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The Mechanism of Formation of CO Blowholes during

Solidification of Iron

Synopsis:

Hiroyuki NOMURA and Kazumi Mor1

In order to clarify the mechanism of blowhole formation, an experimental study has been made of uni-
directional solidification of iron for carbon contents of the melt of 0.01 to 0.40% at a solidification rate of
about 5 mm/min. Critical composition for blowhole formation has been determined. Above 0.15%
carbon the critical oxygen concentration is almost constant (0.0025%,), while it increases with decreasing
carbon content below 0.15%. A macroblowhole originates from a small blowhole formed in the inter—
dendritic area. A model based on the equilibrium solidification suggests that the small blowhole is formed
without supersaturation of carbon and oxygen in the interdendritic liquid. The growth of blowholes which
proceeds at oxygen contents below the critical concentration is accounted for by the model of steady growth

of cyclindrical blowholes.
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Fig. 1. Change of solute concentrations during
uni-directional solidification. Argon at-
mosphere. Solidification rate 4.0~5.0
mm/ min.
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Fig. 2. Change of solute concentrations during
uni-directional solidification. (fcoy+
pco) /par=250.8/1630,  pco,/pco=0.8/
250. Solidification rate 5.0~5.5mm/
min.
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Fig. 3. Change of solute concentrations during
uni-directional solidification. Argon at-
mosphere, solidification rate 4.3~.5.8
mm/ min.
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Fig. 4. Dependence of blowhole formation on the
composition of melts.

DD X 575 EH%Z 0.01~0.40% o CiREREI
WCEFV, EEH O CO SFLOEM L MG, ORED
R A sk 7. FOEE% Fig. 4 wWiRd. T THH
DF — ZVE T CREEES —EIOE, EeE A2~
40 mmOFFE» S E Db DT, EHRITLORFIEZET
CELDTELTDS. hBNPOERICOVWTIEDH L
TS, EELTC, ORENDHEEL EEHILD
LEERiT e 7 e fILAVERT A 2 Edbr s, Ll
AL E BRES ETICr SR> THFETHE LS
Wd 0, FOlw s o RQILOL KBGO ALK Z B
ST IIPD B T EMSNTETY, KHEHTHET 5.

3.2 T OK[FAEMOBERER

< 7 B GILAAR LT WA A, B iR ik
FER LI WIIET LT b OnnL 2hhbivie. T
DBHIT Ar-CO-CO, FHK LD & Ar FHEKTORX
Eriz 350 C LIE LB, AR ESTILREI DWW
PIXNLHBERAETELOEFZ DN ZoBE< s m
SIS R LT, EREIBEESS Fig. 4 OFALEE BEHE
OEREE X 0SS 72 0T b RAFLDBESHER S
N5 EPHEEIN. Lo T w7 nGILo4 kb
JE O 723 DGR & FILK R DM BB IRE S
L RO TERS T ESLETHY, w7 nRilE
ROMERERK & LTix, Fig. 4 CHECREICKT HEL
Mo LIREER L B5RETHHEELD. TDXIITL
s Tl FURLAK & SERR TR L7e.

L EDEE oE OERTHE L. B 113, HREPER
R RIS Z 0 [ILEZ R TAER S HEBRT
B0, B2EEMEERC Y o [ILEERSETEE
FOREBERIRE R G2 RS S TREZIT S ERTD
5.
w1 OESHERE Fig. 5 kT No. 1, No. 2 1z

Solidification distance { mm)

Fig. 5. Relation between oxygen concentration and
the beginning or ceasing of blowhole for-

mation.
0.01 I ,
—— Critical composition for
0008 v r blowhole formation
----Lower limit of melt composition
= 0006 . for blowhole growth ( caled.)
o ar
=2 ‘ ~
2 oo B} -
. et y ?’
y » N
o002t sﬁ?‘ %o
\\ ______ ? -
0 0.1 0.2 03 04
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Photo. 1. Microstructure at transverse section of solidified specimens.
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Photo. 2. Longitudinal sections of solidified specimens showing the formation of
macroblowholes for various carbon and oxygen concentrations.
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L : Distance from the initial solid-liquid interface
Photo. 3. Photographs showing the distribution of micropores.
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Photo. 4. Longitudinal sections showing the beginning of blowhole formation.
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DEFBEDIT S PEBICH LTnwb E# x b,

2) 2 _

B 2 EXPEVIRTER RS TR L7/ NRILF > K4 b
BIRMAEN TIZE—Z ORI CTHEBCKET BB TH
5. BRDO XS, FHABOBET Y FI4 Follicize
RNZVWKILBEE LT vV 525, Zh bl wihd,
CO @ flux BAREL, 7o RFLEROER & DN
KILE LTORERRED R ENR DL EET LT
W5, ZDTENLE2ERO/NTILOERE 7 a i
FLAERICH T 2 2L IHEELFUETH 5 LEL DR
3.

