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On the Behavior of Several Kinds of Oxide Inclusion in Steels during Hot-rolling

Hikoya Iwal, Bunzo TsujiNO, Shigeteru IsA and Takeo Ao

Synopsis:

The present investigation was carried out in order to obtain some fundamental information concerning
the influence of non-metallic inclusions on the mechanical properties of steels.

In most of the investigations performed by many research workers on the subject, the steel specimens
were prepared by usual melting procedures. In consequence, such specimens contained many uncertain
factors, affecting the mechanical properties of steels, and making it considerably difficult to investigate
the influence of inclusions independently.

In the present investigations, in order to exclude such difficulties as mentioned above as possible, steel
specimens containing uniformly a certain amount of particular oxide inclusions were prepared by powder
metallurgy technique.

These steel specimens were hot-rolled under the following conditions: the rolling temperature ranges
were 1250~1000°C and 1000~800°C, the rolling ratio was 1/5.

Then, the change of inclusion in shape, composition and crystallographic structure during hot-rolling
were observed.

In the present experiment the behaviors of Al,Oj, SiO;, TiO,, FeO-Al;O; 2FeQ-Si0; and 2FeO-
TiO,; were examined.

The main results were as follows:

(1) AlO; and SiO; inclusions having the particle size of 105~74 pz, showed fragile fracture, and
the degree of fracture was increased in the case of lower rolling temperature.

(2) Those complex oxide inclusions whose melting points were nearly the same as the rolling tem-
perature were deformed plastically, while some others, whose melting points were higher, showed fragile
fracture. They were possibly more fragile than simple oxide inclusions.

(3) The crystalization of amorphous SiO; was accelerated by surrounding solid iron, and most of
Si0; inclusions were transformed to a-cristobalite.

(Received May 8, 1968)
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THEETI %, BWME He 52 (99°97%) FEK
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¥ XU Photo. 2 12773 . Photo. 1 i3ho/E, HEEE% 3 (@
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FHZAW % ILE ORE O BEME O 21T, S5
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&

AL O3 (% 100)

(no etching)

/7

Si0; (% 100) .
Microstructure of the repeated pressed and sintered steel specimens containing simple oxides.
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= TOEBEELHBREL TW5B Z &2k, FEME
B SiO; 1375 h DR ASERILIL, TOXRIE a-
quartz Tt ED  a-cristobalite AL T
W ZOIERE SO OHEMAES LS LIcET S
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FeO-Al, O3 (x (100)
Photo. 2.

(6/7)

(no etching)

2FeO-Si0, (x100)
Microstructure of the sintered steel specimens containing complex oxides.

2Fe0-TiO2 (% 400)

— 923 —



1040 &

% 54 £ (1968) H£9% -

LTW3 0T, NEROBRIEL2R LT 27zbic, 3
FEITH 0°5mm [EX D 18-8 27 v A MAFIHTE %
L.
2.3 SEBORBELE

i L2y, EBRAN B RIEER T,
o —UtEE 200mm X 200 mm ¢, FEEEHEE 10m/ min T
O — VI H R —F —TH 170°C T FEL 7.
SHEHI 2 ETFoREL, | OWRFEERE 1250~1000
°C (B ScHE 23 %), Ik 1000~800°C (B
ST L 2D 5) TEELK. 7KL FeO-ALO; &
2FeO-TiO: &Lk, BWADIES> % 1350~1100°
C, {EEDIF 51 1250~1000°C TL I EIELE L7z,
FEIEHERE OB LIRS CHIE L, IREHEO TR
FCHEI N E SEMEETE Ok, L3O TEE
FRERR | >oskHc > & 30min ThHok. Ik

S OB A& FEEERROBIER L b 10°CE R

BT, £hZi 30min FWEGRREL 2.

FEHE S 2 AL LD T, EEKTHROMEIOW
Eix 2~3mm THo7.

2-4 BEFEEONEDICHTIUBEIURE
JEIE O ERNY, 3 OMiEo~TEERREL, 2
VWSS X D BEMESEISE AR 2RO T, EES
%6 X O NICEA SR OMTE OMBEEE L. &<
CRALENEDOLEROIRE, TitbbEoic {4l
LTwinvds, FEMREEL TV 5255 WITEBEER L
THARTIE TV B 0575 SR DWCHEMICEIZS L 7. 2B
W Ui N EmoZLER &z, T. Mawkiewicz & S.
Rupnik HSEASEEHONENOLERICET HERD K
BEWTHRLOVW A RALTTERECHKE Y, TR D
v % sk T BT L 7.

