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The Effect of Alloying Elements and Heat Treatment on
Mechanical Properties of ADI
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ABSTRACT

The effects of alloying elements(Mo, Cu, Ni) and austempering temperature conditions on the
microstructural morphologies and mechanical properties in austempered ductile cast iron has been in-
vestigated. The austempering at 350°C for 2hrs after austenitizing at 900°C for 2hrs in all specimens
with various alloying elements was optimum because the good combination of tensile and yield
strength, hardness and impact value was obtained. The microstructures of these ADIs treated by a
forementioned austempering condition are nearly a mixture type of needle and feathery bainite.
Among those alloys, Mo-Cu alloyed DCI had the best optimum mechanical properties of hardness and
toughness for automobile parts by austempering treatment for Zhrs at 900°C followed by 350°C for

2hrs.
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2. A3y

2.1 88-F=

£ Ao A8 TAFAFHE 1E 230 A=
ZE o|&3}od A3 (Sorel metal), TH(SS41), 7}
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et 482 1520C7HA] SAA B34l '
A& & & BN Fe-45%Si-4.5%Mg T=
of 43 E o83t Sandwitch®yo g /¢stH

Table. 1 Chemical compositions of specimens(wt.% )

2]& 3+ ¥ Resin process Y block F8o| F£Z3}9
o} Y94 H7IEA Mo, Nig- g82d] 23 H7t
stod B8 AL ey, Cus 941 e
At Frkstddct. ol3A 838 S0z AlE
A AL Y blockg AZ3tHLE ZF AlHe) HE
¥4 ZAE Table. 19 Vel m, AFA|HL
100L x 10¢(mm), FAAHE 10x10x55(mm)
o] 27|12 7}Fste] AMg-stsiTt.

Elements )

. C Si Mn P S Mg Mo Cu Ni Fe

Specimens
Unalloyed DCI 3.7 2.7 0.14 0.07 0.01 0.04 — — — bal.
Mo-Cu DCI 3.6 2.6 0.16 0.06 0.01 0.04 0.31 0.33 - bal.
Mo-Ni-Cu DCI 3.6 2.6 0.16 0.05 0.01 0.04 0.33 0.34 0.98 bal.
Mo-Ni DCI 3.7 2.7 0.16 0.05 0.01 0.04 0.32 - 1.01 bal.

2.2 gxz| 2.4 FRAELOIE £

Al He] ¢ ~EL}o]ES Fxjald= NaCl : BaCl,
=1:1, 22888 GXglol= NaNO;: KNO,=
1:19 48 A8l BE A|HEE 900°CoA 2
A A exEhfolER A2iF 300°C, 3507,
400°C oM Zzh 2A1ZE FAAA L2HH A 8t
gt

23 7 AN ME &Y

AFAIE LS AFAE7E o83t
Cross head speed 1mm/min, Chart speed 5cm/
ming 3tgen, ATAIEL Had AEAIE7E
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of. 3248 FA] AU AL 120dFH A
F71(SI-ID 3type)ol v FAl= 66.6kg o @A
oo FAFAHAN FASAHAAAY A=le 0.
6477molU R AL =144 2 3t

Instron
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Fig. 1 Microstructures of as cast DCls
(a) Unalloyed DCI (b) Mo-Cu DCI
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Table. 2 Mechanical properties of the as cast DCls.

£ 718 DCIZol AU &k Mo-Ni Cu DCI
o} Mo-Ni DCIE He) 2& we A=l et
Wi,

Mechanical Mechanical Properties
. - " - A, Temp.
Properties Tensile Elongation Hardness Impact )
Specimens Strength(MPa) (%) (BHN) Value(J)

Unalloyed DCI 487 8.7 167.2 147 765
Mo-Cu DCI 536 6.7 199.9 22 760
Mo-Ni-Cu DCI 579 5.8 203.9 22 758
Mo-Ni DCI 520 5.7 172.7 23 762

Fig. 2 Microstructures of pearlites in as cast DCls
{a) Unalloyed DCI  (b) Mo-Cu DCI
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(¢) Mo-Ni-Cu DCI

(d) Mo-Ni DCI
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Fig. 3 Microstructural changes with austempering temperature in Mo-Cu ADI

