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The Oxide Produced by Addition of Aluminium to Molten Iron

Shunroku WATANABE, Katutoshi TAKANO, Kaoru MORIYA,

Yasuhide TU, and Yutaka SHIROISHI

Synopsis:

This study was carried out to investigate the oxides formed from molten iron with addition of small
amount of aluminium during cooling and solidifing. Electrolytic iron with addition of small amount
of aluminium (0.05 and 0.1 wt?,) was melted in a levitation furnace of purified Ar-gas atmosphere,
and molten iron was kept at 2200°~2300°C. for about 40sec or at 1580°~1610°C for 1~2sec.
Then, the molten iron was quenched by moulding it into a copper mould or putting it between two
copper plates. The oxides formed during cooling and solidifing were extracted from the quenched iron
by the Iodine-Alcohol method and identified by the X-ray diffraction.

The oxides identified were hercynite, 7-, k-, f— and a~Al,O; in the case of quenched iron with addition
of 0.05wt%Al and 7-, k-, 0- and a-AlL,O; in the case of quenched iron with addition of 0.1 wtg9pAl
It was considered from these results that y—, g~ and §-Al,O,'s were the oxides of intermediate state of
change from hercynite to a-Al;O3 by the reaction of hercynite with aluminium in molten iron.
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BHRRABE LTRBRTAE v~ — - T VELEE (REA
HEEIZK) 108 deg/sec) & L O GBI~ ETRRT 5+
S E— L FEE (OHBEREEILK) 108 deg/sec) # 7z
DX S RBHMEE DR AR EY AV, ¥R
BEAEZ L L X b kM EWE LT, a-ALO; 23
A B LARGT O AR A ) D RITE & a7,
2.2 REBREBLIUENEF

VET 4 v e VEIRFR X OEREEY Fig. 1 R
+. iyt 450kHz, 10kVA O EEEBEKC X v {7
7eus, RENECRaEET YAV, o &aRE
TRIIRDERDTH 5.

(A) ~v=— - T VELABEC X 554
A4y 40sec ] 2200°~2300°C DOFE R EIC R
L7, Fig. loikLic~v=—(2)%IEOEL, &
4 FOBPER D DT e A4 » F (1) Ic X ) BIREDE
Fxdp, BB FIe5. BRSO ~v=
— XA DOBHW A DT A V() DEE I, %
TLTL 2% €A b Yoo ik (10) L [E%E
WA ORIT #AR &, ke 7+ 4 VIR (B35 50
u) TLtaiTh.

I . Switch for power off

2 ! Hammer
3 . Piston rod 4 . Copper mould 5 . Plunger
6 . Sample 7 . Two color eye pyrometer 8 : Coil
9 | Rubber shield

10 : Copper plate Il . Copper plate

12 . Rod for supporting sample

Fig. 1. Apparatus for heating and cooling sample.

(B) 1 - E—AFECLAEE

SRR 40sec [ 2200°~2300°C OFFIE I I 5
Lk, BEZYD TS O THIEES) CRBOET
BT Y A (4) AR RIR T 5.

(C) T+ E— L FECLAES

B O TR | ~ 2 BRI RS v R AR AR
T5. 0k EOREOEALEE L 1580°~1610°C
THY, EHERICIIEHOBILYIERLTEY, &
ARECIE RN B L L DA IND.

T3 =y ARG D AEBES U S L, R
B (AUECTWRE) ISR LB TR R
bhTky, XbREY BT 5 L FmOB b G
U CHE#c i U< 25, eIk r ks c&
Fre— OB bz EE k&> T 5. 2200°~2 300
°C DIRE TIRBILYIER L C—2DmicE h &7gD
CTEEIMAFELTEDY, L > TRHIEEARIOB
DBET B TIEEMEY & B ERCR CIREB B 5
LEZ BIS. BENGE %I EKE OB LY O XEREIHTIC
X BRI ORE, Bt a-AlLO; Thote.

