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A Study on the Transformation Behaviors of a Multi- phase
(Ferrite - Bainite - Martensite) in Ductile Cast Iron.

Sug-Won Kim", Dong-Keun Kim", Seon-Kyung yo*
Abstract

Ductile cast iron{DCI) with a multi-phase(ferrite-bainite-martensite) structures was produced
by various special heat treatment. Intercritical heat treatment(l. C.), intermediate heat treat-
ment(I. M.) and step quenching(S. Q.) were used to strengthen and toughen the fracture in-
itiation sites such as graphite-marix interfaces and eutectic cell boundaries in DCI,

The purpose of this study was to investigate of DCI by the special heat treatment. (I. C., 1.
M., and S. Q.)

At a result, bainite nucleation rate at higher temperature was higher than that of at lower
temperature, and shapes of bainite and martensite became bar /spheroidal type with increase of
isothermal transformation time,
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Table. 1 Chemical composition of specimen(wt.

%).
Element | C St {Mn| P S | Mg
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Fig. 1. Heat treatment cycles for graphitizing
(A) and ferritizing(B).
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Fig. 2. Schematic diagrams of heat treatment
cycle for multi-phase (ferrite-bainite-mar-
tensite) matrix structure, (A)Intercritical
heat treatment (I. C.), (B)Intermediate
heat treatment(I, M.)and step genching

(S. Q).
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Photo 1. Microstructure of specimens
(A) as-cast structure
(B) ferritic matrix
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Photo 2. Optical micrographs showing the mor-
phology at transformed austenite in the
specimins quenched in ice water (A) I,
C., (B) I. M. and (C)S. Q. after 840C
heat treatments and (D) I. C., (E) I.

M. and (F)S. Q. after 860C heat
treatments.
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Fig. 3. Volume fraction of ferrite for various
special heat treatment,

nt2EAle] EFL 860 ColA X Al ¥ B
o) &A3l7] wjFolny, &) 1.C.¢} IL.M. o u
ale] mlEHEAO|EZL Wol E&x)3he= S.Q. EAE
AH e AARET A *e AL ¢ T Y
o1} o AHUolESEo] dx7 I.C. Bt} =&
I.M. €xg AlEY AZZA=7 A veEhds
AL 12} Y3 AEE OA] L AHUO|ES A
2 3l7] WEol 71X 2A o] nMFEIL &
& 2A17Ee] o ZH|Uo]ESlo] 2J3 Hglo]E ]
°1Ajo] Z7tE RO E ALEHIIT

o]# 3 AL Fig.59 FANUANAME e}
Un, ufr g 71 Ao Exjst= ol B 4ol

?1

g FE FAde AS € g AT ojRe=
e nt2EAlO)ES] impR o] olF -5t

Aol Ex Wrle e 2A 9L FA R}
= A ¢ 5 Ak

3.2 3AH(ferrite-bainite-martensite ) HE{ S 0|
0|xX|= Ssgxzie g

3.2. 1 Intercritical Heat Treatmint2| H&
Photo.32 840, 1.C. €xgld| st An7



— 410 — FAEAF A 3FEF2A 9 Wy AF B AF - HAHY, I, /A%

1

170

Elongation(%)
o . .

<150

=
kg-f/mm?)

(

1
=
L=

h

3
Tensile strengt

120} T°
0
z 50
v 115}
’;—; 130
110t . ’ | : Photo 3 Optical micrstructures of specimens
1.C. LM. S.8. austempered at 400C(A,B) and 300C
Heat treatments (C. D) after 8407, I. C. treatment.
Fig. 4. Elongation, tensile strength and hardness zA o2 JAEAA|ZIo] 5EUw k7ol Hjoly
of quenched structure with various o)Ey} MAAFE 3080 ol2W wlojL}olE ukg
special heat treatments, o] A 194 urgo] Ao 8IS BHT 5 A

Atk A 39A & F Ax0], B2 ZUAA =
300 9] dlHjo]lE Wl FANAE A4 H o]

omocc 1™ UelEs FU 2d Ay Be 34o2 Wyl

8 CLE. (g ggo°C = Je AL ¢ & AN
- N T Photo.4& 840-400C, 1.C. @Al AlHdl &
of A Be0°C E SEM Aldolt}. @A W Alzte] 28 7

€
=
s | .3.65 Qo= oF7te] HlolUo]EVl AAH s i
5.0 2 Ho] ulZdA}e|Eoelt}, & photo.4(A)2] ozt
€ < FMog Hole I+ HgolEoln Hrl HA
| PBlx Bole 87 ulZdlAlo|Eolal ¢fgtel wont
27 o|E7} EA ST,
Tt L8 ge WejAIte] Sl wal WouolEv}
ok | Z7kste] e A|Zto] 30%-0] ol2W FHglo]
I:C. I..M. S.IO. = E 35 AYstnes Ao ARIt ulAg AN
‘ ool ERZ ¥E HASFS & 7 AAH. F2
fleat trectments WEjAITre] Ao) ek 2 9] BAo] ThEA b
Fig. 5. Charpy impact energy and wear loss of ehs AL € F AJY. FL2 HejA| ko] Ao
quenched structure with various special off ulg} 2F e EAJo] dhE2A et A ©
heat treatment. 23}t 2= 9l=d x7)o AMAE nlEEIA|EE= 7}

(66)



juio Vol 11. No. 5

Journal of the Korean Foundrymen’s Society

— 411 —

Photo 4 Microstructures of specimens
austempered at 400C for various times

after 840C, I. C. treatment : revealed

by the SEM.
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Photo 5. Microstructures of specimens austem-
pered at 300C and 400C for various
times after 860C, I. M, treatment,
(A), (C) :860C -300C
(B), (D) :860C -400TC
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Optical microstrures of specimens austempered at 300 and 400°C for vari-

ous times after 840 and 860C, S. Q. treatments. (A), (B) and (C) :840-

300¢C (D), (E) and (F) ;860-400¢C]
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Photo 7. Microstructures of specimens austem-

pered at 300C(A,B) and 400%¢C(C,D)
for various times after 860¢C, S. Q.
teratments.
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