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Effect of Oxides on Nucleation Behaviour in Supercooled Iron

Tetsuro OHASHI, Takeshi HiRoMOTO, Hiromu Fuji,

Yoshio NURI, and Koichi ASANO

Synopsis:

As a part of the study on the effect of oxides on heterogenuous nucleation during iron solidification, the

effects of AL,O,, SiQ,, and rare earth oxides were examined, by measuring the critical supercooling of 300 g
electrolytic iron under special slag in a Tammann furnace. The following results have been obtained.
1) The critical supercooling for heterogenuous nucleation is remarkably lowered than that of homo-
genuous nucleation. This value is 3°C by the addition of R.E.M, and this is extremely small when com-
pared with 14°C by AL,O,, 30°C by SiO,, and 53°C by MnO.
2) The heterogenuous nucleating potency of oxide catalyzers is dependent upon the difference of inter-

facial energy between the oxide substrate and 6-Fe.
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This interfacial energy can be theoretically explained

FEHIMC T2 W TV DOEE ALO,, SiO, 7t & DEE{L
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A ARBEk (k) AR kAT (Hirohata Works, Nippon Steel Corp., Fujimachi Hirohata-ku Himeji 671-11)
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HEBEBESEUSER INADDLRFE L, Table 3
R X S o Al Si, REM 2ifsnL, £hih
DOE L % 1 T TR Lo, REERALKEE % T
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Fig. 1. A cross-sectionl view of the Tammann
furnace for supercooling experiments.

Table 1. Slag composition used for supercooling
experiments (wt%).

Si0, B,O; | ALO; | Na,0* | BaO CaO

76.0 8.5 4.3 6.7 4.0 0.5
+ =+ + + + +
3.0 1.0 0.5 0.8 0.3 0.5

* Added as NazCOgy

3.8 3 #
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Fig. 2. Time-Temperature curve of various
supercooling experiments.

Table 2. Analysis of electrolytic iron. (wtg)

C Si Mn P S Al Cu

Cr Ti Mo Vv Co O N

0.004, | 0.001 | 0.001 | 0.002¢ | 0.0036,|0.001,| 0.001

0.006, | 0.004¢ | 0.001 | 0.002 | 0.007 | 0.0474| 0.0021

Table 3. Chemical composition of mischmetal, metallic Si, and metallic Al. (wt%;)

— 5 )
A dm« ementir REM| Ce |La+Sm| Nd Pr Fe Mg Al Si
Mischmetal 96.8 40.5 50.3 .7 4.4 2.69 0.42 | 0.02> —

Al _ — _ — — — — | 99.99 —

S — — - _ . _ — — 99.99
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7 Fig. 4. Effect of freezing number on the degree
of supercooling.
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Fig. 5. Effect of freezing cycle number on the
supercooling and Si, Al, and REM

addition.
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Fig. 6. Distribution of supercooling with various
nucleants.
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BTws. FEBRBERIINLORE

VY 30~50°C / min C&H D 7.

T, BROWEMEKRORRBGED I E T X%
&, /NEEEE FwvC TurnBuLL 5% 11 295°C, OvsIENKO
512 33 345°C & WME L TR D, E/R T FETHE Bar-
DENHEUER 513) }X 280°C, PATTERsON 514 |1 293°C %
Rictk~5% &, 42
FRABEIINAZ VY, REER IOV ROFMEE
#C, 140°CHRDEE 25 DI IR i CHRLRE IR EE
PER S i h D LT Uiz

3.3 FTHEASE
< DR LEH
h7-1%, Al, Si,

X 140°C mitko BWHEBSEN 155
REM %2 £4 0.05~0.1% i=hn L,
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Re e Dt Z (L& HITE L7z
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Relcmve Relative
Elementt intensity(% Ele""e"JmTensrry (9%)

