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Effect of Annéaling Atmosphere on Graphitization in Cast Iron.

Kyuya NAGASAKI and Noboru KOMURO |

) Synopsis: , :

\’x ‘ From the viewpoint of protective atmosphere for heat treatment, the effects of annealing
atmospheres on the primary and secondary. graphitization in making black Heart malleable
cast iron were studied. Namely, the relations between the graphitizing process of cementite
in ledeburite or peérlite structures and the annealing atmospheres were investigated by ob-
serving the" graphitizing behaviour of several single atmospheres such as Ar, Np, He CO, COz",
H;0 and CH,, as well as some practical furnace atmospheres which contain hydrogen as a
component such as the mixed gas of No-H, system, the charcoal gas generated by blowing
;‘5  wet air and the exothermic gas produced through par’ciél\ burning of propane. Results obtained
v are as follows.

When heated 'in the elemental gas which contains hydrogen such as Hs, H:O or CHy, atomic
hydrogen penetrated quickly- into the cast iron. In these atmospheres, the number of gra-
‘phite particles formed was decreased and simultaneously the diffusion of carbon in austenite
or ferrite matrix was lowered because the meta-stable cementite in Fe-C system was stabi-
lized remarkably with dissolved hydrogen.  In consequence, primary graphitizing was retarded
and secondary graphitizing almost stopped. In the other annealing atmospheres the penetration
into the cast iron was so slugglsh that the difference from that in the argon atmosphere was
not recognized. : '

In every annealing atmosphere except hydrogen, the “bull’s eyes’’ structure was formed by
the furnace being cooled after prirhary graphitization was completed. However, it was found
that free ferrite phase was not precipitated in the hydrogen atmosphere. It was observed
that the degree of super éoolingl and the dilatic value at A; transformation became lower
than in the other atmospheres. ‘ '

When heated in various practical furnace atmospheres, both primary and secondary graphi—’
tization were disturbed rapidly with rising hydrogen and water vapor contents. The par-
ticular preventive tendency of dissolved hydrogen was very remarkable at the secondary

graphltlzmg stage. _ _ (Received 17 June 1964)
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Fig. 1. Annealing cycle of graphitization for
‘'primary and secondary stage.
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Graph1t1z1ng sequence of primary. stage
in some annealing atmospheres at 950°C.
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Photo. 2. 'Microstructure of cast iron cooled by
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gen after preliﬁ‘xinafilyannealed at 950°C

- .X8hr in argon (picral). '
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Fig. 4. Dilatic curve of A; transformation

point in some atmospheres preliminarily
annealed for 8hr at 950°C in argon.
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Fig. 5. Effects of various annealing atmospheres
' on the graphitizing rate of secondary
stage at 715°C.
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Table 3. Effects of various annealing atmospheres on the graphitizing degree and welght
change caused by chemlcal reactivity of the atmospheres.

: ] N 5 o
Annealing Primary stage 950°C X 3hr Secondary stage 715°CXx4hr
atmospheres . Hardness Wt. . Hardness Wt.

; Sp. gra‘wty Rs (mg/cm?) Sp. gravity Rz (g /cm2)
Argon 7°45 93°1 —0°'16 7°35 . 78°9 —0°12
Nitrogen 7°44 94°+7 —0°13 7435 78°5 —0°10

. Hydrogen 758 98311 —0°72 741 859 —0°02

Carbon monoxide 7°43 930 - 4031 736 77°5 —2°3 S

Carbon dioxide . 7744 - 928 —530 7°34 784 +2°0 O

Water vapor T . 7+45 93°5 —50 O 7°38 81°0 +1°9 O

Methane . 7°56 95°8 +27 S 7°37 - 80°0 “+0°3

T 4.% in argon, t1 Core, O: :Oxidizing, S: Sooting
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