w .

/{‘/9 gw,;ﬁm bE G088 SEF 0489, 7/

ﬁ%?ﬂ/i =Y AL 5@%@%@5&%&1%?5%% : 1617
Soc., Amer. Inst. Min., Met. & Pet. Eng. 13) C. R: TavyLer and J. CHIPMAN: 'Trans Met.
154 (1943), p. 228 Soc., Amer. Inst. Min., Met & Pet Eng -
9) Metals Handbook AIME, (1948) p. 1182 154 (1943), p. 228
10) BUJII, HJIl: k&4, 44 (1958), p. 467 _ 14) C. E. Sius and C. A. ZAPFFE Trans AFA
11) BN, FRJI: @k @M, 44 (1958), p. 650 49 (1941), p. 255 '

12) #JI, &R &4, 36_(1%4), p. 989

&E 7 fbMC;t %ﬁfﬂOJHﬁ@i%?F% CE@?‘“%%@
B - SEA B L4 g

Consideration on the Deoxidation Mechanism
/of Steel by Metallic Aluminium.

Akira ADACHI,. Nobuya IwamoTo and Yoshinori UEDA

Synopsis: - S .
Although it is 1mportant to know the deoxidation- process of aluminium as strong deoxidi—
- zer and stud1es about deoxidation products have been done by many people, we could not
clarify the process. L. S. Sroman and E. L. Evans found some unknown substances formed
beside aluminium deoxidation. They identified them as silica from the chemical analysis
result of-total isolated residues. C. E. Swus, H. -A. SALLER and F.- W. BouLGeRr reported about
the deoxidation products with aluminium via the substance 11ke AlO, but the process has
remained unknown. :

In ceramic division, the dehydration mechanisfn of aluminium hydrates has been established.
But, there are many questions about their crystal structures and about the ex1stence of many
modifiers of alurmmum oxide. :

. It is very important to know the formation mechamsm of alumunum oxide in the molten
iron from the viewpoint of metallurgical research and practical basis.

In this paper,the authors discussed how the variation of solidifying- and cooling velocities.
influences the structures of deoxidation products.

The results obtained are summarized as follows:

1)  Under rapid solidification, we could determine the formatmn of wvarious low tempera—
ture stable modifiers bes1des corundum. They are chiefly # type alumina, and supposed to
be 6 and & types. ,
~2) From their formation, we could suppose the formation of aluminium hydroxide in a
moment after. addition of deoxidizing agent. We must appreciate the role of hydrogen in
molten steel. ;

3) For compafison, we used a platélet and a small lump -of metallic aluminium. There
was d1fference between theéir alumina modlﬁcatxons Especially, in the case of small lump,
they exhibited an appearance of 7 type. » '

4)  Although there are two dehydration paths in alumma mod1ﬁcat10n, we could estimate

' from this experiment that alumina formed in steels takes both processes.
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LTENSMC AR ILER a-7 Vit (a5 048 n)
DBEFEINDLDEXHBRTD S AL, Bz Al/0
DWHAICE D Hercynite(FeO-ALOs) HFEIERICHE K
ENEpEHmLTCERLDIDOLDS.

TRERAE R DAERKBHEIC OV TR U 2 D oA v
H. A. Scoman and E. L. Evans i X D EfE SN
,Jl)k(%v M TD, ALSAEACEEZITO L, IR

DONEMHERD bz, FHE, HEMNEROILES
Wb, Thbz Si0: THSH 5 Liwlie. X HRHYAEHL
BREENTOARNDT, FOEEERL TERNS,
LB HTHED D D, £ DML HEE 2 BT 5 2B 0.

C. E. Sims, H. A. SaLrer and F. W. BOULGERViZ)
Am)ﬁémmMMezéﬁKTVé#,%@rﬁéh
TWitnwb D EBEbhvs.

V. L. Boepanpy, W. MEYER and I. N. STRANSKI
A¥®, Al [iEE D kinetics 00oWT, AR L TITAE
EOMBHOERL, BEEkdIIBEEZELXTER.

Ui L7assn, Al BB OBREICE Uil #EEoic
LEEOT\V 5.