¢i _21In2 2 log2_2 logb/a
€s 3 Ink 3 logh 3logF,/F,
Mgk & AFEW & ORI AR E 27T 8
%
NEWOEE
koL E
a: FEREONEHOEESHCEZFROE
)
b: EEZEOHNEMOEELFOEX
Fo: $EEUR 0 EIERT ORI L
Fy: R0 o EE# O AT
v > 10 gk X Y NEWMDOERDIZ S BKRE L,
ZTDOEEBECI W THEDOTTEBESKE W L ETR
L, AJ¥EO/RNIVWAEMIEE v BN L{d. i
O X5 R TERD L RERED S HITIERS M
SODDT, TrAEes LTRBEHTHEEEZLND.
D ELLAAPOBRI» S, TROFETHEDOER
M E TV, (RESH, XBREIFICX>TErh bz
EL 7.
FfizFE: Koch-Sundermann 7§
TfiEWE: 8%NasCeH;0;-2H,0+ 1945KBr+0-19%KIk
B
THEE: 15mA/cm?
XL LHEBORBICOWTIE, XE<A4 07+ 54
F - XV, NEWROMBES I 2T, EHOFM
oV TR L7

3. RBEBRBIUEER

3-1 FREORBRER
LB EIEFE R D% Table 1iZE & DTHRT.
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Table 1. Data concerning hot-rolling of the steel specimens.
Rolling Dimensions of the steel specimen
temp. Kind of . . Redu-
Mark inclusions Before rolling After rolling ction e
°C) Thick | Width [Sect. area | Thick | Width [Sect. area
(mm) | (mm) (mm)2 | (mm) | (mm) ( mm)?2
AH [1250~1000 Al,O3 13-7 214 293 2'6 247 64-2 527 0-660
SH % Si0, 13-2 211 278 3:0 252 756 4-41 0- 566
TH ” TiO; 12-8 21-1 270 1-8 252 45-4 7°12 0-774
HeH ([1350~1100] FeO-AlO4 10-3 20-4 210 2-3 25'0 57°5 4-48 0563
FaH [1250~1000| 2FeO-SiO. 10°3 20-0 206 2-4 22:0 52-8 4-29 0-591
PsH [1350~1100| 2FeQ-TiO; 10-2 20-4 208 2-4 21-0 50-4 4-26 0-616
AL {1000~ 800 Al,Oy 12-9 21-1 272 3-3 24-8 81-8 3-91 0-522
SL 2 Si0, 12-3 210 258 2:9 24-8 71°9 4-24 0-555
TL 7 TiO, 12-4 211 262 2-8 24-8 695 4-43 0-576
Hel. [1250~1000] FeO-AlO; 10-3 200 206 2:4 31-5 756 4+29 0-436
FaL [1000~ 800 2FeO-SiO, 10-3 20°7 213 2:4 24-0 576 4+29 0-568
PsL.  [1250~1000] 2FeO-TiO, 10-3 197 203 2:4 22-4 53-8 4-29 0-583
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il
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M2 F~7-. R % Photo. 3 R L 7S, AE JEEE U 7= 50 0 B AN SFAT 7 B RS 5 47
H  EMOEER Photo. 4 WiRL7E. KB L LEENT

Porous (x 100) Compact (x100)
Photo. 3. Microstructure of blank steel specimens after hot-rolling.
(longitudinal section)

AH (a-A1203) AL (CI“AIQO;;)

© e

SL (Si0,)

-

1

Y 3 . - ne

TH (TiO;) (% 520) TL (TiOs)
Photo. 4. Microstructure of the hot-rolled specimens containing simple
oxide inclusions. (no etching) (longitudinal section)
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(%X 520)

PsH (c)
Microstructure of the hot-rolled specimens containing complex
oxide inclusions. (no etching) (longitudinal section)
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Table 2. Chemical and X-ray analysis of the residue extracted electrolytically from rolled

specimens.
Wt. of Chemical analysis (%)
Mark residue X-ray diffraction
Al,O3. SiO,
(mg) FeO TiO, Total
AH 39-0 ‘ — — a-Alumina****  Hercynite**
SH 35-0 — — — a-Cristobalite****, a-Quartz***
TH 36.5 - TigO]f,’VTiq,O?**, Rutile*
Al Oy .
HeH 161.6 74-17 20-27 9444 Hercynite***, Wiistite**
SiO;
FaH 59-9 72-84 21-05 93:89 Fayalite¥#¥*
TiO;
PsH 136-7 6238 36-23 98-61 Pseudo-brookite®#* ~ Wiistite***
AL 34-9 — - — a-Alumina***¥  Hercynite*
SL 295 — — — a-Cristobalite***, a-Quartz¥***
TL 29-5 —_ _ TisO]5~Ti407**, Rutile*
Al Oy
HeL 95-8 56+25 36-89 93.14 Hercynite***, Wiistite**
Si0;
48-2 71-47 2255 94-02 Fayalite***, Wistite**, «-Cristobalite*
TiO,
PsL 662 56°52 46°84 10336 Pseudo-brookite**#*  Ilmenite**

®4x% Strong, *** Medium, ** Weak, * Very weak

Table 3. X-ray microanalysis of the different inclusions in rolled specimens.

