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Heat-Resistant Austenitic Ductile Iron—Microstructure and Shrinkage Properties
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F—ZXT7F 41 b Fthek FCDA-NiSiCr35 5 2 I BEIEDHIR REBMBRDOMEMFIE L TESERLTE
PRAFHhTWS, ULAL, XMBEHIESSEMEVWDLIhTEY, IS, REMICKETLEEEZRIF
TEERERSTHIEBES P ICE>TWEY, 22T, XHARTIE FCDA-NISICr35 5 2 DEEf
BICRIFT C, Ni, SIOFEZHREL, SlIMIRIBIFELIHEMERTCEEI 43 ELDH
LWCEMBRXZEH LA, 3561, IV7O0MBHLUVTTHICRIETESREBRBOHZEIIOVTDH
BRETL 7=

Austenitic ductile iron, FCDA-NiSiCr35-5-2 (D5S), is a heat-resistant material that is
used in automobile exhaust parts, and demand for it in the market is expected to increase.
When it comes to producing the material, however, knowledge of solidification morphology
and shrinkage properties is limited and not well defined. This study discusses the effect of
C, Si and Ni on the D58 solidification curve and a new carbon equivalent (CE) formula to
predict the eutectic point. A more production-friendly formula, which achieved a CE value
of 4.3 at the eutectic point, was introduced. The effects of stream inoculants on

microstructure and shrinkage characteristics were also evaluated.
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Table 1 Chemical composition range of heat-resistant austenitic
ductile iron in JIS G 5510

(mass%)
FCDA-NiCr20-2 C Si Mn
(b2) -3.0 1.5-3.0 0.5-1.5
Ni Cr
18.0-22.0 1.0-3.5
FCDA-NiSiCr35-5-2 C Si Mn
(05S) -2.0 4.0-6.0 0.5-1.5
Ni Cr
34.0-36.0 1.5-2.5
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Fig. 1 Example of D5S microstructure (a) x100 (b) x400
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Table 2 Chemical composition of samples for solidification curve

(mass%)
Examined element Other element
C 1.1-3.0 Mn 0.45-0.55
Si 2859 S 0.006-0.018
Ni 18.9-36.0 Cr 1.45-1.75

The number of samples: 20

1,400

Primary crystal
1.300
Eutectic crystal with graphite
1,200

Temperature (C)

1,100

1,000

0 60 120 180 240 300 360 420 480

Time (sec)

2 EE#ERD—BF
Fig.2 Example of solidification curve
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Table 3 Chemical composition range of samples for shrinkage
properties test

(mass%)
Examined element Other element
C 1.1-34 Mn 0.45-0.55
Si 4.0-6.0 S 0.006-0.018
Cr 1.45-1.75
Ni 34.8-36.0
The number of samples: 8
75
150 40 \ 208
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o
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Cope] o SHING p =~
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(Unit: mm)

3 BlEEBRR ORIK
Fig.3 Test piece shape and dimension for evaluation of shrinkage
properties
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4 BEEFLS2SLAEMO I 708
(a) &8 (2518 (b) $HEIREFE (100 15) (o) HHFIAER (100 £3)
Fig.4 Microstructure of sample quenching from semi-solidification
(a) entire sample (x25) (b) near the mold (x100) (c) inside the
sample (x100)
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New formula: CE=C + Si/ 4 + Ni / 31
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Fig.5 Relationship between new CE and primary crystal and eutectic
temperature at 34.5 mass% Ni
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New formula: CE=C + Si/ 4 + Ni / 31
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Fig.6 Relationship between new CE and primary crystal and eutectic
temperature at 18.5 mass% Ni
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Conventional formula: CE = C + Si / 3 + 0.047 Ni - 0.0055 Ni X Si
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Fig.7 Relationship between conventional CE and primary crystal and
eutectic temperature at 34.5 mass% Ni
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Conventional formula: CE = C + Si / 3 + 0.047 Ni - 0.0055 Ni X Si
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Fig.8 Relationship between conventional CE and primary crystal and
eutectic temperature at 18.5 mass% Ni
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New formula: CE=C + Si/ 4 + Ni / 31
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Fig.9 Relationship between D5S shrinkage area and new CE
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Fig. 10 Graphite flotation defect at CE = 4.5 on surface of the cope
(x100)
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Fig. 11 Example of microstructure without stream inoculation
(a) x100 (b) x400
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Table 4 Result of energy dispersive X-ray analysis on carbide
(mass%)

Fe Cr Mn

82.2 16.6 1.2

With inoculation
- - - - Without inoculation

Eutectic temp.

1,400

1,300

1,200

Temperature (C)

1,100

1,000

0 60 120 180 240 300 360 420 480

Time (sec)

12 CE4.3 TS iEiEs & T DS E /IR
Fig. 12 Solidification curve with inoculation and without inoculation at
CE=43
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1) American Foundrymen's Society: Ductile Iron
Handbook, (1993), p.52.

2) S.IKarsey: Ductile Iron production practices, American
Foundrymen's Society, (1994), p.98.

3) S.I.Karsey: AFS Trans 69, (1961), p.725.
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