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Iron during Heating in Oxidizing Atmosphere
' " Hikoya Iwa1, Bunzo TsujiNo, Shigeteru IsA and Takeo Ao

Synopsis:

In our previous investigation of the behavior of oxide inclusions in steels during hot-rolling, the
specimens containing uniformly a certain amount of specific oxide inciusions were made using the powder
metallurgical technique. These specimens were somewhat more porous than those manufactured by
melting. When the specimens with high porosity were heated in the air, complex oxide inclusions
were frequently formed in those specimens, because the oxide inclusions inserted were combined with
the iron oxides which were formed during heating. . This investigation was carried out to know how
change would occur on Al,Q3, TiO, and SiQ. inclusions in the above specimeris,

Consequently, Al,O;, TiO: and SiO, changed easily into FeO-Al,O; (Hercynite), 2FeO-TiO,
(Pseudo-brookite) and 2FeQ-SiO, (Fayalite) respectively. Particularly, the complex oxide 2FeO-TiQO,
was identified by various experiments, since, in our previous experiment, it could not be identified by
A.8.T.M. cards. Furthermore, the rates of formation of the complex oxides were measured, by means
of the X-ray diffraction technique, on the basis of the diffusion reaction between particles of the
powder mixtures: Fe, Fe;O; and simple oxides.
complex oxides was also calculated and discussed.
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Fig. 3. X-ray diffraction pattern of complex oxides
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Table 1.
of sintered 'specimens.

Chemical composition of powder mixtures and X-ray analysis

= - x
; ?,%r)nposmon of mixture X-ray diffraction pattern of sintered specimen
No of ' Expected : ]
Speci ) - Intensity of some peaks for X
Specimen | formula FeO TiO; Identification
1D (440)
1 i 2F20 - T1;0; 50-0 50-0% ilmenite, anatasc - : —
2 £:O2F£89'fi02 640 360 | X, ilmenite(weak) | 32 13
3 — 650 35-0 X 36 . 12
4 — 66°3 33+7 X 34-5 } 12

* The titanium oxide was calculated as bei‘ng Ti:0;.
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Table 2. Chemical analysis of sintered specimens.
No | FeO [Fe:O3| TiO, | Total T.Fe | T.Ti
(%) | (%) | (%) (%) (%) | (%)
3 | 5748|958 | 33:67 10073 | 51-36 | 20-20
4 | 5784 1868 | 33-17 9969 ; 51-01 | 19-90
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EOTRICHETT D HDLEEZE LTS, ZOHITDw
ThE, AREBRICHBEWTHLMICTH L ENTEL,L DR
P, ZNICEAT A E T OBLEAETHND.

DLEoZEEFR 5, (1) TRLZX 5% 2FeO-
TiOy 1Zxf3 D4 B S ORI ORISR IC L &5 <&
b= 2o F—%, ArRuENius O, (7) REHWT
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Fig. 6. Relation between calculated value using
Jander’s equation and reaction time
(A specimen).
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Fig. 7. The logarithm of the rate vs. the reciprocal
of the absolute temperature (A specimen).
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Fig. 8. Relation between the amount of complex

oxides formed and reaction time

(B specimen).
EROARLEE LA v ¥ —0Q L DTz, (8)RD
BIRPIFET 5. T o AREREEER, RILTAY
T 1'98cal/mole °K TH 5. EBEMODENL, -—
0°670x10* TH5H5, Q=0670x10¢x4-606=30'8
kcal/mole *7/1%. ZDfilifthe spinel B SEE{LD
DOEHIL L Z L F - LRI LC, T OEREREZEE T
2LFZHLBDEF LS.

DEI FeO & TiO; 56 2FeO-TiOy O4LRKE G,
T bbb BRIEHHZ DWW TR 2177 o7z. Fig. 81t B
BB O£ FGEE IR EZ R T, ORITIZ ARG 0%
&Lt T 57T, Fig. 5 ITR Limghis s — S5
TPREL . EFXROTFERICIE, FeO-TiO, AR E S
PRR U7z, 2o BRIGUEHC X 54 pGEERIZE TS L T
AN DR 7o X 512, FeO BEETR BETH i
WHERB R, CBERTSEE1N5E A0
NT oy RPBETH. 1 LTERERD FeO &
Fta 1000°C THERK L7c & & D 2FeO-TiO: K EIT
HUT, £S5 BED FeO »& Lol s IR THEK
L7c & &L, TOERENK 90% IKH L. LicsD
TFig. 8 AR L -Bhf8IE, ZOH2EFHIEL T plotL
HDTHD.

