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Fracture Behavior of Oxide Inclusions during Rolling and Drawing

Sei KIMURA, Tkuo HOSHIKAWA, Nobuhiko IBARAKI, Shigeo HATTORI and Takashi CHODA

Synopsis : The present study is concerned with the fracture behavior of oxide inclusions during hot rolling and cold drawing of steel rod and wire.

Change in the number and size of alumina, zirconia, zircon and silica inclusions during rolling and drawing was investigated. These oxide in-

clusions were extracted from the steel by the nitric acid dissolution method. The results obtained are as follows:

(1) All the oxide inclusions (alumina, zirconia, zircon and silica) are fractured during hot rolling.

(2) Alumina inclusions are hardly fractured, although zirconia, zircon and silica are fractured during cold drawing.

(3) The magnitude of fracture of oxide inclusions is affected by the compressive strength of oxides.

(4) Furthermore, the magnitude of fracture of oxide inclusions can be predicted from Young’s modulus and mean atomic volume of the

oxides.
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Fig. 1. Outline of experimental procedure.
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Table 1. Chemical compositions of oxides prepared for ad-
dition to steel melt (mass %).

(mass %)

Al 04 CaO MgO SiO, ZrO,  Others
Alumina 99.5 0.1 0.1 --- 0.3
Zirconia 0.5 34 94.6 1.5
Zircon 0.3 0.1 31.7 63.8 4.1

Table 2. Chemical compositions of mother materials for
specimen (mass %).

{mass %)
C Si Mn P S Al
0.57 0.19 0.50 0.010 0.013 0.009
4.02 021 0.15 0.007 0.009 0.001

Steel
Pig iron

Table 3. Chemical composition of specimen (mass %).

(mass %)
C Si Mn P S Al
0.77 0.21 0.52 0.007 0.011 0.001
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Fig. 2. Distribution of number and size of (a) alumina, (b) zirconia, (c) zircon, (d) silica and (e) complex inclusions at the bottom

of ingot.
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Fig. 3. Change in number of (2) alumina, (b) zirconia, (c) zircon and (d) silica inclusions while hot rolling and cold drawing.

F.=1 N5»5 X100 | -ooeerer 1
H=108100| - (1)
Niss
F.=l Noa 1O | ceveeveenrernnernreniioniieiaieniiaan.. 2
c= 108100 (2)
Nss

ZZT, Fyl3BARBEIER, FAIWBBIERK, N,
Ngs, Nootd, ZHZRI1S5mmAEL v b, 55mmERH,
02mmiFFEM 1gh DR AKE X 20um Ml EOBR{LHEE T
H%, 20um bl EORRCIRER AR & U BEHIE, 2R
FEHEA & AR TR 2 U8 2 AL B O WD £ 4K %
<, BEEAVERMNICERRT L ER D THS, T
DB AARECBRIEIMIEEFELIZS L, Kxhiz, Z
DIF|BAHNENBRIEEEBIREL R TWI L 2K T, Fig.

412, BBV OBERR AT,

Fig. 38 K U'Fig. 4956, RDZ &L Mnn» 3,
(1) $XTOBMEH (FTAL3IF, V0raz=y, Y0
v, VU)LY, BEEEDICHEESR, 20BN

%&b,

1.0
o B Hot rolling
p! B Cold drawing
ke,
5 0.5
-]
=
Z
g
£
0.0

Alumina  Zirconia Zircon Silica

Fig. 4. Fracture index of oxides.

(2) BWERETIX, 7AIF, Yray, YUH, D
LT ONEIZBRE X T Rd L,

(3) BREMERTIE, 7TLIFRIFLEAETEZ AL,
() Pna=7, VATV, LY HIZDONTIRERIM
WPl TdBgah, Y UH, Yray, Yira=y
DIEIZBE TR0,

56



4. BE

4.1 BMLHOR S EWIRER)ORF

B % 72 12 EREIZ B 1 5 MnO-Si0,-ALO; % & %1
1% Ca0-Si0,~ALO,(-Mg0O) RIZHWTH 7 A EHH TS
BT, BIEMOBSMENZE, B TIIERRES
B, HRETIRBEELRTWI L8, fEROMFZESI161820
PoRhoTNS, ZZT, Ml TERL 2HEER L,
AEERTH - 2BIEPORMSEP L OBRE2BHE L, 20
R A Fig. SIS T, BAESMEVZEEBRELRTVEY
SERIZ NI EN GRS, HI 2T, SIS aFx
KWEEOBILHOBIEEEICOVWTIE, AL IdRE 5
B TERTIVLERD S,
4.2 BMLHOWIBRER)EBLWRE & ORER

Fig. 6 1ZFE4E, iR eh o SAHHENT IE 12 B h 7= BB (L AT
ZH OB AT, BEELERD 5.5 mmERM M T,
FTAIFE VY HBIRTRRICHEIB I h T 5, Wik
Bk 348mmfER KU1 2mmEOBMM@E TIE, YU
HADFRTILIFTEOBFEBEANHKRENI L2 S,
IhoDEEL, MIPOMHMABIZRETIRNBLY

Alumina O Hot rolling

1 F ° ® Cold drawing
[&]
L;i Zin Zirconia
£ con
% Silica .
E 05 o
g e O
= o

0

1500 2000 2500 3000 3500

Melting point of oxides (K)

Fig. 5. Relationship between fracture index, Fy, F. and
melting point®? of oxides.