FTTREEOSBFICHE VT, Al Okfm» iRt
TE =Y AOEABOLREMBERIND T LB, vk
ZUL ORISR Y ORHEO B8 S FET BN E
LELPIEHEDTWS. & OBEIMRICE W THED
TVWEWHREIPEHLLEEETHS 5.

H. A. Stoman 5 OBRRENICR S hicfiE TR D
Zm, ¥z C. E. Stus BEowvws A0 5L &ED D
B, WL TAERSNDRE S, KWicEkd5E

CBEIER L2 @, 7~8min BEIRFD D D,

WTdHy, HBREELZRHTLZFEPIZE5256D0L
Ezbhb. AECE TR, Al FERE 580
B 7% & QNSRS & 2 T2 8 O RN 028 &
FAEL .

2. R B B &
15kVA OEEEET, 7V FUYEBI0

PRUT VY EE BT 6508 Ofigk % SR Al/
OfeAs 25 DEIEZERE LT (Fk® Al/O LO%E

a0 ) MRERE Al i, E7z 997995% OmFEM Al

WA TRE TSR OMICEE L, BEROERICHE
AVERRE L.

AR 4~Bsec L TEBEZTM L D, 9~10sec
Eﬁﬁaﬁﬁﬁﬁ
Licd ol E—HoERFRE, VYRR TEEELD
Teh Dk, KERMERICHAAL S DL AL

EER D DICoOWTIE X-Y TSRS &
7z ~

ZEMBRER B, B S CNCIE B HE T4
SRR, SETRREE I X BHE, BHTEOH
2, X§E - BFHEEREE L7z, XBEFTEMERFEE
TEH L. COBEE CrK, m50E CuKy 2 d B0
7z,

3. £ B & 2

Fig. 1 1%, Al B# A 4~5sec 8 E S 1k 7zNo.
125 ,Eﬁﬁ@%ﬁ<bfﬁﬁ%?&tNo4if®
_‘in‘@ X-Y EuEuEﬁmTVC@F@

2000
No4

p%ﬁX:ZZQ
0.
No.3* —&\\‘

1500

BHEERSE Y B Twh. Th
HHMBETE L, BEHIEETS,
[RIBEE s B DI h s D B2 T

THZ ERDrD.
3.1 X{REFRHER

Photo. 1 1 EROKEFNE D
HEEA D CuK, 1©X % XHE -

Temperature ( )

500

HERZLHLTVE. Thpbbix
55, No.5 OERFELHT
BRI bOK, EREELEDL

\,NQI,NO.Z
No.3

N
\\\\\\*MA

Ex bR TS AIN 2&  CHE
TV, BEPLH B 2 TRV
. No.2oztENX, No. loEFERE

5 0 _ 15
Time (min)

Fig. 1.

Solidifying and cooling curves of various specimens.
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Table 1 iC, Bl L7t THEMRE & HEX5REY &

722 5h, Table2 0&®E7 VI FEHOKTHEERE

EFEAPTREE 7 B VTR &R ST B Thanh
a-ALOs DAL O R AHBHEER 7 V3 3 WRTZ LasT
5. L CERYK OSBIGE AR IS W REE
ZRLTWS. Al Fisboic Al SRt X 5 No. 6 BE
BROVEVWEDERLNS.

735, CHBOEETE Hercynite (FeO-ALO) I
BE TV CrK. X BRRTE, BHRCRDLh
%.

3-2 BTRERER

- V. L. Boepanpy 5|3 dendritic a7 Z{%ﬁ>}b}ij2%<
hBZ ERBUTWER, ZhEfrETERESRTY
Yl @ﬁéﬁ(@f\ﬁ:%%ﬁ%‘ﬂ"é &bii%tt%%%ﬁ