M2 5% & 5 I BRGENT S & 3 £ RGRE,
ARGAEIC AR TEL, LA CBRBESERVEEL D
EBKELLSD. Thbb FeO-ALO; DFEED & [k
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ig. 9. Relation between calculated value using
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JCPEFTT D DTV EVDI ZETHS. £ LTHA
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flusion T[T 2~4 {EHWDE Wb TwnWg . KE
BRIz LT, JannEr OIS T DE5 S sur-
face diffusion = X 2T, & DEDES 1L volume diffu-
sion (XD TENFNAER FLIGHETLE D LB X
HLERTED. DX S5EZDE, BERIREN
EBWE I ATHAERED 80% LL L3, surface diffusion
WEDTAERSIND OICH LT, BRRE NS
A& DS 50% LLF T volume diffusion (ZZi4>% &
S —RAEY LBEIERERCR N EIND. Lol
iz oWt Fig. 5 XX Fig. 8 izl dk5ic
FEARURBEDMERVE &, B oA ks e v
FeO -TiO; DK »3, 2FeO-TiOy DD H VI LT
BWETHDOTE L EEZD L, LROEEL G
FRLDHDITH DD, ThIIBERLHEETH DT, KRE
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HEmiAs LT E LD,

3-4-2 2FeO-SiO; iz 2w T

Fig. 1l I &EENRBEIC R 4 E o & EREFHE ¢
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Fig. 11. Relation between the amount of 2FeQ-

SiO; formed and reaction time.

EDITHIM (3-5min ¥C) DAERENKE L, D%
ORFERREIC & D7 5 R BRI ORI X b T/
Ve TN LCERBIA DI S 1, HE BRI
THNAOABGERE VLRSS, Rl & & ISR E I

L, BERURERESS 15min 12785 &, 900°C D& &Ry
T AHADEAREDIZS BRELLS.

SiO¢ 1 Fig. 12 iR LAIREERO 1 X 5 &, HIRT
LERIEREIX « quartz & a cristobalite "TH b,
amorphous SiO; E—fRICAREETH B EFELLNS.
L30T E (&EEE L) b 5 EIoH S,
amorphous DE 9 HSKE L, BERMIHD fayalite 4 ff
RES LRI ERE VO, ToX S BEERIED ESE
DEHZFE L. Ur LEEREREEME & b2, quartz %
SURBOABEEDIZS 25, PAOTKRKEL LB E
DWW, BBRERBENTE Lok,

B. G. BALDWIN I N DEERIFEDD T,
lite I DF@hs (1205°C) ITFTRSF © BEi»sE
HLOTUPE L, BHREORIGTINEERT 5854, F
THRFREC fayalite ORBPEREND L, L DEDHE
BT D ESARBREYTS. Thd 2 o Rz
EE L THAERBEOEMITITEAEL L E BT
Wh. ZLTZOML s o7 OFEREER S Table
SIART. REBRIISOTHHALBBOBEAIE, LR
I Z ORISR D SN, Fh0X S IcERBAI L 3
R, TNRERLLSEMERL.

Table 3R L7z BALDWIN DZEBFER L AKFiagtR

faya-

1800 } 1713 G (s)
S
1600 k 1570 ﬁ-C(S)
T—_js
.—'g_z. ._T(_U)_ H 1470 ____________
1400
fu%q
[Ealo’a BN - I N R
oww 270 VO
o £-Q
e  _____8m0 Bk = = =
S 800 |
né B-qls)
2 600 | bt g 573
2(u)
400 i
“@ R 275
200 ER 163 |- t==ay
.H_.__ -2 a-Cc(s)
o LRx-1w "7

G : Silicate glass C : Cristobalite

T : Tridymite Q : Quartz
(S) : Stable (U) : Unstable
R : Rapid change, S : Slow change,
SS : The slowest change

Fig. 12. Phase diagram of SiQ,.