T T2 BB o/ ILAERK I LT CO Bt s h
LHEIPHIZ OWTE 2 TH 5. CI I COBERTR D
HFERTT, £hrn0.10% X 10 0.0040% ThH 5.
4-1 TR~ 72X Sic, C=0.10% Tix f* 12§ 0.65
THY, TZTOWHIRE CL 1: CO Kk i LT
W5 LT 5% BARRINKRAS 6 ORI FTRE
¥ ONRMEIREE Cr BEEiRtE e Fovic > TEE L.
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B EEC R T 5 CO K AL o 4 pk R 1151

L, TORE/NKILOEMOWIROE (Fsd, &S0
DEREY 5 & i S 5 O flux o NRFLREICH

5% L% 3 WERERL B L 2rrd-0l-[0]he—

(I —ko) =mr2-0L- (pr/po) [ (22400X T/ Ty) H3RRLT H*.
T T rid/phGFLoEsE (0.011em), ko VIEEE O VA
SEEE (0.076)9, [O] X T ExrhThEfER
0.65 12317 5 MRFERE R IR 3 X OVRARIRTE pr 3 ¥1Er
DNKILNDET] (=1.3 atm™*), M, VIR DRF&,
OFe VISRDEE, po= latm, T,=273°K ThH5.
ERiz X v du2FEETHLE 12 OEPELNZ. T
b b/INRILOEBATES A 120 O 5 CO Ht
BaEnhE, NKILDBERERERE & NT v A LIS T
ET5 e nfEEIN. 120 DFERIEE OWNE
BEIOBEEEL X DIE DI NIVWbDTHDL. ZDT
LI 2 BRBE /NG FLOE Rk LT GO o flux i3+
SR L PREER L W BT WL L 2RI LT 5.
3) 3 ExXpE

O 2 BB TV /NRFLIR BRGNS & REN T v R L
RLXTRECKETS. ZOHE/NKILBER, KET
DURKEFENOMARIRE X &K E LTERL 2 D, BHET S
R B CORBRAT S X 5Tl s, ERimedL7z
5 1 2O/NKIDEET S &, BET 5 IRMEFETO
KALDAERB IR X, Wi/ NRFL~D CO JLfhE A1
KT5. Thbdb /PO [ILED L2V REL TR
D, SKFLDS Li2vaz (KEIEE O BRI £ T KT
5. [ILEPKE L RIIESKILAAT AT E L7 D,
I CORILAERD S LITRDIREENKELRS.
ZD XS B X D/PRILBRRIZIER LTI
BRERTHCETEHE TS X510, v 7 n[FLodak
BfFbhs D LEZ S5N5.
43 TOOJ[IERDERMER S NRFLOER

4.2 TRz X ST, <Y nKRILAERKT B it
B2 BRED/PNGINEECEET D EBLETHS.
ZDEHET > B4 MERIRGERICE T 5K ILORE
IR LT CO o flux 34T 7E L, RS ENE L
BWEEZLNT DT, T2 TI/NKILNT ZE & EdE
WD CE IR0 X5 HAFEETERETE L, kgt
w#f15.

FHREFEZ T CIRAHRY R LTHEHDTI Tl
fHEICIRN%. BHEETDOCH IO X B W AF4EE
IE pcotpbco, TRbEINSG. WENKFLOXEL 7 &

¥ LCTRARAPRET 2 LA AEOBREIZELT 3 & &A1
F 12T DBA/INGALATIE b & (KR R O BHE I~ DCO B4 2 i3 e
LTELRED.

RO 443 ITHE SN p, R THO.

UL, (2) MBI T D & ENRILBLEICIFLE Ls
© I n QFULERRDER RO b L # 2 5.

Pco+PcoZ=1+2U/""""""‘"""""“"""(2)
= fco® Ko tco
peoa fe[C1” 7% fc folCI[O]
e (3),(4)
_ [ClL
[C]= Tk e (5)
_ [Olr
[O]~——l—(l—ko)fs* e (6)
ZZT, Ky Ky: FHER
FE=1= (/D)2 e (7)

I 257 F54 MR 1/2
o =1790—-725 log (1+123[O])1) «e.veeeea (8)
Bl E BRI ER CHE SR A RO EE A,
¥ R TBHARAEIE pcotpco, BFEL, (2) =,
BREBRICHILT D00 E S p#E 2 5. 5EIZ, f* BE
bhvtnsd CG=0.10% L 0.15% @ 28D IC > TfT
Dfz. ZOFER, ST OWEELEHFEERE L, TR
S & LCIRDIERE SR,
C=0.10% : pco+pco,=0.68~1.46 atm
C=0.15% : pco+pco,=0.56~1.33 atm