Composition (%)
Specmens ﬁfg]t:ﬁ%f;lthc Complex oxide
FeO Al,Og or TiO;
HeH — 40°0 25-0 Hercynite
HeL. — 40-0 31-0 Hercynite
PsL. — 51.5 40-0 Pseudo-brookite, Ilmenite
a 560 29:2 Pseudo-brookite
3 . . Wiistite .
PsH b (matrix) 68-0 2-8 Pseudo-brookite }eutectxc
b (nucleus) 56-0 23-0 Pseudo-brookite

Xfv4 207574 F-RIXBHHERIT, XiEE
HFOERE XL —FH Lk &< Photo. 5 PsH(b) i
RLIc & T AORRANEDL, BHEKEEL T HEER
75 2FeO - TiO, TEHIL FeO & 2FeO-TiO; DIGHT
HBHIENT O ORERP LB LD

3.3.3 FEMAEKICEENDIEGE SiO: DOZRE

Fih X H RAEBRICH W, SiO: AEM OB
WE LT, JESVE SiO: 2#fAvic. L LSRAEIOBHE
i, Fig. 1 (a) OXMEMRRICART IS5, BALK
SO, O His D DED a—quartz iTH{LL , £ 72 & OFFE
DOEFEIEBR T, Fig. 1 (B)RABND XIS ZE
O a-cristobalite OLEFEMBRD L. T HD Si0,
DEICOWT, FEROEET TREKLIEL R
EINTWAZEE, BEREELIEERERZLALR

LThBIbrrbb TR LOBEBRLD I ERE
g R DL, BOEREZREDEL TR 2B LA
FRICERE B LNRA. FZTZOARIEAL To2EF IR
RBHXIBMRERE TV, OB ZmMAT.

(1) I EEKORE

SAEE DHERE VY Ho. # AT, BEEEI AR TE
NENFTL27DT, ETMEAFHIIC X5 EEEH~
7e.

PRBCIA L 72IESE Si0: MU DE TV T
K — b A, BLEFHASIEDO K I GO Hy HA
fC 1250°C iz 60min RHARZMRIFL, ikl X OEME
WEESIME ORI, Ar FRHLVEARDRT, &
$iz 1250°C, 6hr fBMRIFL 7o WEMEXREIHTI X
STEMMLORELZFA. BohXREifilkz, &8
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FKiw20°7 kg/ecm2 DENEIMZ D5,

% v AEH(CO Tk 5 ETHEFTERR)

=, 1250°C, 6hr jn#fERL, X {26

e X > TRER &ML, Fig. 1(e)

W oRMB O X BERERT. (c)o>

ERICHNTHRILRIPRPEATV D &

Bon 5, ThidmmsiRisssisk <
HDOTWAHIELXDHDEFZ DI,
AVE X 5 REVIRARE TR BE b Tt
V. Lo LEREIEZE DR 0 & T 7 & 15
FELIElDH 05~10t THoOkrD
NEEDE & D ERE TR L S5 LD
HKECFAVWIEN I D IEEPICKE T
i o7 EHEEE X, ZOFEBNLIT
SR L OONE D O REZ B 52T

BT EMBTELIDI

(3) ElkgkdFoLE

MM E L TD SiO, b, HICE gk
LHFLTVWBDT, SiO: NEMDZ
REICxt T A EEEGOFE SRET T 5 LI
PH5.

Fig. 1 (a)3 X O(b)iE, Wi HE
Rk & IFEL TV B SiOy OZERED KAE

HRL72bhDTHY, Fig. 1 (e)BIW

(AR L reatbhic e TRE s b DR
R B ImkE . EARRO X 5 ITE
TTH: R SANEL A 177 D 7o ek O SR

g
S

" tiend i el

}:(j-ray -diﬁ'racti;)n
heat treatments.
RSB O S O Fig. 1 (¢) 12, Akl XUER
{LHEEFSHIEORENIIT E A LR U X o Rz
DFcHd, itk Fig. 1 (d) @xnthmd. wiho
$4 b a-cristobalite IZZ{LL TV 543, &EITHFESK
IBAIC K 5 & D& OFSALOBEMSFEL < RSV @
JUHE SRS T O SRR B I s JE T RN
THEBAOEROC L B &, SiOp WEITH: IR INEL
CEWT, D LEfs SiO KELINS X5 RREH
AT HORMIELE I NS LT 5.