Relative

" La 4.7 Fe 13.2
Ce 17.8 Si |.6
Pr 3.9 B 8.1

Nd 3.8

Compound
Element intensity (%) | (Oxide) (%)
Al 40.8 99.3
Fe 0.6 1.0

Relative Relanve
Element in'rensif¥ Ele m| infensity (%)
Fe 2.2 Al 9.8
Mn 1.5 8 40.0
Si i.8 | 0O ir.
Photo. 1

Relative Compound .
Elementt  ensity (%) | (Oxide) (%) ||| Element Relative
- intensity (%)
Si 38.4 98.4
0-8 Fe ‘ ¥ ?3:8
(X 400)

Sample Current 0.02uA. Accelerating
voltage 20kV.

. Optical micrograph and results of quantitative analysis by the

EPMA of nonmetallic inclusions observed in metal.
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Ao v, Fig. 6 t&EBLoERFIc X 1B
LR BB EOER G AT Lichd, Si0,;, ALOs,
(REM) O3 DIETERFEHEL NELLDOTWw5BH 2 &
MHhohrb. Tihbbh, ZONEF CREERHERIESKE
WZEEERTDILDTHDS.

¥k, T itESRz ALO;, SiO, OB EOE
B TIR L EmaE80g OIFEORERY IS,
RKRELED T W B P, EHEXDFEHBENLHEEIN
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4. A2 LDOMR

GEETRD 2 2 v OFE S S Mo lxiE g iR o e
L,HETé&me%%%%ﬁﬁ%,MWM»Xﬁ@
P&k vEE L.

Y, EFBEMSEIC R MRV RIS R
KIS BE L% EPMA 475 R & d4>8C Photo. 1 i©
T ZhSRDTFTOXSSHENS.

a%&4 7 :REM (La, Ce, Pr, Nd) s53 & LUHH
SH, REM-Oxide i Ffk w5 d 0. £ORRITIFE
A EDRIRTAREWRTH 5.

b %4 7 : Al-O-Fe it Eh, D 3 EL 51
AlLO; X Wit h, REFRDO DML .

c &4 7 :Si-O-Fe-Al ZD 3 DT, SiO, MBEHS &
AL 0. FORIEIKTRHAETE .

d &4 7 : Fe-O RTXOREEIRE 3R TH
5.

e # 4 7 : B-Al-Fe-Si-Mn I h, wWbHhW 3
Boron-Constituent +# x 55 (DT, FEBRKDOD
D%

T DSEIC Lz 2TBSE R REM, Al Sifhnf
T X B HIRBEE R 25 & Table 4 IR+ L Hc i 5.

REM #ihn L7 4 Dk REM-Oxide 23#8 %, 20
56%% B X DD, T Al ML doldse
PRD 65%H Al,O3 TH D, SiZFMLI DO £HD
63%h1 Si0, 1L DT W 5. F D3 H Boron-constituent
AREMFIC XL 0 BEILTWwW52s, Zhixgzx s Zdo
B,Os # REMic X hiEcahmdh D EF 2 bhb.

DER, A ZVPICHET DBILOEREEOTER
THDHH, THREXEETICX Dk Tio7e.

Y, 0gREOHBEZREL, thE /T Y —
% +FeSO,(NH,),S0,-6H,SO, i C ¥ RELISHE
R K 0B BERE XBEF L. ZhooFRDS
%, REM Fhnatstofis Table 517k L. REM iR
hnitkhic i3 La,0y, CeO, BREEINT W5, Lo L,
Al £ Si 28 U7z SR NI 5247 AlLOy # Si0, A%
% ST, ALO,;-Si0, y-Ca0-$iQ, CaO-MgO-
2810, HEHF X hic. ZHIIBEMBSEIRITIZE A ER
LRNIEVDT, 2 XVERECNE LIZAT ZO—ERBH
) TBHCIRA Lcicd EE X bRD. E AT
DIMHIRE ST TR e ALOs, SiO; ZigH 3 5 @
i, BT RERETHS D LEESI NS, LD
T, TTTHRIAMSEERRY b L, 2 2 0duciig

Table 4. Cleanliness in various metals.

