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Table 1 Chemical composition of QT400—18
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C Si Mn P S Cu Ni Mo Mg, RE, Fe
3.8 278 0.14 0.024 0.008 0.367 0.23 <0.001 0.057 0.03 4xii
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Fig. 1 Microstructure of as-cast ductile iron with M;=1.25 cm

(a) 920 C/1h+280 °C/1.5h; (b) 920 “C/1h+330 C/1.5h; (¢) 920 CC/1 h +380 C/1.5h;
(d) 920 C/2h+280 C/1.5h; (e) 920 C/2h+330 “C/1.5h; (f) 920 °C/2h+380 C/1.5h
E2 TEFERFENTZSHTADINIRRER

Fig. 2 Microstructure of ADI under different austempering process parameters
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(a) 920 °C/1h+280 C/1.5h; (b) 920 °C/1h+330 °C/1.5h; (c) 920 C/1 h + 380 C/1.5h;
(d) 920 C/2h+280 C/1.5h; (e) 920 C/2h+330 C/L.5h; (f) 920 C/2h +380 °C/1.5h;
(A, (B, (C), (D), (E), (F), (A), (B), (G, (D), (E)F (F) ZREHBKE
E3 FRZRFEKTZSH TFADINIIXEFE
Fig. 3 Secondary electron image of ADI under different austempering process parameters
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Fig. 4 TEM images of ADI matrix structure obtained by austempering at 920 °C/2 h + 280 “C/1.5 h
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Fig. 5 Fine structure of ausferrite in matrix of ADI treated by austempering at 920 “C/2 h + 280 “C/1.5 h
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Fig. 6 Distribution of carbon element in matrix structure of ADI obtained by austempering at 920 C/2 h + 280 C/1.5h
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Fig.7 Distribution of carbon element in matrix structure of ADI obtained by austempering at 920 °C/2 h + 330 “C/1.5 h
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3 #hig

(1) SIS NREFI260 °C. 330 CHI3B0 CLME
SEIRADIEMRBL S BN BEEIR . BEEKIAR+ SR BT
R, BERIR+ R IR+ HURBE IR . lEEEIRIEES
BENTS, BRKMARAERL, BRIRSHRERKEK
HERE, BERKIMMUGEEN20 CRF, SEAHHE
BRARMRERTE (1~2h) AOFERTIEE .

(2) EZBEHNETMED R —REREKARAR
SEN ERAZIE) AR T B L2200 ~25° RIS HRER
RAREISEE SR EARN, BESEETRENRE
K, SHERKERI%ERERYE—ERENMR

LeREERER ([EEL36~57 nm) FI4kES
B ERER (EEL824~29 nm ) HEREHEMR
MABESAAER (EELN1 pm) , HYEMERE
TREAFEMIEE, BERBRARARKFER
ZBEEBEMMABLIE20° ~25° AIBREKAELR,

(3) FEADIEFRARPIHRAE MR
AP EERS. B, TGEETHREFHERT
B.E, BREGRPRE EhEE kR IA/R R RRIEEAY
IRRTEHRN . LA, ERIRE AR, RES8
2 ‘U B, BRRRENSRERFLHREE
M.

Brigt: W 2HE T A F IR AT 0 B9 7 IE

. BT, EREEE (280 C, 330 C) F&RiEL
SKISAADIERPFER — & & B0 KA TRI K

Bl B BARREHE TR LRET RS H®
BRI, KT R

SEXMk:

[1] DODD J. High strength, high ductility ductile irons [J]. Modern Casting, 1978, 68 (5) : 60-66.

[2] GUNDLACH R B, JANOWAK J F. Development of a ductile iron for commercial austempering [J]. AFS Trans, 1983, 94: 377-388.

[3] HARDING RA, GILBERT G N J. Why the properties of ductile irons should interest engineers [J]. Br. Foundryman, 1986, 79: 489-496.

[4] BARTOSIEWICZ L, KRAUSE AR, ALBERTS F A, et al. Influence of microstructure on high-cycle fatigue behavior of austempered
ductile cast iron [J]. Materials Characterization, 1993, 30 (4) . 221-234.

[5] SHANMUGAM P, RAO P P, UDUPA K R, et al. Effect of microstructure on the fatigue strength of an austempered ductile iron [J].
Journal of Materials Science, 1994, 29 (18) : 4933-4940.

[6] BARTOSIEWICZ L, DURAISWAMY S, SENGUPTAA, et al. Near threshold fatigue crack growth behavior of austempered ductile cast
iron [C)// Morris Fine Symposium. TMS, Detroit, 1991: 135-138.

[71 BARTOSIEWICZ L, KRAUSE AR, SENGUPTAA, et al. Relationship between fatigue threshold and fatigue strength in austempered ductile
cast iron [C]// Proceedings of the International Symposium for Testing and Failure Analysis, ISTFA, ASM, 1990, 16: 323-336.

[8] PANNEERSELVAM S, MARTIS CJ, PUTATUNDA S K, et al. An investigation on the stability of austenite in austempered ductile cast
iron ( ADI ) [J]. Materials Science and Engineering: A, 2015, 626 (7) : 237-246.

