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Microstructures of Austempered Ductile Iron Austenitized in the Intercritical Region
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The current study investigates the influences of intercritical austenitizing temperatures on microstructures and mechanical properties
of austempered ductile irons. A series of intercritical austenitizing temperatures ranging from 775 to 900°C are used and austempering
is performed at 400°C on a conventional FCD700 ductile iron. Experimental results show that, austenitization at 830°C gives rise to
the optimum combination of strength of 974MPa, impact energy of 166 J, and 16.4% ductility. These properties are much higher than
non-treated ductile iron with 790MPa strength, 42J impact energy, and 8.2% ductility. The 830°C austenitized and 400°C austempered
microstructure consists of 8% proeutectoid ferrite and 27% retained austenite. The uniform distribution of refined ausferrite grains is
responsible for the increase of overall strength. Furthermore, nano-size martensitic transformation induced by plastic strain is
observed by TEM inside the blocky type retained austenite. The increased carbon content, adequate size and distribution of retained
austenite combine to increase toughness through martensitic transformation giving rise to transformation induced plasticity (TRIP)

effect.

Keywords: austempered ductile iron (ADI), intercritical region, retained austenite, transformation induced plasticity (TRIP)

1 A

TRHFIE K 5555 (Austempered ductile iron, ADI)ZDUEMESESEAUKITIENK BUREEATG: « EERHYAITEK SRR P FH Y
TRHTHHSRIE - 49 900°C DA AR MEITRAM - (A SE 2R IR L - e i R MR A T DR R ARARHTIE K - FLARLS
FHUR 7 FH S s e S A M 838 R iR AR R T FHSE 2 45+ IR S SRS ESRIA Hh  SB 8 (k88 + 4 FesC)RIH] » Al
TR WA AED B A 4H A3 By R HTHEA 88 ausferrite) (1) « AR ERHTEDORERA (5 & SR AV BINAR S B B BRI 75
SR KHTENK (330~450°C)i - SEETHE RIS AR - HE B KSR - 5 LKA #8(upper ausferrite) - HA{K
P ~ (ISR RS - (ECRURHTEIK (250~330°C) R » TR RV EIT SR - 8RR/ &AM At > 8 oK
Atkiregi(lower ausferrite) - BA SIS ~ 558 B (KA M:(2) -

SRITIEDK FE M SR B L i ~ BREL - PERESUE RSN TS - Hosth oK T I S S s R IS - B RS RsR
#14:(Transformation Induced Plasticity, TRIP)H 5274 (3)-(5) « AR RITEDK ISR » FHES (LI IE ~ 8840 - W BilfEssh &%
TR SR AR - {515 ADI [E8E 2 s fl = I MEATI R - R85 Aranzabal %225 (6)Hy ADI fYJE T FES dh4 v] 38



B o mRHTEDKORE (400°C) 2R R % H SR E& - HaA S HBEAAB IR R(K - £ TRIP B2 P ATEE B2
% o MBMEEPIREER R HERE I ERNE - 25l BT R RST - B3 - i ~ BlaraR > Hd &
R EF B RAR(T)-9) » SRR /N S S B AV R OR T S B s AR E M - R B R P B I e
{E Ry B SRR AL L B FZ > SR SRR ST RER ~ e BEYERHVFR AT > n] DUF A B 0 (Rt FH A AR 2
FERANLE - st ey B N ETR] 4 R1(10) -

FFRITEDK S 3 7] 20— R A M5 e 5 R ERIRRA - ADI B ZREE — R I 1 553 B B A R BRI
'H > {2 ADI fUREFENE AT > ZI0 TR R Rk FHRGS R E - AR TIREE - (EIR SR BRI f TJ B A
BETN - RorE LA - Muehlberger jft 1986 4F - £ 2 I L2 IR K AE 5558 (machinable ADI, MADNEURE » fER:th 2]
EOR BT INTACRL - 2E 0 M (11) - MADI 7RI FH 8 EOR B AL SR SERY | ~ TERFUREERN - ZIE R
SRR - BRORAH AR H O ALK S RO R AR ST AE A (12) - FLORRE /M Y SRREER S SRR B ADI ] - HRRZR(ER ADI
BRERT 4 ADI 2 JEVEERRME(13) -