FEEE, fduigrh ORLMIRITE DOBEHEED

BALHOBRABEICRE SN LEALNS,

72T, MIhOEHAEICRE T 5 EMES N 2 HRE
KHIck kw7, EEEHOAEERE L MBI, BL
W — kA T 0D 57 T I B 5 1 B TR O BR L D R
IZHARTIERINE L, @M e, RES 50X
B AHETIEABEL, ETHRATREEL TS EEZL,
At 5 RATEMNIZEREIS IO AAMER T % L BE L 72A
5TH5, ¥b5A, WERSIPHMIE & EDMODIGH
ROV TRET3Z2 213, KDRBEOBWERD:ZYD
IZRETH BN, ZZTRFbEL 572,

B ERED AT T, Komori 5 229(Z &k 5 3 RITM|¥EH:
HIREZMAT Y 7 + SIMURO (Simulation of Rolling) % >
T, UTFOESIZEFMMEL 7=, B RGE S % EHE o —
AFTBOFMEX45mmE LU, BRAENE, #xdFR1/488
5 % AR ER S, BERS500L L, SMVEE, $it
EAEH, ©— - EOREBGREE, Thith, 173K
¥—, FHORT0.8% C& L THRD 72l 250 MPa, 0.5 %
7=, SItFOMREME, M) BSkFTEE skt T35
BT, 19mmBEDE M % 17X 19 mm & P 12 1T
THHADu—LIREFELC L L7,

SR OBITIZIE, 2R FIRERET Y 7 b
ABAQUS Explicit # FIWT, IFTO &S ICEF ML 7=,
R RZER D IIEE | 2 A AFHROFME 14mm & L, Hl
MNE1285 2 EHRK170012 78I L 72, SMEREDIT,
EEEO Mg % BRI B B IRABRICH U TERML @
4000MPa, ¥ 4 A —BARIDEEIREIZ0.06 & L7z, &5t
OWEEMEIX, AERTHEHAL ZEZRAHMERICHENT
1.176 mmED#HH % 0.959mm BRI & T 544 2 L[HE
—& L, 427 Fu—FHE, XTIV IRE, 77
O—F/ R7Y) v r0a—-r—-¥E, £4 X%, ThT
#12°, 0.0603mm, 0.5mm & L7z,

Tk, BBEEEROBITFEFLORYEIZIOVTIE,
Komori 6 2290 X T+ARET Eh T\ 54, iR

Steel size

5.5mm-dia

1.2mm-dia

Alumina

Silica

Direction of rolling and drawing

20pm
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rolling and drawing.
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Fig. 7. Calculated distribution of y-direction stress in steel rod during hot rolling.
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Fig. 8. Calculated distribution of y-direction stress in steel wire during cold drawing.
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B Oxides used in this study

400 g Alumina

mullite; ALO;SiO,
300 Diopside; CaO-MgO-28i0,
)f - Zirconia Cordierite; 2MgO+2A1,0;5S5i0,
200 lL MulliteO Gehlenite; CaO+2A1,0;+SiO,
/ Cordierite | Anorthite; CaO-ALO;-28i0,
| Diopside o %Geh]enite Wollastonite; CaO+SiO,
100 ‘ Zirconl- C |
[ Silica Wollastonite]
‘ Anorthite {
0 l | s i
5 6 7 8 9 10

Mean atomic volume (10'6m3/mol)

Fig. 13. Relationship between Young’s modulus and mean
atomic volume of oxides.

Table 4. Molecular weight, density,>® number of atoms
that compose oxides and mean atomic volume of
alumina, zirconia, zircon and silica.

Molecular .22y Number of atoms Mean atomic
; Molecular . Density
Oxides formula weight 5. that compose volume
(kg/mol) kg/m)  oxide (10°m’/mol)
Alumina AlLO; 0.102 3980 5 5.13
Zirconia Z10, 0.123 6100 3 6.72
Zircon  ZrO,*SiO, 0.183 4680 6 6.52
Silica SiO, 0.060 2650 3 7.54
10 re Alumina
[9)
L‘i Zirconia
¥
g [}
S05 ¢t
g Zircon ¢
151
E Silica ®
0.0 L .
S 6 7 8

Mean atomic volume (106m3/mol)

Fig. 14. Relationship between fracture index, F~ and mean
atomic volume of oxides.
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