01 B2, Fefh, KIM, F FRRNEREFHFLTFRRESREEE[)]. $51E, 2017, 66 (9) : 940-947.



L 1Y = ‘Et
20204 H8HA/EE0E LIS ST Founory

[10] HAYRYNEN K L, BRANDENBERG K R, KEOUGH J R, et al. Applications of austempered cast iron [J]. AFS Trans, 2002, 111:
929-938.

[11] BXh, =R, B SRR AREFUTRFREBEETH EAMA)]. $518, 2011, 60 (8) : 817-819.

[12] 5Kz, 2B, XUIK. ADIFIEASSRIAERISIRIN[]. $51&, 2014, 63 (5) : 439-443,

[13] YANG JH, PUTATUNDA S K. Influence of a novel two-step austempering process on the strain-hardening behavior of austempered ductile
cast iron ( ADI ) [J]. Materials Science and Engineering: A, 2004, 382 (1-2) : 265-279.

[14] HEEH. B-MEGAR SR ANEHRED]. SERWIE, 2010, 35 (11) : 1-9.

[15] LIU Jincheng. Unique microstructure and excellent mechanical properties of ADI [J]. china foundry, 2006 (4) : 253-257.

[16] YANG J, PUTATUNDA S K. Influence of a novel two-step austempering process on the strain-hardening behavior of austempered ductile
castiron ( ADI ) [J]. Materials Science and Engineering: A, 2004, 382 (1-2) : 265-279.

[17] AHMADABADI M N. Bainitic transformation in austempered ductile iron with reference to untransformed austenite volume phenomenon [J].
Metallurgical and Materials Transactions: A, 1997, 28 (10) : 2159-2173.

[18] NOFAL AA, EL-DIN H N, IBRAHIM M M. Thermomechanical treatment of austempered ductile iron [J]. International Journal of Cast
Metals Research, 2007, 20 (2) : 47-52.

[19] EL-DIN HN, NOFALAA, IBRAHIM K M, et al. Ausforming of austempered ductile iron alloyed with nickel [J]. International Journal of
Cast Metals Research, 2006, 19 (3) : 137-150.

[20] PUTATUNDA S K, KESANI S, TACKETT R, et al. Development of austenite free ADI (austempered ductile cast iron ) [J]. Materials
Science and Engineering: A, 2006, 435 (11) : 112-122.

[21] YESCAS-GONZALEZ M A. Modelling the microstructure and mechanical properties of austempered ductile irons [D]. University of
Cambridge, 2001.

[22] MARROW T J, CETINEL H, WARDMAN N, et al. Observation of retained austenite by electron backscatter diffraction in austempered
ductile cast iron ( ADI) [A]// Proceedings of the 20th Conference of HeatTreating, 2001: 491-496.

[23] &SRk, RE, REE WEARBKREFRM]. b5 YT ERRE, 2001: 197-199.

[24] ROUNS TN, RUNDMAN K B. Constitution of austempered ductile iron and kinetics of austempering [J]. AFS Trans, 1987, 95: 851-874.

[25] EEE BFBFEMFM]. L8 EERSFHEAREME, 1987 456-485.

Fine Structure Analysis of Austempered Ductile Iron

HAN Fei', XU Jin—feng', YAN Qi-dong®, WANG Ying—zhan®
(1. School of Materials Science and Engineering, Xi'an University of Technology, Xi'an 710048, Shaanxi, China; 2. Yuzhou
Henglilai Alloy Co., Ltd., Yuzhou 461600, Henan, China)

Abstract:

The fine structure characteristics of ADI matrix at different austempering temperatures were investigated
by means of SEM and TEM. The results show that when the austempering temperature is 280 °C , 330 C
and 380 °C , the ADI matrix is composed of ausferrite, ausferrite + strip austenite and ausferrite + striped
austenite + bulk austenite, respectively, and the ausferritic structure in the matrix is coarsened and the number
of bulk high-carbon austenite increases with an increase in austempering temperature. Furthermore, when the
austenitization temperature is 920 °C , the ferritic needle increases with the extension of the austenitization
holding time. At the same time, the bundle of ausferritic structure observed under ordinary light microscope is
actually composed of high-carbon austenitic slices and ferrite’s slices interleaved, which are roughly parallel
to each other in position or with a position angle of about 20°-25°. There are clusters of superfine ausferritic
structure with about 1 pm thickness in the matrix of ADI under the isothermal transformation at lower
temperature, which is composed of nano-sized high-carbon austenitic slices and nano-sized ferrite’s slices
interleaved that are roughly parallel in orientation. The number of superfine ausferritic structure increases
with decreasing isothermal transition temperature. No carbides were generated at the grain boundary of nano-
sized high-carbon austenitic slices / ferrite’s slices. Between the two adjacent clusters of superfine ausferritic
structures, there is an inclusion of ausferritic structure with a direction angle of about 20°-25°. In addition,
the carbon content of austenite on both sides of ferrite sheet in ADI matrix is higher. And along the direction
of vertical ferrite needle growth, the carbon content in the austenite gradually decreases as the distance from
ferrite/austenite grain boundary increases. Whereas in the bulk austenite, the carbon content is in the “U” type
distribution.

Key words:
austempered ductile iron; austempering temperature; ausferrite; ferrite’s sheet; austenitic sheet
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