Kind of added | Supercooling , Type of inclusions, deyxwo (%)
substance AT (°C) | (REM-Oxide) b (ALO,) ¢ (Si0y) d (FeO) e(B-Con.)
REM 3 0.0583 0 0 0 0.0458
Al 15 0 0.0458 0.0250 0 0
Si 30 0 0.0125 0.0583 0.0042 0.0167

Table 5. Results of X-ray diffraction of inclusions extracted from metal added misch metal.

Sample 810, (a-quartz) r-Ca08i0, CeO, La,04
1 I/ d d /5L d /1 d 1/ d /1
13 20 4.2671 4.26 35
64 100 3.3470 3.343 100
10 15 3.1126 3.124 100
9 14 2.9994 2.980 100
7 11 2.4514 2.458 12 .
32 50 2.2659 2.26 100 ' ' 2.278 58
13 20 1.9601 1.96 50 1.968 63
7 11 1.3872 1.39 45
5 8 1.1798 1.19 25
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Bk D B OFE SR RREERIY, R D OWEA R €
Fuwe vy, M. VoLMER, 4. WEBERY, D. TUuRNBULL £3)
KX DERSATETEY, HARRM, BEAAEbol
HAARME I(hom.) XX THX 6N 5.

kT [ AGA:]
I(hom.)=N,- . —_2¥Aa |,
(hom.)= N, P exp T

exp [_ 16705, Ty } ........................ (1)
3k-AT2 He T

T T, No: BEEAAEFPOKETE, ~ : Fv
v EE, b FI o oEE, T OBWERE, 4G4
S OEMILT 2 v & —, AT : BEHE, Hs: EE
WEL, osp BRAW = A0 ¥ —, To: EHnRENRE
st UC R A Ihet )V, SEIE 7R A
WE RIS v TIROFBEEPERT S L {E LT,
KRTE5zZLNS.

kT 4G 4
1 (het) = Ns-Sp L. [_ :
(het) §90 P exp T J
exp[_lﬁn'f(a)'asLa'Toz:I__,,.,__,__,____,(Q)
3k-4T2.Hs2. T

T T°C, Ns: fAEWHE O BAITRT & &y 5 kDR
T8 So: IESREALAKTE D 72 D DAMEEE O RKEH
AR LT

¥k, f@ IR (3), (4) TSx6N5B.

£ = 2+ 005'9)451— COSNE e (3)
008 LEET TS o ()
SL

T, orc: ASKEMEME & ORMEIRN, osc: [
gk AR E ORMERT, osL: EEREEEREREOR
RN

X (1), (2) LPHB6RERLD EEHICT NN
KICTL BT, FO@EBESHEMASE LS. Bt
FRREM K E WV E WS Z ERRREREN /M L, Lk
POTHFEEMB(O)BNEL BB ETHD. VE,

A (2) poELXOBLIMTET5 0 25HL, Thb
DFER% F & T Table 6 IT7R L.

7ok, EHIEE LT, 10-*tcm QAR A B AR
OIEFPI VlFET S & LTUTOEEA V.

Ng-85,=2.37x108(Fe atom/cm3), 4G,,=Hs=2.54

% 10-13 (erg/atom), o51=204 (erg/cm?)d), Hg=
1.91 x 1010 (erg/cm3)

Z OfER, (REM),0; OFFEFIEHE T AL O,, SiO; iz
HARTHGAS L, T OFHEERAD IS, EhDT
FTNABERELZH T D L3br5.

¥, HEO7-%IC FiscHER, ACKERMANN L DT/ D
7o MnO QAR ERAERAE b Hi>e TR LIcH3®, MnO
OWTHE, BFUEWED 52.7°C L RKEL, Lichio
T im0 S o bt "TREL L > T W
5.