ERBFIKRO LB Y THDH. BRFEOT R, 71D
%) 3g O FthEY) ) B URELHE LIk, £O—MHE
RO, TEDBECRS I SEHFELLT VI =
v A, FOWIC WA, F LT REERFENI RE
L, FRREHE 7L VAR TERLCE, RBEE
L, BRRORHEHE (A, B, G) L >TAR
Ak B BohcgRilbnba v R7 va — ik
I X o TR YA FH L, fmiE U Bt con
T, CrKa ks XEEY (F i1 - v=F—D 2
FILB) BITR, RER{TIok. RAECEELT
JCPDS » — FRIVF—x—7, 7WEBRB L. M
RFR DI LT CrK, fRodHE & L, 2.29092A
ZEH L.

R LI EMRER L7 v 3 = ALy Ta-
ble | wiRd. BMAGEEM L Al EEx 0.05 wtZ
FIO 01wty THH, ZOETERSOHREE
X LT, ETH O/A) T, ThZth 1.45 kI
0.73 st T 50 TH by, ALO; & LTEIEYED
Al EEL Al BEI2ECILETHS.

Table 1. Chemical compositin of specimens.

Composition (wt%)
Metals
C Si Mn Fe Cu P S O Al
Fe 0.005 0.005 0.005 99.9 0.004 0.003 0.005 0.043
Al 99.999

— 56 —

A
ke

4
A

A A A




-

S‘

e‘;

>

/>

i

DTN I=TANEELEHOEH - BEOBICET 5 BIbWIZonT 385

3. R B E R

T =y AOWMEDS 0, 0.05 XX 0.1wt% @
SHEORFIT OV TR ATk, UTohboi
BHZ oW C OB R 2T
3-1 Al JinE 0wty DFE (BREHKOHE)

Aokt B Uc A i by o FeKa flic k5 X %
BEIFTOFEE, BHILEA, BEIUVCCOWThoBA
BT h BRIy A% 4+ (FeO) THDOte.
3.2 Al FinE 0.05wto, OFE

3:2-1 RBAEAEMHEADEE

Ak DR Lic i@ ety o GrK, e X s X 2

B DGR, kO OD BREN B LRI, —Dik~—
Y454 b (FeO-ALO;) &tHv~— - 7r3iF (-

ALO;) MEFETHHETHY, Mk r-ALO; Ly
A T3 g (-ALOy) MIEETAESTAS. B
DIFDDFERAHIE XN -E/sEmEEd & & $ i Photo.
I 38X Photo. 2 iR L7 FlfhZTho HE
BWTHE Shic d fEEFE ShicBtho d ix
Table 2 ¥k F Table 3 R L7z

——2.449 (H)

f _2.030 (H)
L T—1.997 (Y

| 658 (H)
1564 (H)

- 1.436 (H)
——1.414 (Y@

Photo. 1. X-ray powder photograph (11.46cm
camera, CrK, radiation) and inter-
planar spacing of the isolated residue
from Fe-Al (0.05 wt2p) alloy in the
case of the cooling condition of A.

H : Hercynite, 7(a') : y~ALO;(a").

7 -ALO;
AV Vit EORKEBZBICER TS 2 Lk RIZED B
TBD, TeHic L oT 7-AlLO, ORI, EirD

BRA/B IO ATO v BKFWp 13 H

d(A)

2.795 (ytb ), (K)

2.286 (7(b))
1.973(Y(b))

|

———1.396 (b )),(K)

Photo. 2. X-ray powder photograph (11.46cm
camera, CrK, radiation) and inter-
planar spacing of the isolated residue
from Fe-Al (0.05 wt%,) alloy in the
case of the cooling condition of A.

7(b) : 7-AlLO3(b), £ : £-Al,O4.

