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Direct observation of the formation of graphite and structure in the cast iron

SUGIYAMA Akira®, IRISAWA Tsuyoshi*, YASUDA Hideyuki*

Abstract

Solidification of gray cast iron was observed in situ using time-resolved X-ray imaging
to clarify the sequence of its structure formation. The specimens were organized by
carbon equivalent (CE), and hypoeutectic (CE = 3.3, 4.1), eutectic (CE = 4.2), and
hypereutectic (CE = 4.4) alloys were prepared. In the hypoeutectic alloys, y-dendrite
formed initially as the primary phase, and then granular graphite appeared independently
from the g-dendrite. This y-dendrite and granular graphite were considered a type of
divorced eutectic. Afterward, a coupled growth eutectic grew around the g-dendrite.
In the eutectic alloy, g-dendrite, granular graphite, and coupled growth eutectic formed
simultaneously; however, the y-dendrite and granular graphite also grew individually. In
the hypereutectic alloy, a huge graphite grain formed as the primary phase; y-dendrite
preceded granular graphite and coupled growth eutectic as the secondary phase. The
granular graphite appeared immediately after the y-dendrite growth, was growing
independently from the previous two phases. Finally, the coupled growth eutectic formed
immediately around the g-dendrite. Regardless of CE, all cast iron specimens showed a
common solidifying process; i.e., the divorced eutectic of y -dendrite and granular graphite
appeared before the formation of coupled growth eutectic.
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Table 1 Composition of specimen.

c Si Mn P s Cr Cu CE.
Hypo | 585 143 052 0016 0076 0023 010 3.3
eutectic1
Hypo | 5 5g 1.6 041 0013 001 0025 0.1 4.1
eutectic2
Eutectic 3.52 2.04 - - - - - 4.2
Hyper | 555 252 006 0016 00053 0015  0.01 4.4
eutectic

/ BN frame

Al,O, plate |

ISR |

AlL,O, spacer
Sample
(10x10x0.1)

Fig.1 Schematic image of the sample cell.
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MEBIZREIRILL, 7Y FI 4 POBREIMER L. 20k, HEDICHWERO YK
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Fig.2 Solidification sequence of hypoeutectic alloy (CE=3.3).
(a) ~ (d) Sequence of solidification.
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Fig.3 Solidification sequence of hypoeutectic alloy (CE=4.1).
(a) ~ (d) Sequence of solidification.



Lo, 220 [HE] OMBIBREIZCE=33DGA LR > Twiz, £7, At —AT
TA Ty RIAMDRBL, 2072 FI A4 b EEEMRECIRET, SEELfoRIKk s 7
T7A NP L 720 BB ORIRS T 7 74 ME, CE=33DE6 L L THEIKRE
Bsbledotze 2612, KWIRZ T 7 74 MET CITHRICKE L7z ®ZI2, BFkE L
LAY, FIRICZAL L 72hEIR 7 5 7 7 4 b aRFLE LT, m%&bfﬁoto

A (CE=42) ORFHIDOWT, 5K/minTHEIL 7235 @sﬂelle‘i%Flgél (a)-(d)
WORT e 9, AEDOF—ZATF A MT Y NI A MDEAT L TR L7z (ZIZRERISRR 7 F
774 MSEHLTEY, —EFELT2FPRON, CThbidnwdng, pEkiEe LT
DA—ATFAMETTT7AMEEZONDL, —F, TV T4 FOBRRIZEHET S L) 12
A L 72 30 ATIL 25 ), B eR % B o CTRREASE T L7z ki, ok o
LR T A IR, AT FA M T RTA MEET, BHET L L) ICHEM L7,
T PSRRI, CoO—MHrBELCBY, BERSErEEHkE 2o THNELEEZ S
Nbo

HI AR (CE=44) OFFHIDWT, 10K/min THEI L 72354 OBt E LB % Figh (a) - (d)

(a)

200pm

Fig.4 Solidification sequence of eutectic alloy (CE=4.2).
(a) ~ (d) Sequence of solidification.
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Fig.5 Solidification sequence of hypereutectic alloy (CE=4.4).
(a) ~ (d) Sequence of solidification.
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Hypoeutectic or Hypereutectic

Eutectic

Fig.6 Schematic diagram of solidification sequence of gray cast iron.
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Fig.7 Effect of the carbon equivalent and the cooling rate
for the temperature of formation of each phase.
Cooling rate is (a) 20K/min, (b) 50K/min, (c) 100K/min.
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Fig.8 Optical images of gray cast iron after direct observation.
(a) Hypoeutectic alloy (CE=3.3).
(b) Hypoeutectic alloy (CE=4.1).
(c) Eutectic alloy (CE=4.2).
(d) Hypereutectic alloy (CE=4.4).
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