Table 3. Relation between the amount of fayalite
formed and the reaction time or tempera-

ture (after B. G. BALDWIN®).

Reaction temperature : 1100°C

Time(min) | 5 | 15 | 30 | 60 120[ 24hr
Amount of ‘
fayalite (%) 35 40 | 40 40 40 ’ .45
Reaction time : 15min
Temp.(°C) | 800 | 900 | 1000 | 1050 | 1100 ‘ 1200
Amount of i ‘ |
fayalite (%) 5 10 ! 25 35 40 | 95

Table 4. Effect of particle size on the formation
of fayalite (after B. G. BALDWIN®D).

Reaction time : lhr Reaction temperature : 1100°C

Particle size (p)

152-105105-76§76-5# <53

Amount(g/f)fayalitc i 3 3 45 ; 50
o !

BT 5L, RMUBEREHIHLTEAERIIISVTE
7= fayalite 2EfR &3, WA KEWEEZRLTVS.
CDRS I ZRPECEHBD 1 D& LT, BaLpwinys
KRB WICIRABROREX 76~53p THDO/DIT
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Fig. 13. Relation between calculated value using

Jander’s equation and reaction time
(Specimen B) .
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BEOREE, HEINELAVEZZLNEN D, Th
5OTHEBIC BT HARKEDE T, Batowin 53 FeO &
SiO: GIREWFEE Vv 7ok LT, FEE DI Fe,
Fe,Oy & LUt SiO: DiREHREFI VI &IZkE
FLTVvEbDEEZSL. Thbb(3)RREITLED
< fayalite o4EKIE, FeO & SiO; B> B DA BT
TREPRAESTHD. ZOLS LEMEERSICKD
hercynite 4 fRIC BT % EHORLFTR D pseudo-brookite
AR BT A EBERIT BV T LD LN TWH DT,
—#%1z FeO & UiamithotBiclL T, o
EREHSPICHFEETHEVH L ENTES.

2 EC Fig 11 050 L AR ROREE Ak 2%, PERFERE
NTVHEERIGEA T 505 pafsi L. 3B
7> B ORI VTN OEERIC b Lo hs,
FLA X AR50 Fig. 13 1051 X 9512, JANDER DI
X g LI, £ 2T Arruenius OREFWT, T
DEEEISDEE(L T A v EF — &Rk THic. logK L
/T *oB&EeR AT EC X DkoXAT 5 L Fig.
MOX 5k d, TOEBOARE —0587x10t TaH
7, Q=0587%10%x 4 606=27-0kcal/mole & 75>
7z

BALDWIN & %73 D) T QA RRIEIZH ¥ DiEtE(L = 4
PIOFERIZXD & 18keal/

VX = ZRD T DA,

AN

S

Log

\

7 8 9
10°x VT (°K)

Fig. 14. The logarithm of the rate vs. the recipro-
cal of the absolute temperature
(Specimen B).
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te OEFEREE oA UT HBHI b, ikl
VL spinel B H T, HFHE a0=8499A 7%
H D EHET LTz
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bz AT 554, FeOL STl & DiRGHHR X
D%, Fe, Fe,O3 35 XUEEMLI D BIKHIREHRIC
LHERDITINDIEDLPILESHTHD.

(4) pseudo-brookite 7 pGHELINENE, BERK R
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OFU L WHT B ARBICOEE T 4 ovF — 13,
Fe, FexOy 35 X0 TiOz IRATHIARD H DA DH; (5
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The Extraction and Observations of Large Inclusions in Steel

Synapsis:

Haruo SHIMADA and Tadamichi TAKEI

(1) The electrolytic extraction with 59 Na-citrate and 109, NaCl electrolyte and the subsequent
treatment for purification were elaborately studied and was established the procedure for the complete
collection of large inclusions (over ca. 104) from the steel specimen.

(2) New methods were established for classifying the extracted inclusions by size, determining
the composition of a particle of inclusions and observing the inner structure of inclusions and others.

(3) By utilizing this new method, the distributions of inclusions in the ingot and slab, as well as
their size and composition were determined for rimmed, capped and killed steels.

(Received Feb. 5, 1968)
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