No. 1 No. 5 No.6  No.2 LTws. KR 200~250kV
OhEE, ET%OT mm E%@$
~fh3) FEFEZERL 72 RIRATEDD
o bhvk, BT %@ﬁﬁ@#f%
ie (024) n, Wistite(FeO)» & 5 75>E@5?J 5
«) "6722 - (116) ot
(8115720 — . .
(122) a-ALO; L EBbn b3 0B L bl
(k) 14428 — 129) VAT Tl e,
_— 0,
(K011.3986 5 Photo. 2%, dendrite EEAZEY &
ZTOBFEHRTHS. KRBT IV
(10.10) . 4 & pattern %RF45, Photo.3 O
(BRKIALD, o ALO; 0-Al,03 L 8T, FRE T\, den-
(corundun) .
, S - drite FRNMEDBMEBR 7 VT F 525
Photo. 1. Comparison of the X-ray diffraction patterns from ALOs BT Hb D LELTE
the isolated residues induced by difference of the & —-2°° =37 @ A
solidifying and cooling velocities. .
(Cu K, back reflection) 3-3 HYFEMEERERITSHUIC
Table 1. Identification of the X-ray diffraction values from the 1solated
alummous 1nclus1ons
Specimen "No. 1 ‘ ) No. 2
I/I, | d(A) | a-ALO; | £k-ALOy |0-ALOs |FeO-ALOs | I/I, | d (A) | a-ALO; | #-ALO; | 9-AlOs
| 1°3735 | (030) 80 | 1°3735 | (030)
20 13986 1440 1440 5_ 13883
1°4049 | (124) , 70 | 1°4049 |  (124) 1+40 140
50 1°4428 | - 1°44 1°43 5 1°4603
15139 (122) 20 1°5139 (122) .
5 1*5416 (211) 155 1*55 5 | 1°5472 (211) 1°55 1°55
15472 100 1*6046 (116)
30 1°5720 1°56 5 1°6506 1°65
1°6046 (116) ) 70 1°7453 (024)
5 16720 . 165 5 1°7997
147453 (024) 5 1 1°9154
5 | 18331 1°84 5 | 149683 | (202)
1°9683 |  (202) 10 | 2°0333 2°03
20 | 1°9924 | 200 _ 90 | 2:0962 | (113)
5 2°0480 ’ 2°03 | 202 5 2°1633
2°0962 | (113) , . 5 | 2°2219 : -
5 2°1502 5 2°13 5 22717 2426
30 2°2531 . ; 2°26 10 2°3224 (006)
2°3224 | (006) ‘ 60 | 2°3877 | (110) |
70 | 238771  (110) 10 | 2°4555 - 2+45
70 2°4660 | : 2°45 80 2+5548 ( 104)
275548 | (104) '
20 27258 2°74
20 2°8075 281 .
50 | 278989 . 2+87 2+87
20 3°0795 3°06