Table 2. Identification of the X-ray diffraction
values from the isolated aluminous in-
clusions from Fe-Al (0.05wt2;,) alloy
in the case of cooling condition of A.

d (A)

Specimen FeO - Al,O,20 r-Al,O5(a")
3.339 3.339
2.866 2.87(0.7)

2.449 2.45(1.0)
2.419 2.419
2.030 2.03(0.7)
1.997 1.997
1.658 1.656(0.2)
1.564 1.562(0.9)
1.542 1.542
1.436 1.434(0.9)
1.414 1.414
1.283 1.283(0.1)
1.240 1.238(0.1)

The values in the parentheses indicates the relative
intensitiesf of I/I;.
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Table 3. Identification of the X-ray diffraction
values from the isclated aluminous in-
clusions from Fe-Al(0.05wt9;)
in the case of cooling condition of A.

alloy

d (A)

Specimen L r-AlO3(b) £-Al,O,418)
2.795 2.79 (0.2) 2.79 (0.7)
2.589 2.504(1.0)
2.452 2.445(0.8)
2.388 2.381(0.8)

2.286 2.271(0.5)

1.978 1.973(1.0)

1.940 1.950(0.1)

1.611 1.632(0.5)

1.510 1.517(0.3)

1.433 1.431(0.8)

1.39 1.392(1.9) 1.400(0.4)
1.387(1.0)

Table 4. The X-ray diffraction values of

T"‘Alea.
d(4)
7-AlOs5(a) 7-Al, 04 (b)
2.75 (vw) 4.55 (0.1)
2.43 (m 2.782(0.15)
2.295(m) 2.387(0.35)
2.20 (vvw) 2.283(0.2)
2.09 ? 1.977(1.0)
2.00 (s 1.521(0.1)
1.965(m) 1.398(0.9)
1.55 (vw) 1.142(0.5)
1.403(s) 1.029(0.03)
1.149(w) 0.989(0.05)
1.04 (? 0.884(0.05)
1.00 (vw) 0.807(0.15)

The symbols in the parentheses indicates the relative intensities :
s—Strong, m—Medium, w—Weak, vw—Very weak,
vvw—Very very weak.

T\%. Table 4 & 7-ALO; © d {ExRLI. 7-
ALO;(a) (3 StumpF LN — =< + (ALO;-H,O)
DK L2 T, 7-AlLO;(b) 1T RooksBY2) 7331 =
54 b (ALO,;-3H,0) ofiKc 2T, Bbhicbo
Th%L. Table 2 oR Ui I Shic 7-ALO; it
Table 4 R L7c\WTho 7-ALO; I b HL L&
Zz bh, 0 7-ALO; & 7-Al,Oy(a’) & LCEE%#
¥%. Table 3 /R LIcllE I e r-ALO; 1% 7-
ALO;(b) ML TV EEL b5, EofERx
DEHERZEELT 7-ALO; @ d {HiL FeO-ALO,
DFENEMETH B 2 Lbvons.

3.2:2 BHEFMHEBOGE

A R O XARET DFERR D2 DFERA R LR

fz. —2ir FeO-ALO; & 7-ALO; NEHEFTZEE T
By, i r-ALO; & k-ALO; 2EFETHHEE TH
5. BOBOOKEESY JIEIhic BEERE & &b
Photo. 3 33 X ¥ Photo. 4 /R L7z, FhBDRBDODIY
ARV TIE S - & RE S e o dE
% Table 5 &1t Table 6 =;xL7-. Table5 & I
¢ Photo. 3 2bbnnb XS, L£REBEHHO 7-
ALO; 13 7-ALO;(a) I r-ALO,(@") NETH B
2, b T TH B r-ALOs(b) 23§D Hhs . Table
6 wiRnEhs r-ALO; 11 7-ALO;(b) THHEHEX
Hhs. Table 3 33108 Table 6 »sbiombd X 51,
£-ALO; RIETHEE, 7-AlLO; 1 r-ALOs;(b) T
B, FreERBETicr FeO - ALO gz L A EFF
ELIWDEEZ BR3.

