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Effect of Sulfur on the Formation of Blowholes during
Solidification of an Fe-C Alloy
Eiichi KaTO and Atsushi HIRANO
Synopsis :

Experiments on the formation of N, blowholes and CO blowholes in unidirectionally solidified Fe-C
alloy with various sulfur concentrations are made, and the experimental results are discussed on the basis

of the interdendritic segregation model.

Sulfur enhnaces the formation of bubbles and retards the detachment of bubbles from solid-liquid in—
terface. Consequently, sulfur enhances the formation of blowholes. This characteristic of sulfur is shown

remarkably in the formation of N, blowholes.

This effect of sulfur is attributed to that sulfur is surface

active; the surface tension of iron is reduced by sulfur and the formation of bubbles in interdendritic liquid
becomes easy, and the rate of the gas evolution from iron is decreased by the adsorption of sulfur on the

surface of iron.

In addition, the effect of stirring of liquid phase by high frequency induction on the formation of blow—
holes is studied. Stirring of liquid phase depresses the formation of blowholes especially that of N, blow—
holes. This effect of stirring is attributed to the lag of enrichment of the solute in interdendritic liquid.
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Table 1. Chemical composition of Fe-C alloy 08
(Wt%). i //,
c Si Mn P S Ni Cr o 07 | n ﬂ//v’ n "
0.25 0.009 0.03¢ 0.004 0.0055 <0.01 <0.0! 0.0015 s
R )
~o06 } (.- U
Table 2. Experimental conditions. % D\x\\ [ﬂ
~— I~
States of 0:2‘0'5 i D D \">*\m [E]
Series Deoxidation melts Py, (atm) S(wt%) “\‘\ S —
A killed b uiescent 0.4-0.72  0.0055-0.15
Fe-Al-S1 uiescen 04 D
B killed by stirred 0.6-0.78  0.0055-0.15
Fe-Al-Si Q3 \ ] R 1 .
Q005 Q01 002 005 01 02
C not killed quiescent 0.3-0.5 0.0055-0.17 [°/05]b
Series States of melts P (atm) S(wio%) P"lg. 1. Sch.ematlc drawings of longitudinal sec-
- tions of specimens related to sulfur content and the
D quiescent 0.148-0.873  0.0040-0.1319 partial pressure of N, in the atmosphere (A series).
E Stirred 0.148-0.873 0.0045 Solid circle (@) indicates that bubbles were de-
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tached from solid/liquid interface. Experimen-
tally determined critical conditions for N, blowhole
formation and N, bubble detachment are shown
by dotted lines. The calculted conditions are
shown by chain lines.
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Fig. 2. Schematic drawings of longitudinal sec-
tions of specimens related to sulfur content and
the partial pressure of N, in the atmosphere (B
series: stirred melt, C series: not killed).
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Fig. 3. Schematic drawings of longitudinal sec-
tions of specimens related to sulfur content and the
partial pressure of CO in the atmosphere (D series) .
Solid circle (@) indicates that bubbles were de-
tached from Solid/liquid interface. Experimentally
determined critical conditions for CO blowhole
formation and CO bubble detachment are shown
by dotted lines. The calculated conditions are
shown by chain lines.
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Fig. 4. Comparison of E series (stirred melt) and
D series (quiescent melt). Sulfur content is

0.0045%.
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(a) Bubble was detached from solid/liquid interface.
(b) Blowhole was formed.
(¢ ) Microporosity was formed.

Fig. 5. Schematic drawings of bubble growth.

Photo. Microporosity in specimen. ( x 250)
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Fig. 6. Internal gas pressure, Py of bubble of
which diameter is 50 ¢ and equilibrium partial
pressure of nitrogen, Py, ; corresponding to its
concentration in the enriched liquid at any stage
of solidification.
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Fig. 7. Qalculated curves of volume flux of N,
against sulfur content.
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Fig. 9. Comparison of Pgp,; in quiescent melt
and stirred melt.
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CRiT% Poo,; DOMBERLULN, EEHARCIWT
Peo,i DELDRKREL, <7 e FIREOHEREHEA
T, BRI BBEOBIRIVNEG., ZDedic,
CO <7 aRHEOFBAEH LT, BB X5 % 23 B
Rz K2 T3 EE2 bhb. L, Fig. 4 1oR
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IRTWB X5, BRBECHRELI~7 e gL, %
LR HENTE D D7, ERL/PS V. hizigec
IABBHRC I F VT4 M EOBER B OFEE
HEEMETL, BAYAEE Jeo BB Ll LE
zZbhb.

5. #&%

—JiMREEBREEY A, [%C1=0.25 ©» Fe-C
BRI DWT, Ny Bo iz COr kB RILERICRE
TS OB OWTERRY 727, ok BEEEILS
EL7. TR, komBEIPE LRI

L. ARho SREL—EOBHE, FESH D N b
Wik CO FADHENMECEICIZ = 7 r G R4
Lis\wd, ThbofERERTRE, Bho<wz7eg
ABRBEL, IOLRGEREFAT S &, K[ BEE
L, [ILBBRE L Is5.

2. AHFOSBENE /LB E, =7 e FHNER
L3, FRERLEKEIBE LT b, £
R, S~7eKilodlxRETS. CoBRITE
< N KA B .

3. FUYYFSAIEOKRTIEIN,G O 7 By
NTI7eKELRETLIH, Thii=se KRS
7ok, BEHERSL—EMEI D /DS EEE R
TRETHLENRDSD. SEENE L, XEENNE
TL, EHRDOXHEVEERT, I 7eKRBWREETS
EEZLRA.

4. RABFOSBENEL LS L, BEIOKEAD
HABRHEEENMET L, JWOBREKRFEL KB IDI,
SEIBELT, Kb s stELbhS,

5. RPOBBERETS> 2L IEOT, SHER, &
i Ny KALAERSIFEIZhic. ZhXEREhC X 5%
HRHRICELOT, FvFI4 rHoRHEPFOBREORL

il

mm,min

P Eh 0D THDH EBbR 5.

Fbhic, RBOESCHEE I T -3 B ARk
(BR) S BEMRPTC B LB L B 9. ZcE8k
I feiivie, FE)INER, SHEA, BBEXDOHE
KREBRHELET. B AHREOHREEO—WLEREH
KEIEEFEHBEC Lo b0THH T E MR LE
ER
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