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Abstract

The effect of austenitizing temperature and time on the processing window of 3.60wt%C - 2.50wt%Si - 0.80wt%Cu ductile cast
iron and that of the amount of copper added were investigated. The second stage reaction at 400°C was retarded with increased aus-
tenitizing temperature. The widest processing window was obtained at the lower austempering temperature with the increased time
at the same austenitizing temperature. The width of the widest processing window was decreased with the increase of time at the
same austenitizing temperature. The width of processing window was increased with the increased amount of copper added.
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Fig. 1. Determination of t;, ta, tni, and tpa [5,6].
Table 1. Chemical analyses of charging materials, nodulariser, inoculants and additives for alloying element.

(wt%e)
matirials C Si Mn P S Mg Ba Cu remark
pig iron 4.35 0.78 0.09 0.045 0.008 - - -

steel scrap 0.03 0.016 0.22 0.015 0.009 - - -
Fe-75Si 0.033 75.31 - 0.020 0.003 - - -
Mg-Fe-Si - 46.44 - - - 5.12 2.14 1.91
Ba-Fe-Si - 72.44 - - - - - -
Fe-Mn 6.72 0.50 75.55 0.005 0.35 - - -
metallic Cu - - - - - - 99.90
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Fig. 2. Austempering heat treatment apparatus.
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Table 2. Chemical analyses of specimens.
(Wt%)
specimen elements
No. C Si Mn P S Mg Cu Mo N ek
1 3.60 2.46 0.209 0.05 0.01 0.036 0.78 0.002 0.003
2 3.62 2.50 0.251 0.063 0.01 0.037 0.83 0.002 0.009
3 3.61 2.55 0.25 0.60 0.01 0.036 0.79 0.002 0.007
4 3.65 2.56 0.262 0.062 0.01 0.035 0.81 0.002 0.008
5 3.59 2.46 0.260 0.073 0.01 0.038 0.83 0.002 0.007
6 3.63 2.47 0.289 0.061 0.01 0.040 0.79 0.002 0.006
7 3.62 2.51 0.250 0.062 0.01 0.038 0.81 0.002 0.007
8 3.61 2.49 0.247 0.063 0.01 0.039 0.80 0.002 0.006
9 3.58 2.53 0.263 0.073 0.01 0.035 0.79 0.002 0.006
0.00wt%Cu 3.59 2.46 0.254 0.062 0.01 0.039 0.04 0.002 0.007
0.40wt%Cu 3.62 2.47 0.255 0.063 0.01 0.036 0.45 0.002 0.045
1.20wt%Cu 3.61 2.48 0.318 0.068 0.01 0.034 1.24 0.002 0.164
*The aim contents of C and Si were 3.60 and 2.50wt%, respectively.
*The aim contents of Mn and Cu were 0.25 and 0.80wt%, respectively.
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Fig. 3. Variations of the hardness of the ADI specimen austenitizied
at 950°C for 2 hours with austempering condition.
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Fig. 4. Variations of the amount of retained austenite of the ADI
specimen austenitized at 950°C for 2 hours with austempering
condition.
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Fig. 8. Processing window of the specimen austenitized at 900°C for different time.

L I

4504 S .
;). 400 4 L o
2
-
E
é 350 4 L] ]
2

300 4

10 100
austempering time, min.

(@ 1 hr

-

450 +

om

400 4

350 4

temperature, T

T
100
austempering time, min,

(b) 2 hrs

Fig. 9. Processing window of the specimen austenitized at 950°C for different time.

H|5lo] Q2HU|E F gha g
Sl o ZEA B¥sle] =
o7 AztdET

Q2EHE 2571 400°C F2olA] Z2AY A= F-71o]
g W2 Aoz Yet o] Q27T 27} 400°C
F2d 7 ghhe] it £l EoFY o AEUe|ES] A%
&% v mE2A o] TRk oY Q ZHUo|EVF S8
ALt AlZr0] Ao)X A HT}, 350°CHE-ZolME Bhae] At
ol By QAHUo|ES] AR £t 43S oF = A
o7 Azt 1 p7e] @ AEUo|ES) 25 o] W] mpE
Hal= a8 T2 e Aow AZETE 300°C9F L o))
o] LM E EAe] Bk £57) U] mjiEe] QA EUelE
3l 2% 9 A7) w2 Al o) Hebt 2o Zlo
2 Azt

Hd) Z2AY 957t dojA= S2HHE 25 Table
304 Kol upe} o] QA HIFE AJ7te] hE wf O AH|L:
o|E3} A7 X7} 950°CE H& 7%, 900°Ce] A$d+=
300°Ce] W& 2:9ld] HlEle], 400°CE =2 QHvE &
Lol dojRith. a3 U3 QA HUolESE Lroa HY)
Z2AY A== SZEHUolESE A Al7te] AE e
28y LroA Aot 950°Ce] AfollE aFA P
1}, 900°Ce] 2%olA & Al7Hs<tE L ~HUpelES} A3t A

¢}

=
o>

(42)