3.2.3 BHZECOEE

AR XEET ORI L 5 &, r-AlLOs(b),
=& — T 3iF (0-ALO;) BIOT7ALT »— 7
N3 g (a-ALO;) THofe. Photo. 5 i X R EIHTE
R EWE IR EMFE R L. Table 7 il X

d(A)

.407 (Y(q))
1.390 (¥(b))

Photo. 3. X-ray powder photograph (11.46cm
camera, CrK, radiation) and inter-
planar spacing of the isolated residue
from Fe-Al (0.05wt9%) alloy in the
case of the cooling condition of B.

7(a) : r-AlOs(a).
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Table 5. Identification of the X-ray diffraction values from the isolated aluminous inclusions

A from Fe-Al(0.05wt%) alloy in the case of cooling condition of B.
" d (A)
3 Specimen FeO- AlL,O, 7-Al:Os(a") 7-AlOs () 7-ALO4(b) a-Al,0g1®
- 2.863 2.87 (0.7)
) 2.837 ?
-5, 2.533 2.552(0.92)
| 2.447 2.45 (1.0)
o 2.409 2.419 2.43 (m)
' 2.304 2.295 (m)
- 2.078 2.085(1.0)
' 2.027 2.03 (0.7)
N 1.992 1.997 2.00 (s)
" 1.738 1.740(0.43)
l 1.661 1.656(0.2)
e 1 .631 ?
1.600 1.601(0.81)
; 1.566 1.562(0.9)
| 1.539 1.542 1.55(v w)
. 1.437 1.434(0.9)
1.414 1.414
1.407 1.403 (s)
1.390 1.392(1.0)
1.372 1.374(0.48)
1.287 1.283(0.1)
1.242 1.238(0.1)
° Table 6. Identification of the X-ray diffraction
d(A) , values from the isolated aluminous inclu-
sions from Fe-Al(0.05wt9%) alloy in the
2 716 (k) casc of cooling condition of B.
N
-2 585 (K) Specimen | 7-AlLO;3(b) | x-AlL,O, a-Al,O4
—2.443 (K) 5.044
4.033
I —2 305 (K) 3.025 3.04 (0.4)
e 2.837 2.84 (0.5)
e . 984 (b) 2.774 2.79 (0.7)
-fv%:~”’”"| ALY 2.716 2.716(0.8)
———1.948 (K) 2.585 2.564(1.0)
. 2.547 2.552(0.92)
2.443 2.445(0.8)
2.398 | 2.381(0.4)
2.305 2.305(0.8)
2.274 | 2.271(0.4)
2.153 2.112(0.9)
2.084 2.085(1.0)
2.016 2.013(0.6)
1.984 1.973(1.0)
i 1.948 1.950(0.1)
: 1.902 1.910(0.4)
v///’L404 (K) 1.615 L%ng%
1.597 1.595 (0.
B 1.390 b)), (K) 1.540 1.537(0.4)
: 1.504 1.503(0.1)
1.484 1.482(0.4)
1.452 1.445(0.6)
1.404 1.400(0.4)
Photo. 4. X-ray powder photograph (11.46cm }g?g 1.392(1.0) ig?g(l .0)
camera, CrK, radiation) and inter- 1.9295 1.291 0.2)
planar spacing of the isolated residue 1.283 1.280(0.2)
from Fe-Al (0.05wt%) alloy in the 1.245 1.239(0.1)
. . 1.234 1.230(0.1)
case of the cooling condition of B. .
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Photo. 5. X-ray powder photograph (11.46cm
camera, CrK, radiation) and inter-
planar spacing of the isolated residue
from Fe-Al (0.05wt9) alloy in the
case of the cooling condition of C.

6 : 0-Al,0;, a: a-AlO,.

TR & B S cBbo dix s L.

DI EBHIZMEA, B L0 C OBEIOWT B 7
2, ABIOBOBEAEIERTY, bThRb a-
ALO; 2388 b, T IILIERE R\ TR L
T Wk ER LBt ch D LEL DR S.