(2)  hoEinskofes

BARV A AE cp O SAE T DEEREVE, AT OZE EE
AbN5OT, Si0; OFERRITKT % I ORH %+ 3
AL, WKL ORMERICASEZ Hyv, SO ¥

t

Fig. 1.

patterns of SiO. inclusions after different

¥rep o SiO, 13 a-quartz [CZEAE[Fig.
1(a)] LCWBDITXL T, Z Ot
Bla X S B IE U 7o 3854 iy s
a-cristobalite 4K [Fig. 1 (b)] 58
DN, FITZOHEXPELPITTH
7z, Fig. 1 (a) ofptil & FkoBiE CTEER L
ke, Ar H ARTCEERE BTR o X S5 ChngFAZR KN
pit DA LB L OB S & Tk, SiOp DZERBIT LT
TEEICH L TERSRED LN VDT, SR
DOEEL B < 7o R RESNELE L72) Ui,
fho Si0; AR L T X SRR A {7 D7 &
z %, Fig. 1 ()R T X5 uEEAELNL. 0
LT ABD a-quartz BREIEL TW5H 23, AERoE
a~-cristobalite WZE{LL Twiz. X510 He FHEKTHEE
LR 2, £ % OZAMT IS TH VW 7ongig
& FE D7 L FROMBYRE D A AT L T (7272 LIngk
FTHESIE Ar A L L1, SiO; OZEREDIRAEZHET L
fol A, Fig. 1 (g)UFRT XHOITHHYED «a-—cristo-
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balite &A% H7, (b) DAL 7 X RS
RrE B iz, T o cristobalite 1, Bk SRR dhC,
quartz IWZRET 5 C &7 < JEFAE TEED T :8i0; 23
T ORDOMBBRTHEMEL DD EELONS. /-
Fig. 1 D(b) & (g)# L ThEsHbics 3 28RE
JEEFRIT 35T BOIE N O EIITER T X ot

s, T OEEEIERFD cristobalite £ ICH LTI
SRR R T TIES L L T i quartz 25 DZERE
HEAENDDT, NLDa-quartz (T Merck &)
EIRAL IR 2R L, 2. 3SHTHR~ I HETE
RUEIEL 728, ZONEMOLEHUD FH 2 F < 1o,
Fig. 1 (h)IWR3 & S5 A3 cristobalite 12%h
D7, KERG D quartz LML L A p o7z
LR ORE»D, #HhNEDE L THFETS
JEERE SiOp 1E, 1250°C 337 DS FE HE BRI 35\ T,
NEWE LD E HEKIT X D X ORERILITEL <EES
ho. ik 2B CEFESIBOEAE  a -cristo-
balite ICZEREL, F BB EASINEE F T B5HA1C
iXa-quartz WLRET 5. ZOBAEDBZTHETN
REDERILICH L TFEA LB R RIES RV EWD
T LA IO

mk, TG OZREEIEIC BT B g R0 iR
W, AERTRfT b, o7.

4. %

WMRESHEEZER L TR L 285 B A LA
TOBLMBNEDCEL T, ShRIAETEHROED) % i
L7cHER, DF0 L BRLBHEL TR

(1) BEoBm BE—EgtmRAILod, KE»H 105
~T4p, JEFECHHY S DA, MEMETEE L CRE/ ASELE
F A SEMD D, T OEFEEERE OFEVIE S

Jfil

BELLARBRLT EMNEDLNI.

DHDRIT LA ERPBEINL V.
(2) SiOp 13 ALO; IKHNRTH AL, FEUEMLE I

WEND oD /MBS S45ECT HIEMMBERD bhi:.

(3) RbAHEMEERE RV EAB LD RAED
V, BT L CHBRICEUNS.

(4) BEBLWEE—BLMTHE_R TR T
HY, EEAREEEITSCTV.

(5) RN EME LHET 53ERE SiO: 13, B4H
EEBRICRVT, BAEOHEIT X D * Ok R LA RE
X, 1250°C 3K D FF HE DI A 13 K Ef & 25
balite WL L. ZOMETAOKEIITEALZT
AN

FICREEAS 44p BUF

@ -cristo-
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