= r ORI T HHRIE 1+20/r %, r

DO RE EZE B 2 B8 UCEE Lok 3
C=0.10% : 1 +25/r=1.26~1.29 atm
C=0.15% : 1+2¢/r=1.25~1.28 atm

»E SNz

LRROFHEHERI S TROGED (I+2¢/r) M
pco+tpco, DFTHEEDHPANITEEN 5 T &b »D
7o. Finhb, 185N ERSHLIES F V725 TR AR o>
5iRAE R OfE R O/NRFLA T LT (2) RSBy
TR ENTWEEEZ LI ENTER. DT LI,
< 7 v KFLAERICH L TiX 4+ 2 Tl 7228 2 B /NG
FUAERDPLERELETHHZEEZRLTED, FONIE
X CH X COD@EBFINL VIRRETER TS LE 2 5
CEMRTES. LRYULOFETHWREMEE f*11,
4.1 THRARZE2EBECoONTIAERCET L0 TH
5. B 1BEORILERIE DWW T LI LTk < SLERS
bBH, FEEEBOHEERNER/-DEENRFENSTE
T, ZhB EoBREfThLr Ok,

C<0.10% I C>0.15% OFERIT DWW, 8
ik U7z & 5 7@ & OBE T, LEDEFVIZLD
FHENITE V. SHEREEZERE LIci i€ 7
RS LRIEOMRIAZTT 5 LB D D.
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Fig. 6 t R L7 X 51z, C=0.1 fHEDFEBRTITv>
TCAZERK Liz= 7 v G302 0.0019; FAEEC T S
EHBE L. 20 L EBIRIIC 3\ TR IR D
A2 be—WEREILHECIIFFCEELEZEZ NS
7%, FERERIEE S D SRILIEIR DO AR ] D 7= AT 7 -

BHROCITOREMSB/N L CO bR 5
Ly MELTWE 7 aKFLoEIT LW/ E ks
P SIERTY FI4 MERBEOASSITRS & D
BRI ETE LD, BETSEHBLbN5.
< 7 a [ALDEEICE L Cik Burns 52 238k & 2 fFHT
{7 OoTED, i (D) kv Burns ORI
HEFoBERZMAN2ANT~ 7 o GILoRI Xicon
TEEEFOk.

AR B VTR EF—~OREH T 7 v &KL
EDIRFREIC O W TR R EfT 72, Fig. 7 iwkix %
Fr RZ4 MEkEEZ v, BEERE 5mm/ min DA
D=y SILERD ORE & CIREDBRE 715 L,
Fig.6 THB TR L. EBRTELNKILIHHOIRE
VEEE L ITIE— LTE Y, EREEXRSILVIERES
X DERICHATE 5 L b0tk

Fig. 6 12 X % &, FEBOKILAERIESMRK & SO
FLURE TR I & Dk X Eh o/ asmi, weElgksd
=& E o7l hvd, kw7 afiLeso
THEPPSLKRDERTHSH. THIRERENTIE WD
W % ‘balanced ingot’ ZHLETS7-0C, ODEREE
HPHIZHIST 5 &£ F 2 S, KNUPPEL BAME /5 B 4
KIFRD ZOREFHBICITEALEEENS. LB DT
Fig. 6 THELNIRERITERE DA > 2y MLEITEE S
LHMREE 25 EE 2 BN5D, 5% LICEREEED
i SRS LT DER D B.

5. #& B

$oo—F mEEEC X b EeER O CO SFL4 ki B4 %
e %, ERELEELR Smm/min, CiRE 0.01~0.40%
OEFE TV, S>EDEREE..

(1) =7 oSKFLAEROBmBM L2 IE Lz, &
Nick 5 LiERMmERE X C>0.15% Tiiiy 0.0025%
— g Th b, C<0.15% Tk CIEEDRD & & izl
L7z,

(2) =7 vKFLOREHERITIT LT /INGFLYS =L 3%
FrRIA MIICHERLTE D, FO/NKILOERE
BIXSEe T s, L WE2 BT/ D
LEROREZWCKET S T L2~ 7 n KILOAE Ikt
THULERHTHD.

(3) =7 n&FLoEfstz FagE € 7 ve v
THRGT Lo 38, NRFLAE R iRfEgR P cC, Oty
ok wWikEETfTbh .

(4) <7 oSILEKEDOTRDC, OJREIBurns 5
DEIFUREE TV X BETEBEL FE—F L. Thic
X0 =7 v QILOAFKBIADO#ERE L [ILREOHES %
DI B L ERRINTI.

BRI ORI THERO L HY I E
KRERFEREBER (B B ARREEER)), WbRIks:
K R ZZRER) B X O0SIEE o/ Ml EE
IR T 5. EMgkoBaE 252 TTFE 27k
[RIRFAA SN (KR) Fh B RT3 % .
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