o B r @ S (19%5) HOH

BIFRAE ‘
Photo. 4 iz, No.1, No.3, No.5, No.6 O ; —
. . N - d Alumina - nAlumina 0 Alumina
BEEZRLTCVW5. EOBEICD dendrite BT D : N
BFESBD BN | ; d(A) | /I | (kD) \d (A)| /L, | d(A) | /L,
Table 3 ICEED TV 2 F DETICEFT 24 ITRL 505 |. 20 111 |46 | 20 | 525 | 20
2. A ez s ; \ 458 | 20 220 | 2°8 5 | 4°55 | 60
TS, BRIC X BEIHRAETH, a-AlOs BStofE 410 | 10 311 |24 | 60 | 356 | 10
ERTLONEETIC ERELATH S, R LIRS 3°55 : 222 | 2°29| 10 | 2°87 | 80 .
. ¢ 4 . . 4
CHPCRIRD a-ALO: XABENBLOOWEIE .00 | 4o | asg | 1en| o | 2k | %
s 2°75 | 80 440 | 1%41 | 100 | 245 | 80
Table 2. X-ray diffraction data for oxides of 260 | 20| 533 121 ? 2°33 | 60
L rmin i maHT 2°45 | 60 ‘| 444 |1°15| 5 | 2926 | 60
aluminia ‘ 2°30 | 40 553 | 1004 | 2. | 2°17 ?
— 2°18 | ? 800 | 009951 ? | 2013 | . 5
a Alumina 7 Alumina Co2t01 80 2°03 80
‘A , T 1796 | 20 1792 | 40
hkl) | d I/I, | (hkl) | d I/, 1*92 |10 1*81 | 20
(bhkI) (A) /1o ’( ) (A) /Io Looe 3 R
012 | 3°493| 77 | 111 | 4'56 | 40 b8l 10 163 | 10
104 | 2553 | 82 | 220 | 280 20 e e 1785 €0
110 | 2'380| 4l | 311 | 239 80 155 ) 40 (1780 1 40,
006 | 2°317 3 | 222 | 2028 | .50 152 20 a6 ) 40
113 | 20090 100 | 400 | 1977 | 100 1750 | 10 1ad 5
202 | 1+964 1 511 | 1°520 30 1hae 20 b4l | 60~
024 | 1°742| 48 | 440 | 1395 | 100 174l ) 40 . 17401100
116 | 1°602| 80 | 444 | 1°140{ . 20 1740 1100 13515
211 | 1°548 3 | 731 | 1027 10 1730} 30
122 ) 1514 9 | 800 | 0°989 10
124 | 1°405 37 | 840 | 0884 | 10
300 | 1-375 587 | 844 | 0°806 20
125 | 12337 | 1 :
208 | 1276 3
1010 | " 1*240 | . 13
119 | 1+235 9
220 | 1t191| 8
.¢. Alumina £ Alumina X Alumina
dA) | /L | dA) | /L, | dA) | IL
5+45 100 | 62 | 20 4+8 100
3'47 | 100 | 4°52 10 204 50
2492 20 | 42 5 229 10
2472 80 | 3°06-| 40 2713 200
. 2°59 80 | 2°81 €0 2+00 100 4800(3/5)
2446 5 | 2w2 | 10 1754 5
2734 80 | 2°59 80 140 100
224 80 | 2943 | 20
2°15 40 | 234 40
1+99 5 | 228 5
1°88 20 | 2°18 5
173 40 | 2°13 80
161 20 | 2707 | 20
1°55 60 2°00 40
1492 10 | 19 10
1+461 10 | 188 60 -
1441 5 | 1°84 20
1+346 10 | 176 10
1+288 60 | 1°65 60
155 | 5
150 20 R
146 20 @0 k) . ,
1°44 30 - Photo. 2. Electron micrograph and selected
igg 188 area diffraction patterns of den-
dritic inclusion. '
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(200kV) ¢-Al203
Photo. 3. Electron micrograph and selected
area diffraction pattern of the isolated
" residue from aluminium killed steel. .

W CHEET BT
4, = g

Al/O Me2s 25 RioEG T, Al BiEEki o7
&, WRER SIS HIRENS T & & IT, a-ALOs L

HNOIRIBREGBERINTND T &0l 25
T, Al KEp(brs 5, BKO@RT, 2EORE, 3

bt Gibbsite 225 LA, g MAA~T a BiTindd

®, %7 Bayarite 75, Boehmite ZEHHDLF
RS T T B, D A SHIT0 BARTaBICHTY
%H OOWREZFFETNED TRV EHEEE DT,
-(Fig. 2 2) RER TN,
Y Cownrich, Herdynite(FeO-ALOs) OAIs BTy
FERIA L T7 s Wisstite (FeO) DR & % & DL
TERDIBESEAIIIE T, Al ORE: &5 e H.
A. StomAN Jg EREREL DS D, FHERATHIFE O
TEAD LB AP TER. £ LT, VIERD a-
ALO; BEEEEWELT, £FELN 5 LINTE

7oV > OEIBEICBL T, WELERAOSEE
B AR D HEEL T 5. 1958Ficdh M. Pr-
UMMER [397-AlOs ZFEIKSES TIERE L DB E T,
REBIHIALL T B biibbF, a-ALOs & DT
L% 3 £7 0-AlOs 2ERE BRD & X ZRDTE
D, RBORHEE, DL END Al LBREOHT
BFID EmD, RIS L L, WERRHEOD
BLSHETHbDLELLN B, M. Promver (35
FOFEFLE LT, 3B core WAKRERD T THRFZE
B, EEENC ‘seed’ & U CIARMEROREEDS, core D
%nm@i?%&bhﬁ,U@L2@®%ﬁ@ﬂ§k3
BITHIRE T OERS, HiE 5N BT LT
BhHEREBE LA, b, ZORDBEEIDZX
feinote. G Brvin Jr. KX B ED, £ B IEIE TR
ALO; 13 7-ALO; X Da-AlOs ZHET BB D Al K