AT By T (7 FH S04 2 HEPR MBS 040 > W DATREE ADI I ~ $27F MADI Hya6 s BRIy H Y - DRI e
FREEFER R LR - T RERENRS > FRAHIAFEAE BB S ADl BURHEGIMEE
THATRERS -

2. EEITA

AEBFT RS G ERAEHRAL 2B FCDT00 #1f} - Hp a1 —FrrR - BRAES (T o HUS SAE R sl
Hh > Ak ASTM A327M-91 BUFMERRCIATEEAR ~ ik ASTM E-8 BUEME/ NILFI(hERE - BLAh - MR FEIT IR LY
30mm i #EFTim i FU(SEM) B EE A (TEM) B T siat A 2 Hitkk - TEM SR BUEE Jofal R it 24y 1oum 248
£ > FEETRAEETRCHT 2R R R R T2 e Bl - SOFH 196880 k. 9996 /KEEIR i E i AR e 28 fL A Ik -

k4% Gerval FERZ AT tH M 8+ 2 T 5 ((14)(15) » AWTFErL b~ NHEFURELY R 811°C & 772°C « [NEEA

BRI E NI = EDRSE 775 ~ 790 ~ 81 805°C #ETT 60min ZRHH ¢ Hit LA EET R IHEAEF —f(E FHEY 900°C JRITHH#K

BRI A EERE 0 830 K 870°C EW{ENRE » DIRESSAPEHE FURE SRR  BRIELZSh - AWFFEILEL 900°C 50
60min 1RAETTHGURITIEDK Bn i - DU IE 2 S i B T 2 Pl - AR R biE B 2 1% > 3R BRI A 5
FRITIEDK EE (2.5 22 NaNOg f2 2.5 23T 2 KNO5(16)) > 124 300 Kz 400°C £ 60min &7 2 pa il - &XE IR AyE
R BEEET SRS RIS o B - B - SRR E SR NG - PUREIRATELR o &CREVTE - D
I Rigaku DMX-2200 X-ray GEFHEEHIE - DL X SeSest & SAH A B L0 A (L 7) &R AT H I & -

F— FCD700 BRESEF %R
Table 1 Composition of FCD700 ductile iron used in current study

FCD700 C Si Mn P S Cu Mg
wt9 3.75 270 0.60 0.050 0.008 0.30 0.040
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Table 2 Constitution of microstructures in specimens treated at different austenitization and austempering temperatures (vol.%)

Process Proeutectoid
Ausferrite Retained austenite Bainitic ferrite
(Austenitization-austempering Ferrite Graphite
(AF) (RA) (BF)
temperatures, °C) (PF)

775-400 61 14 25 9.0 16.0
795-400 43 14 43 15.3 21.7
805-400 19 14 67 20.9 46.1
830-400 8 14 78 26.8 51.2
870-400 5 14 80 35.1 449
900-400 0 14 86 43.0 43
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Fig.1 Optical microstructures of specimens austentized at (a)775, (b)790, (c)805, (d)830, (¢)870, and (f)900°C and austempered at
400°C
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Fig. 2 Morphologies of ausferrite structures by austenitizing at 805°C and austempering at (2)300 and (b)400°C

(PF: proeutectoid ferrite, RA: retained austenite, AF: ausferrite.)
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Fig. 3 (a) Tensile strength, (b) elongation, and (c) impact energy of specimens austenitized and austempered at different temperatures
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Fig. 4 Samples austenitized at 805°C and austempered at 400°C (a) prior and (b) after tensile test.
(AF: ausferrite, PF: proeutectoid ferrite, M: martensite, G:graphite)
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Fig. 5 Morphologies of martensite in samples austenitized at (a)830 and (b)900°C before autempering at 400°C
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Fig.6 (a)Ausferrite and (b) blocky austenite in samples austenitized at 830°C and austempered at 400°C by TEM

(BF: bainitic ferrite, RA: retained austenite, BA: blocky austnite, M: martensite)
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Fig.7 (a)Ausferrite and (b) blocky austenite in samples austenitized at 900°C and austempered at 400°C by TEM
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