BHEIGMEA TS L OB DEA, 2200°~2300°C bR
TIREMEMT R L C— 2Dt & b & oo CIREER
CAE LT 50T, BAGEOBIA T HEEY & ik
RANTE. = DOfE LT AB b XEETTe X
DM OFE a-ALO, Thote. BEkD B AIGER oK
W UMb o XEEmITa 1778 5 7odbic, EEOERL
By L KA B Ted i L b Db Tk E 7t &
D OER bR E ) DFE G, UL, Lo ae
R\ TR 1T, BB o—iBir bR ie o7 b
T 50T, HHBEY» ORmOBRLME T XTEh D
FLz Lk AAEETH O, FEEDLIX, B0 7
4 v —BEHIZEWT a-AlLO; DEIFTEI AR
FoEFIEEE LT5HZ L BHEE LT, #HEE kY
cEENDRES D a-ALO; LEFERECAE LT

Table 7. Identification of the X-ray diffraction
values from the isolated aluminous
inclusions from Fe-Al(0.05wt%) alloy
in the case of cooling condition of C.

d (A)

Specimen | y~Al,O3(b) | 6-AL,O,1® a-AlO,
3.461 3.479(0.74)
2.830 2.83 (0.6)

2.716 2.71 (1.0)

2.537 2.552(0.92)
2.435 2.431(0.9)

2.368 2.379(0.42)
2.299 2.301(0.8)

2.278 2.271(0.5)

2.245 2.243(0.7)

2.077 2.085(1.0)

2.018 2.010(0.8)

1.974 1.973(1.0)

1.899 1.898(0.7)

1.792 1.791(0.4)

1.733 1.740(0.43)
1.598 1.601(0.81)
1.542 1.546(0.03)
1.508 1.514(0.04)
1.483 1.481(0.5)

1.470

1.451 1.448(0.7)

1.402 1.404(0.32)
1.386 1.392(1.0) | 1.378(1.0)

1.371 1.374(0.48)
1.333 1.337(0.01)
1.293 1.291(0.2)

1.281 1.279(0.2)

1.272 1.276(0.02)
1.237 1.239(0.16)
1.232 1.234(0.07)

TR by Ch b LE L TS,
3.3 Al FinE 0.1wty, OBE

AR XREIFT ORI X % L AHELEAR X
OBoBELSIR T 7-ALO;(b) & LU k-ALO, Th
D, REIEMC X > TARMBILY D EITFED Hivis s
Doz, FRRHGME C OBE ARSI 1-ALO,
(b), 0-ALO; % L a-ALO, THH, Al FHhnE 0.05
wt% OEEDORHGMECreRki b AR LR T
Bl

BHIEMEA R IO BOEE B\ ThTnihis a-
ALO; 758D B, ZHIRBEFHREC RS\ CHEBERE L
T WIEERE Lo Ch B EE 2 bR b, BH
FMEA R LU B OBAFE T E I\ BT R MEE A
IR BT,

1. = g

AR o X EEFC X5 AEEE v o s L
Table 8 D X 5 cic 5.
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Table 8. Summary of the experimental result.

Cooling Al(wt7)
condition 0 0.05 0.1
FeO-ALO; |  7-ALO,
A FeO 7-Al,O4 £-ALOg
£~ALOj a-ALO,
FeO-ALO, r-AlO,4
7-ALO, k-ALO,
B FeO £~ALO, a-ALO,
a-Al,O,
7-Al,O4 r-ALO,
c FeO 9-ALO, 9-ALO,
a~-Al,O, a-Al,O4

7-ALO; BEEIRRICE L FHHET ARV ER
CHETHDZ L3—Rc@BD LR TR D, AFRER
TR WTE r-ALO; DR FeO-ALO; D% it
F T e D 7-ALO; 1k FeO-ALO; (L L T4 T
khorELZBNSE. Tbb, FeO-ALO; 75 FeO
PR T 7-ALO; kBT 5D TH 55, FeO onld
HREEWIG UT r-ALOs (@), 1-ALO;(a), r-AlO;(b)
DB r-AlLO; P ERTAIDEEZDRD., ZOZ
Lir r-ALO;(@"), r-AlLO;(a), 7-Al,Oy(b) D[]
PR SR AE AL U TRV E < 0T
HTEhbbEZDRS.

