formation of austenite phase around the

graphite nodules improving strength and toughness of austempered ductile cast iron.

d4, A& =AW W E Fre A 1
ng #HIoe PAEAFHY dx9 ddE T4
i

o ¥4 & & ZAsA AN hE A7 wol W
TEEAFELE RS 2PTHEY B gte] A3 gloh 24U3s W o R Ni, Mos 3 #
Al e 71A2AE MM A o] F2 o FEFLAE Friske wi2a A whgPol
HeelExAo 2R 24wt Wuirido] gl Ath,
T HAGGolERAE €& F Jdof dA +E£E& A Al sty 2 bl e Al I L VAR
BEE2A, AAHL WM g dalle AHEO AL HdeolEg} vf2dAlolE S AE S 7}
ok a8y, 7EEE 23 sl A ARE ) s e A WeelE JAxHe g ZAUBANTIZEN V)
Bot Q4E T FEATIE ARSI Y AHAZEL AN T Roth, o]9fgo] 7S
A5 ofof gt FH AE A7 VIAzH e WHed B &
TRAEAFH ] 7iAzA o] HLgolEH F AE AFHog d7sta Ut
e X0 94, Aol AstHa wetelEo]d FRAEAZHY e xumgR o] s WA

B S F o)
L LEE ST

& F 8 I Dept. of Metallurgical Engineering, Chonbok National University)
&3

ol ol

8} 2H(Dept. of Metallurgical Engineering, Chonnam National University)
10



FXA 84335 (1988.9)

- 311 -

g wo)
o= st loltol
Stk A F7HA) 24
el A g 24E T
oE 24EFEA | 7
ﬂﬂé—ﬂ“ﬂﬂ_$@ﬂ ] 549
FEATHE ATt BT Ho} AW TREAF
o) 3AEFEA A E A7 Hei uo)
o}

B

H A= WA HotolEs) a3 AlgE
(aty)TERE T oA 22HUolES A)7)m,
LR P2mol A Eghd wolvolEnE whe
MBS FAAZ F SRE 29038k 33(H gto
E—Ho]olE )8l FAEAFEE
Z3FHIL O1F 340 FTAZAFH ] 433

mAlE7E A HE 5‘}%3}.

el

—ul=2H Ao E } 5

L

2. Alaiu

2-1. A|HX|ZF 3 FX2|

AMEE 157 FERAA gt en 3
S+% Table 13} 2T} &85 Y-block 9] A
HS 71AI7HE3EA 7X10X55" 2] A EHE A
Astolon, Az o] detolEVF HE Fig 1%
#ol A3 49 st £ 3FEHREA S &
71918 A Fig. 29F 2] (a+y) <21 840C 2 860C
NA 1A ZEERE FAAIZ F &4 wojrol E
741 300C et A wiol el E we) 93] 400°C
ANAM Z+2F 0~3000F5 < A & FYAIAY &
Aol AHE3 2 &E HEL NaCl: BaCl, =17 12
T3t AFR-BE AL A &8 P8P KNO;

= 1:12 &gt A&l

o
C_}"f_"_'

S
=

WOTX 6hrs

Furnace Cooling (0,33 T /min)

L)

—— i — . ————— W

3

e g A e e A T R W SV S ey i A W -

Furrace Cooting (0.X) T _/min)

TEMPERATURE(C)

TIME (sec)

Fig. 1. Heat treatment cycle for ferritizing.

Table 1. Chemical composition of specimen.(Wt. %).
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Fig. 2. Schematic diagram of heat treatment cycles for

multi-phase ( ferrite-bainite-martensite) matrix

structure,
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Photo 2. Microstructures of specimens quenched in ice

water after 8340°C(A) and 860°C(B) for 1hr.
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Photo 3. Microstructures of specimens austempered at 400°C for various times after austenitizing at 840°C for lhr,

(A) Osec (B) 50sec (C) 100sec (D) 500sec {E) 1000sec (F) 3000sec X200

Photo 4. Microstructures of specimens austempered at 400°C for various times after austenitizing at 860C for lhr.

(A) Osec (B) 50sec (C) 100sec (D) 500sec (E) 1000sec (F) 3000sec X200
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Fig. 11. Relationship between maximum fracture load
and charpy impact energy(kg-m).
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