Table 3. Crystallographic properties of various alumina modiﬁc\:ations”k

a 0 1 I3 0 7 /. X . 0
Compn. : : - - .
Al,O3 (Nearly as Al;O3 having a little H:0)

Cryst. ST * « Tetra- * .. |Hexa- 5
Struct. .| Hexagonal |Monoclinic . Hexagonal* |Tetragonal gonal - Cubic gonal* :
Space 6 A3 7
group D 3d ~ CZh o h
Lattice a 4+76% 11°8 * 9r71% 7°94% 8+01* 7°92% 5e56%
spacing b 12°99% - 2°92% '

) [ 55°17' 5°64% 17+86* 235 * 7°73% 13°44%

(A a B = 104°%

Sp. 398 3430 | 301~3°3 ~3%2 ~3°2 36 ~3°0 -
graVity . ) z '/' 2.5
Refractive € =1°760 | ,. . . . 159~ 1°63~
index @ ~1°768 1°66~1"67 | 1°67~1"69 1°65 165

* TRef.(18)
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# & @ £ 51 4 (1965) BoF

ALt ordering 2 L TWi W THS 5 L3R
T TORDEBHBREZLELL LS. '

ERECE VT, B Al E2d b ieBaicsd, B
R AL ERDLVWARBAICD, BESEIRERRE L X,
- [FRgi a-AlO; DN DIERIEZ R D Al,Os D RS
WU &V SEEE, BARNCHL T, M. PLomvzr

Photo. 4. Characteristic shapes of the extracted resi-

dues under polarized microscopy.

X 1600(1/2)
>150°C
Bayerite Gamma Delta
>430°C
——= Boehmite
>150°C
- Gibbsite Chi Kappa .

Fig. 2. Transition sequences of alumina from the different hydrates®

DL 2 T8 QIREARSFE L LA T LIET
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B CREPESES X0 Al ORBEAS T
VDL EDEFORDTF LIS 5. o
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LEEOSFTHREDNT 7208, Fig. 1 OBH
%ﬁﬁ%%bﬁélikl@WCui®ﬁ§Kﬁ
RERFE ST ER DO, KIRKER
AR SNLTV 20 SEET, WHH TR X
huie Al BiERAERRAS, DR ESCRIbIvT
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FEEDE 2 DRI SRV L, HERMIIOY
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BERLELLTS, LROBREENSLRE
FELTOVARWENS Z LEIETES, BEBOL
BHTTLHVIEHFEL TV B2 8. &
DT EVMEIBRER AlLO; B4R L T LA
Z R e BOERIC BRI U < b, HIAEDT
RIEVERASEE TS LV S FEORLD S
BRB.

H. A. Stoman B O U =B HTREE © N2

@ AlOg k;%it LCd b 5. :

Al OERP CTORBERIC I WL T, B#Rh
LBFELRROFELBEETHVNETHS. K
E OB ORI & O IERR O FLEIRIT 2 &0
DT LIBHL VD, TCRIKEREM: ORIE OIS
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RN FERC XD, i DBEORHEER L BRI D
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DHPERENDEVI X5 EDHIIFEL VT
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Al ERREEZERT 5 BT, AR EN D BERAR
Wk XJETHREEREOHELHEL 2L A,
1) 1600°C DAk OYSHRIREE (R RN IS L 7488, 7
BEEBO a-Al0; DSNCIRIBZER Al SRR X

NTWBHZ ERbirY, H. A. Stoman DM TR

VITREDD DI, ThBTMYT5b0LFExbhi.

2) Al BEERBSECELC, C. E. Swvs bbbk
7o AlO 7B HEARME Vbl 5, LROEREE
HeEELIHMFEL<EZLONS. COgE, #if
WA BT 7 v T AR OERIC B 5 R %R
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