ERREB T £-ALO; DIVER T 5 BTl FeO-
ALO, 13 7-ALO;(b) AL L TV 5 LB BNS.
ZDWRRER IR LTWB DX Photo. 2 THB. Xb
v k-AlLLO, DIERM X /b E Photo. 4 DX 51
7, TR 1.404A & 1.390A oEERBE DS EEN Y
Lo oTns. Ul EaEETSHE, -ALO,
1 7-ALO;(b) BB LTAELE LD EEZ LIS,

BHIZM C OBAIT I\ TIE, SREBEwL r-Al
O;(b), 0-AL0; KIV a-ALO; THH, BEHICIL
a-ALO; 734 <, T IX BRI FRIERRE A Cle—Kk
NEWE LT a-ALO; XL DBDOTHL EEL bR
5.
BHEEDENDEZ S &, BIHEENKZDILD
HEHATHY, REBHEMHBZ LTERALECTH
5 EEL bR, REEEI/NI T EERIREY DR
Mz X7, ARTAHBEDE a-ALOs 1T &
E2bhb, LD T, —00ELHELT, EREX
EBD 7 A 3 1% FeO-ALO; B’ %8FD Al X DK
ZXoT Fe #REPICHE LT a-ALO; @it %% T
OHFEOREMTH S EE2 IS, KRLEMDT v
I FOARIRFIIRO LS EELbNS.

FeO.ALO, — 7-AlLO,(a")
— 7-ALO;(a) — r-Al,O;(b)
— -ALO;——0-ALO; — a-Al,O,

FRDX s IeE 2 BT HE, EREEMDO 7 L3
Ficik Fe bR E LTEEIhTWB EEZ BRS.
LD EPMA 2 X 55 0iofRic X 5 &, Bk
Hrhiz Fe NEEFhThWbZ &N EDBhizoT, Fe
PEAEHOBEEZ LT B EELLDNEYLTHH .
= DPALFIOEBI oW TiE, SBOMERFEES —>OT
B5.

TR OBHEMIFIC R TS, 7-ALOy(b) 2EET
B ERERTD L, FeO-ALO; 785 1r-AlOz(b) ~
DOEIT TR Tl s X 5 Thsh, 7-ALO,
(b) 2B a-ALO; ~DOZITFTE LD, Dl hEWE
Ezbh3.

3R H213 FeO-ALO; DREFEMEKD 5\ T KES A
X HEICEBROBIC, ERZEMDT v DL %
D TWD., ZOHRFIMERLEMD 7 v 3 DA D
FeO-ALO; 1R LTWbETHEELDEL STE—
FLTWBEELZLNS.

BERLERMD 7 N 3 > DR OVt Bl o X
SIE Z bhich, AROBEMEERC Al BEOE\
DNBERT S EEZ DN ARBER LO—KRNED &
LTD a-ALO; MMERZEID T v 3 & TERT
BLDTHBENESMHEND T EDWTiE, BBk
{LHIDRIE L & die, SEBROMAFRETHS.

5. #& 5

Bk Al ZERM LB E T2 kA Ew E LT,
FeO-Al,O, BIVEKREZER O7 103 FTHDB 7,
- BXO 6-ALO; #FAD k. ¥k r-ALO; ix 3
BORENLLZ ENRH I, EREZERD 7 L3
>t FeO-ALO, gk Al LG LT a-AlLO,
~EEET BEBOMBOMIEH TH D LE L bR,

AL ETTHEHIc2T, EPMA X350k
T2 T T IS W T AL R B PR BB B SR P D Ve k22
Re@BE»ELET.

E'd [y

1) H. A. Scoman and E. L. Evans: JISI, 165
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