2 350°Ce] L8l 2N

AR oY T AZkeE Q@ ~H|Uo|Es] A AlZte] ZrlsHH
300°Ce] Bt 2"l e 2molA Aotk

A A 9E99 T7)E FYT QHUo|ES Az
2289t 950008 L=l 1
749 400°CollX ¥l =t
S Z2AN Y9EE 124 Folon Q2 HUo|ES Az
AlZre] 2 AIZke 2 Z71sE 749 900°Ce] Q¥ 2XmofA
Z2AY Q=7 98 Ho 2 THAEITE 900°Ce] 2ImolA]
1 AlZFERE S 2HUoES) XEgh 739 350°Ce] QAR
SEA 120 FolR o} 2 A B S E|Uo|ES) A
749 300°Ce] 2xolM 105 o2 Zasln o e
2EoA] Sz H U |Est Mgt A4 Alzke] F7Fge] mat
2HUo|E F ©he) g 949 1857t F718ke] ¢
2 xRl A9 sl Aol st

9] YO

% Ao ZeAY Qe
o

>
r\l
oft
2
o}
I}y
i
o
4
_>s’l_'4
i CH
ot

T fo

AfeUA 7L Aeia ez 757

ro M

3.7 ZEMY JA=0| OiXl= 72| 7t W&k

T A7t Z2AA Qg nHE TS A §
3le] 3.60wt%C-2.50wt%Si A1l FAESAFES Lt &
28 Yol 7EE 0.00~1.20wt% HNA 0.40wt% 7HH0 =
WA H7FSFATE 3.60wt%C-2.50%wtSi 24 e TS



3.60wt%C-2.50wt%Si-0.80wt%Cu A ARIH & FARS AT ] ZIAA A=l v|X]= dxjg] 2719 ok AsflS et al -93 -

Fao) maAd Ans

Z= Fig. 10914 EO]—‘:— uhel 7t

Fele A6 7 YA W o FMe

450 +

~ 400

350 +

temperature,

300 ~

T

100 300

austempering time, min.

Fig. 10. Variation of t,,, curve with the amount of Cu added.

o mXE= 2] Hrke] dE A8 A2

450 o tmu
P 400
®
=
B
§. 3504 m o
2
300 4
T T
10 100
austempering time, min.
(@ 0.0%Cu
| ] |1
450 4 o Im
400 =
350
300
10 100

austempering time, min.

(c) 0.8%Cu

s QeASle). o2l ele) Aoks e Q) ol
Arkgo] N4 A ZaAA AEe 776 2 JFe
SRR | G wkeS okt ANy, ) e
HUlEE QHsYIEe 2 B whe 2 QPgR etk o
2Eol=7} B Qg slelol st WSk wejehe g
Aprs] A AA7ITH tr]»a]-)\i E}io
A 1ol Hlsl 0], t,
Arlgo] F105E xe

; w
e 7
IR
o
il
2
-1
i)

4d B

3.60wt%C-2.50wt%Si-0.80%wtCu F4d 2] FASAF2
SARHY Al ZE2AY A5 nXe QAH Lo ESE A

2=k AZF T T A7) FEFE ATt o
o ARLS AYt}

1) S2EUo|Es} 2] 57t =855 400°Ce] .24
g 2xoA 2 @A ukgo] AAF T
2) A Z2A 9=9E S2HUolES) A Agke] S
74t o B S 2EH Y] 2ToA dojx Tt
3) Hd Z2AY A FL2 FU3 L2H U ESE Az
To| A A AlZke]l St E At
4) 0.00~1.20wt% HeIoNA 2] H7bgol Sl uhek

=

ZEAN Ax9 Fol FItstAh
m ot
450 < o]
LU
2 4004 . °
e
=
®
g. 350 4 [] o
2
300 4
10 100
austempering time, min.
(b) 0.4%Cu
"
450 0 tw
e 400 ] ]
g
E 3501
300 4
10 100
auslempering time, min,
(d) 1.2%Cu

Fig. 11. Variations of processing window of the specimen with the amount of Cu added.



—94 = F233sR A 299 #1235 (2009. 4)
A 2 [3] D.C. Wenand T. S. Lei : Mat. Trans., 40(9) (1999) 980-991.
[4] N. Darwish and R. Elliott : Mat. Sci. & Tech., 9 (1993) 572-
B ATE wesehlers} o

Skl 71eAlehe] A3 Ealel
ol ool ZAI=RIT

[1] A. Alagarsamy et. al. :
323-378.

[2] A. Nazarboland and R. Elliott : Mat. Sci. & Tech., 13 (1997)
223-232.

"Ductile Iron Handbook", AFS, (1992)

(44)

[5] A. S. Hamid Ali and R. Elliott : Mat. Sci. & Tech., 12 (1996)
1021-1031.

[6] Chan Tung Chen and Tien Shou Lei
(1999) 82-85.

[7] R. Elliot : "Heat treatment of Metals", (1997) 55-59.

[8] J.-J. Park, G-S. Seo and H.-W. Kwon : J. of KFS., 28(6)
(2008) 273-281.

: Mat. Trans., 40(1)