{a) 300°C (b} 350°C (c) 400°C

Fig. 4 Microstructural changes with alloying elements in ADIS austempered at 350°C
{a) Unalloyed ADI (b) Mo-Cu ADI (c¢) Mo-Ni-Cu ADI (d) Mo-Ni ADI
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Fig. 5 Relationship between the amount of retained
austenite and austempering temperature of
various ADIs
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Fig. 6 Effects of austempering temperature on ten-
sile strength of various ADIs
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Fig. 7 Effects of austempering temperature on
vield strength of various ADIs
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Fig. 9 Effects of austempering temperature on elon-
gation of various ADIs
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Fig. 8 Effects of austempering temperature on
hardness of various ADIs

~M— UN ADI
--@-- Mo-Ni-Cu ADI
q150 -
g
a
100}
8
a
E
S50
300 350 400
Temperature (°C)

Fig. 10 Effects of austempering temperature on im-
pact value of various ADIs
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Fig. 11 7 pool in ADIs austempered at 400°C
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(c) Mo-Ni-Cu ADI

PR REIE 114, 2% 1998/129

Heh ot o] €8 94t F¥H J4UE ¢330
2 o|FHFEIN ALDA wotelE e X
A718 A 22A] Holuo]Ee] Wel W& A AA|A
Y ARL2EHUIE FE FTMIIA FEZ AR
HAYEFHE F2AA F= Fapt €9o o EAe
Aol MEF2] FA g AFENE ZAAA F=
L 3 "ot o= H7HE Nie] 7z g 2
BA7)7] dEolztn BZse 58] 7]A 2yl 2
FoAHUo|EE 18733}4]717] djEolztn AZE
th. 53] Nig 2 2Hujo|E <3} f4olEg 25
o] ‘gwol wat LxHuolEA Fo2 8, @ AH|
Yol EE FAY3AA dolho|EdtE Fo= Q2|
yolEo] 1&-5o] 18733 e doA dAgde
A 7ldgvn BAEAE Bt wEy
HY EX2E ¢ o S WHEHL o d
A7} AEAFE 71Xz E ANES JAIRA
A e AAHAY anE FUlEROT 3]y o
A3 G T diE WiRAdE dAAFD
BN Azteg FVHIA, o= A FAL AF
(50~70mm) I ME FLY HolHolE A& g

+ U=S s Uok,

(d) Mo-Ni ADI



130/ADIe} 714" 4Ae] vlXe §Fd4 % €M ¥

44 B

B AgoA ¥ AAT 47 24 dis 300°C,
350°C 9 400°CoA #Z L ARIHAE AAEHA
AR 4Ae RES 2y Ao 2ol Y4d&e
300°C ¢t ¢34 23o] AAEE 400Ce] FURE
9l 350°Cold eaEmE Iy Alde IFIE
AT, 43 9 BRI} /P vt AE 23
12}, FEFe A7t B dErn 714y
o] $-FatAAgH L AHLo]EA Hojjo]E T
A F4& %Z& o] 4A3] TA|FofoF 2
A4 A Aoz & o AEF FA wetA
Z3 o] EFUAo] AT 4 Ut} webd Mo-Cu
DCIE 900°ColM 2A17HERt f2]3te 2 2Hvtol
E3E HARE 350°C FE2oAN 28 FH
glgto g2 713 HA x4 e

iy

&3

JR ru>‘

m,u_-

1nEH

1. JF. Janowak and R.B. Grundlach : AFS
Trans., 54 (1983) 377

2. R.C Voigt : Cast Metals, 2 (1985) 1

3. MY L AFARES WE # 13 FAERRF
He] Az7|ee] Mg, 93 - AFEIA,

HEEE, (1994)

4. D.J. Moore, TN. Rouns and K.B.
Rundman : ASM, 4 (1985) 7

5. A {5, ZEERL, RS © 88, 59 (1987)
211

6. K.B. undman and R.C. Klug : AFS Trans,,
74 (1982) 499

7. TN. Rouns, K.B. Rundman and D.M.
Moore : AFS TRans., 76 (1984) 815

8. G.W. Form and J.F. Wallace : Mordern Cast-
ing, (1963) 54

9. F. Mountford : “The Influence of Ni on the
Strength, Soundness and Structure of Gray
Cast Iron,” The British Foundryman, (1966)
141 —-151

10. G.W. Form and J.F. Wallace : “Nickel in
Gray Iron” Mordern Casting, (1963) 54 —58

11. Y. Ueda, n. Wada :Iron and Steel, 59
(1973) 454

12. &I /8§88, 56 (1975) 362

13. F{-HHBHE 41 . $8p, 59 (1987) 104

14. J. Dodd : Mordern Casting, 68 (1978) 60

15, E)I| j& 648 DCIHEEE tRu®E, 5
A (1981)