7277 L, WEOERMITIHVWTIE, MnO 237 HHE fihigt
e UTHERL 72 @ 5, 5\ 12 Mn-Silicate, Mn-
Aluminate 23] L7 AEEMTH 255 T T &
Ddbx$ MnO BMER Lcd D& LTHITF L.

TDX SR EHAEROTR M €7V &k LT STr-
ANSKI (X ZURITHE G € TV BRI L TWw 2239, FARE
CRWThOEFVTEWTS, MEDE I ESEED
MHID SR = oV & — DR & T 2 AR F £ 7% 5
TR VTRR—THA 5.

5-2 BAERREOBERFNER

ESH T oS EE LD 04 BEE N O RUNBIRIE, <
NoOR L & Bk L OORm= A v — T X b EiL
LS 5T Db okh ZOREIALVY—2FE
THRFITOWTREY, BERAOLEPEE, #d
RIEDORED bR T T 7 419, fliEWE L EGEED
FIOWEA, X, ZThOHORMICET 5 HEEO
MFED DI disregistry!?) LTH D, TofhEL D
RF»ds5.

IhHLDRFO S LRT=FH M ERILTET, R
WEHAE RO T ERIVELERMCRD L
TWEWOBBRTHAS. —F, THEABAEREO
£ RAbR & H M OB T @ disregistry 1B L T 13,

Table 6. The catalytic potency of various oxides.

Nucleant Experimental Critical supercooling | Equilibrium contact | Standard deviation
number (°Q) angle (°G)
Electrolytic iron 51 138.9 — 19.0
Electrolytic iron+ SiO, 20 29.5 26.8° 15.8
Electrolytic iron+ Al,O, 22 13.9 18.3° 8.6
Electrolytic iron+RE,O,4 8 3.0 8.5° 1.9
Electrolytic iron+MnQ29 9 52.7 36.5° 12.0
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39, ¥7z, Bramrrr'? 3 20 BEHIORLW & Sibo
S E R REFEFENTHE U, THEZERICEHED
&»—o7- TiN, TiC, SiC, ZrN, ZrC, WC @ 6 &HoD
L& oiBs E % disregistry O 2> 55557 L, Turnbull
and Vonnegut OFHTD ZHMEEBLTV5. L
L, WC o disregistry {2 D\ T, Turnbull and Von-
negut DR S35, WO 0@ ERIHE Lass-<,
WC & 6 BRot&F 710, 5T H DS A ki B
HBHEEEHLTVS

COXITMIEMBRERNTADE ST, FEHESE
5 HWECERT 51k, MAAOHFERIIMI AT 5/
BREZZELEINEELY, ThicEl L, BERE
RELTVS. f@@ﬁﬁ@ﬂ@)kiof%%béh
5.
| (d[uvw]icos?,) —d[uvw]l |

d(uvw) &
3

S % e

(hl”l) n= =1

~(5)

LT, (hkl) o=t AR O OQRIBEE, [wow]s=
(AL s TN DARIRFER S ), (hkl) » =4 RSk DRI IR 8K
T, [uvw], = (kD) , TOOIIEL S 7], d[wvw] ;= [uvw] »
iia D BFREREAEE, dluvw]s= [uowls 1TiE 5 RT-RIEEEE,
Oy =luvwls & [uvwl, D AR

Z @3 % Turnbull-Vonnegut ¢» “Linear disregistry”
it LC, BramriTT X, “Planar disregistry” 2 #r LT
Wwah.

Lin L5, Bbmic onwTE 02703z s A
EHR LY, Z 2T (REM),0, ALO;, SiO, Xt
MnO D4 K AE % _5C Planar disregistry |z X b #Z54
5.

