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Table 1 Parameters of two-step austempering process
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(a)

(a) 900 °C (60 min) +250 °C (15min) +340 °C (60min) ; (b) 900 °C (60 min) +270 °C (15 min) +340 °C (60 min) ;
(c) 900 °C (60 min) +290 °C (15min) +340 C (60min) ; (d) 900 °C (60 min) +310 °C (15 min) +340 °C (60 min) ;
(e) 940 °C (60 min) +250 °C (15min) +360 °C (60 min) ; (f) 940 °C (60 min) +270 C (15 min) +360 °C (60 min) ;
(g) 940 °C (60 min) +290 °C (15 min) +360 °C (60 min) ; (h) 940 °C (60 min) +310 °C (15 min) +360 °C. (60 min)
Bl TERLSZELZSE FADINSIEAR
Fig. 1 Optical microstructure images of ADI under different two-step austempering processes

(a) 900 °C (60 min) +250 <C (15min) +340 <C (60 min) ; (b) 900 °C (60 min) +270 C (15 min) +340°C (60 min) ;
(c) 900 C (60 min) +290 °C (15min) +340 °C (60min) ; (d) 900 °C (60 min) +310 °C (15 min) +340°C (60 min) ;
(e) 940 °C (60 min) +250 C (15min) +360 C (60min) ; (f) 940 °C (60 min) +270 °C (15 min) +360°C (60 min) ;
(g) 940 C (60 min) +290 °C (15min) +360 °C (60 min) ; (h) 940 °C (60 min) +310 °C (15 min) +360°C. (60 min)
E2 AEWLSESREKTZSEH FADIFISEME K
Fig. 2 SEM images of microstructure of ADI under different two-step austempering processes
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E3 WLSEAERENTZ FADIFIXETLATHES
Fig. 3 X-ray diffraction patterns of ADI under two-step austempering process

FR2 MY EERENTZTADIFXHEITHENERSHRRAEARGFSEREABRETEER
Table 2 X-ray detection results of ADI under two-step austempering process and calculation results of volume fraction and
carbon content of austenite

Py 1, 20, 1, 20, V1% (C) /1%
1 159 42.899 3245 44.529 6.81 22827
2 370 42.967 4853 44.671 10.22 2.1576
3 382 42.842 3247 44.746 14.94 2.3878
4 2231 42.876 8527 44.716 28.08 2.3250
5 232 42.822 5368 44,731 6.06 2.4247
6 218 42.911 4380 44.627 6.91 2.2606
7 1710 42.832 6772 44.758 27.37 2.406 3
8 2183 42.891 6580 44.723 33.12 2.297 4
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Fig. 4 Tensile properties of ADI under two-step austempering process
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Fig. 5 Hardness testing results of ADI under two-step

austempering process
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Fig. 6 Impact property of ADI under two-step austempering process
and as-cast ductile iron

[1] 2FKEY, =W, Z08. SRR IGREMRT EIXTE W IRKARMEEERIZIN ] MHNEIARSEEE, 2012 (6) : 40-41.
[2] EZpk. ERFENKIKEFEY (AD) ARIKE RIS [J]. PEHISESSIEAR, 2007 (3) : 60-66.

[8] SK=ME, HENR, F=E, L FHEMIKFESRA ] $5HEK, 2001 (5) : 82-83.

[4] BEBE, HHR4. FRFEICEEXADIELFHZMEERISND [J]. BULEERL, 2017 (2) : 24-27.

[6] N&, BZE, B, & —LERRNEENSRIPADIERSMH

BERISZIE [J]. & EHWEIE, 2017, 42 (6) . 97-100.

(6]

(71

(8]
(0]

SHELTON PW, BONNER AA . The effect of copper additions to the mechanical properties of austempered ductile iron ( ADI) [J]. Journal
of Materials Processing Technology, 2006, 173 (3) : 269-274.

MRZYGLOD B, Kowalski A, OLEJARCZYK-WOZENSKA 1, et al. Effect of heat treatment parameters on the formation of ADI
microstructure with additions of Ni, Cu, Mo [J]. Achives of Metallurgy and Materials, 2015, 60: 1942-1948.

Bk, EERIAFRKFEFERSG AR SIS [D]. AR ARET KXY, 2019.

B|UER, B, KB, & OKIEFHFREFHRQTE00-75 R K T ZRIMHAR [J]. SRR, 2016, 37 (9) @ 1093-1097.



788 TE il [TV Vol.70 No.7 2021

[10] Z=ch, XPUTL. SHRANEREEFHRAIXSIELATE DT [1]. BAal . WIESR, 1989 (3) @ 2-4.
[11] ROBERTS C S. Effect of carbon on the lattice parameter of austenite [J]. Trans., AIME, 1982, 197: 203-204.
[12] Efelg EFREHEHEMRREMIORRST [D]. 57E8: FFRAF, 2016.

Microstructure and Properties of Two-Step Austempering Ductile Iron Bars

LIU Cai-yan, ZHANG Yun-peng, WANG Xiao—xue, XU Hao-ran, DU Chang-chun
(School of Materials Science and Engineering, Xi'an University of Technology, Xi'an 710048, Shaanxi, China)

Abstract:

The two-step austempering process of @35 mm horizontal continuous cast ductile iron bars was carried
out. The metallographic observation, X-ray diffraction (XRD) analysis and the testing of hardness, impact
toughness and tensile strength were conducted to investigate the effect of some heat treatment parameters
on the microstructure and mechanical properties of ADI in the two-step austempering process, such as the
austenitizing temperature, austenitizing time, the first step austempering temperature and time, the second
step austempering temperature and time, etc. The results show that fine-grained of ADI can be fabricated
by the two-step austempering process with higher tensile strength and high carbon content of residual
austenite. The first step austempering temperature presented great influence on the size of ferrite grain and
the content of residual austenite. As the first step austempering temperature increased, ferrite became coarser,
tensile strength and hardness showed a trend of increasing firstly, then decreased. The better comprehensive
mechanical properties of ADI were obtained in the process of 900 °C + 60 min (austenitizing) +310 °C (first
step austempering) +15 min + 340 °C (second step austempering) +60 min and 940 °C +60 min + 290 °C
+ 15 min+ 360 °C + 60 min.
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ductile iron bar; two-step austempering; austemepred ductile iron; microstructure and properties
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