5.2.1 Ce,O,

La3+, Ce?+, Pr3+, Nd3+ % FOFFMETEOZ R/
{bmofhifiEEit, A, BRXUOCRISESh, 44

EEN rv/1o DIES 5, LayOy Al §s X U Sm, Oy BIEE{L
WEA X EEEP L BILEMTHE LEXLN B,
REM ZNEHOEFMEZRAED XREY 25, La,Oy
B (A%) THDEEx, TOREM Lay,O; Bk
DOTFER % Table 7 3. REM OFERS1E Ce
THHZerb, TOFKERNLCe,O3 2L, ThH LS
BROFE B FOR BRI A KD D . MELDIERS TG
FHEIRLTED, TOMIERER 8.3x10-¢/deg & L
T2, CeyOy d 1538°C TD ap 3ked 5 & 3.9376(A)
i b, —F, d8kDa122.9315(A) L L™, Zhb
O E OB EEE T L.

Fig. 7, 8, 91 o8k fRykfam e L T (110),
(100), (111) F% Ce,Op » (0001) FHiz = » F o X
i fERER LI 0, A0 v F U UHITED
BAREEE O EFERE Table 810 % 2 TR L7225,
CeyOy @ (0001) i & 6 2> (V1) [A5 5% B misfit A3/
<, FOHEELTN5%TH%.

Case 1. 5=51.1%

(0001 )¢e0, # (110) 55

(170] sr
(1010]ceso,

[OO ’Jb Fe
‘ b Fe

50

Fig. 7. The crystallographic relationship at the
interface between the (0001) of Ce, Oy
and the (110) of §Fe.

Table 7. Crystal structure of nucleants.

Lattice parameter (A) Linear themal coefficient
Nucleant Crystal system of expansion
a, Co ay(at 1538°C) 10¢-deg-?

Lazo3 3 . 934’27) 6. ]34’

Ce,O4 3.88828) 6.062 3.938 8.32)

Pr,O4 Hexagonal 3.85629 6.008 ’

Nd,O, 3.836%0 6.000

Al O, 4,759 12,991 4.814 7.52)

Si0, Cubi 7.12032 — 7.153 3.025

MnO ubte 4.445%) — 4.520 11.020

— 16 —

<

b

4}

¢

-+

e



<+

)

»

Y

HOTHEBERICE X ETRILDHORE 621

Case 2. §=58.1%
(OOO' )CezO; / ( | OO)5pe
EOOU SFe
[1010] ceso, [2110]) cens

Fig. 8. The crystallographic relationship at the
interface between the (0001) of Ce, Oy and
the (100) of gFe.

Case 3.

5=50%

(OOO| )Cezf)a// (H')Spe

[2110)ce0,
[O I I]“F:

(1210 Ce 05
[ O_] bre
5Fe
o

Fig. 9. The crystallographic relationship at the

interface-between the (0001) of Ce,Oj3 and
the (111) of §Fe.

Table 8. The planar disregistry of Ce,O; and §-iron.

Case [hk1], [bkll, | drhkl]y | d[hklln | @i, deg |d[hklls- cos 8, 58:};3 s
n
1) [1210]ce,0, | [0017s5e 3.9376 2.9315 0 3.9376
(0001) co,0,/ (110) 570 | [2110700s0r | [1111sre | 3.9376 | 2.5388 5.3 3.9208 51.1
(1010]cor0s | [110155, | 6.8201 | 4.1457 0 6.8201 \
2) [1210Jce,0,| [0101s5e | 3.9376 | 2.9315 0 3.9376
(0001 co,0,// (100) spe | [2110]cer0n| [011155e | 3.9376 | 4.1457 15 3.8382 58.1
[1010]cer0. | [00175ge | 6.8201 | 2.9315 0 6.8201
3) [12101ce,0, | [110T4re g.g%s 17*. 1382; 8 g '3%?
(0001 o0,/ (111 5 [11001cer0. | [121158 8201 B . 5.0
coa0s " 210]eo: | [01175p | 3.9376 | 4.1457 0 3.9376
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Fig. 11. The crystallographic relationship at the
interface between the (I111) of g-cris-
tobalite and the (111) of oFe.
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Fig. 12. The crystallographic relationship at the
interface between the (111) of MnO and
the (111) of §Fe.
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