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On Behaviour of Inclusions in Steel which were Deoxidized with
Manganese, Silicon or Silicomanganese during Hot Rolling.
(Deformation of nonmetallic inclusions in steel during rolling of steel—I) -

Iku UcuivaMma and Masae SuMITA

Synopsis: .
This study was carried out to get fundamental mformatlons on nonmetalhc 1nclus1ons in
~order to make clear the relation between nonmetallic inclusions and properties of steel. To
study the behaviour of Mn oxide, Si oxide and manganese silicate in steel, electrolytic iron was
melted in a high frequéncy induction furnace with varied addition of manganese, silicon
or silicomanganese. Two kinds of rolling temperature (1250~1000°C and below 1000°C) and
two kinds of rolling ratio (9 and 36) were selected. X-ray probe microanalyser was used to
identify inclusions and the eyepiece with micrometer was used to measure microscopically
the quantity of inclusion deformation. The results were mainly as follows:

It appears that inclusions are classified into two types according to the course of formation,:
size, composition‘ and distribution, namely: large inclusions (5~25p) and small inclusions
(<5u¢). Quantity of inclusion deformation increases as the volume of inclusion increases and
folling ratio becomes large. But the proportion of quantity of inclusion deformation to that
of steel deformation decreases with increasing rolling ratio. In this experlment inclusions
except sulfide, Mn silicate and silica are easier to deform at low rolling temperature than at
high rolling temperature. In cases of sulfide and Mn silicate, the quantity of deformation
is large at high rolling temperature. Quantity of deformation of inclusions which is produced
by manganese deoxidation increases gradually with added manganese content. Quantity of - -
deformation of inclusions in steel deoxidized with silicon increases rapidly with added silicon
content, but it 'decreases rapidly as soon as SiO; begins to form and they are scarcely defo-

rmed by rolling.

depends mainly on that of manganesesilicate.
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In case of inclusions in steel deoxidized with silicomanganese, the quantity
of deformation increases with increasing added sﬂlcomanganese content

This deformation
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Table 1.

Chemical composition of steel ingots‘
deoxidized with manganese.
C | Mn Si P - S
MH! 0°006 |  nd 0°005 nd 0°004
ML 2 0°005 nd 0°005 nd 0°004
MH 3 0°006 0°057 0°005 nd 0°*005
ML 4 0°005 0°045 0*006 nd 0°*005
MH5 0°007 0°33 0°*005 nd 0°005
ML 6 0°006 019 0°004 nd 0°005
MH7 0°010 0°95 0°005 nd 0*003
ML 8 0°006 1°25 0°004 nd 0°004
Table 2. Chemical composition of steel ingots

deoxidized with silicon.

C Mn Si P S
SH1 0*005| nd 0°002 | 0°006 | 0°002
SL2 0°007 nd 0°002 | 0°001 | 0°004 .
SH3 0°*005 nd 0°007 | 0°002 | 0°004
SL4 0°004 nd | 0°003 0°001 | 0004
SHS5 0005 nd 0°037 0°001 | 0°004
SH7 0*002 nd 0°05 0*002 | 0°005
SH9 0°002 nd 0°07 0°002 | 0°006
SHIt 0002 nd 0223 | 07004 | 0°004
SLi2| 0°003 nd 0°133 0°004 | 0°004
SHI13 0005 | nd 1°048 0°002 | 0°004
SLi4 | 0°005 nd 1175 0°002 | 0°004

Table 3. Chemical composition of steel ingots

deoxidized with Silicomanganese.

Re Mn 1 &.] P s
SMH1| o0-002 | 07019.| 0003 | 0°003 | 0°006
SMH3!| 0°004 | ~0°037 | 07003 | 0°002 | 0°006
SML 4| 0:003| 0°045| 0°004 | 0°003 | 0°006
SMHS5! 0007 | 0°14 | 07003 | 07005 | 0005
SML6! 0007 | 013 | 0°004 | 0°002 | 0°006
SMH7| 0018 0%66 | 0°087 | 0005 | 07006
SML 8| 0018 | 0°51 | 0°044 | 0°004 | 0°006
2:2-5 NEWOLENEOHE

RSB ET 2 F Vv, BIESRER 1000 £ (hiR) & &
va0ofE TR O LB X EEIEL, T. MALkiEwicz®
SR ART N B2 HFR LSO TERELRDI. &
33, JEREIC X DRV Sz ARAEIT OV T 100 {E
2ElsE, BESniswn CRAEMITOVTIE 50 B>

TREIEL, TOFHEE Lo

3. ERERBIUEER

31 TyAVBEBOBE

< v H UBER OEA ORI OSHAREEC BT 5 NTED
OLFRRDO—H% Photo. 1 WRT. NEMEKRS
KXo nWTHET S L, 5p UTOdo, 5~25¢ O
D, FEHLT, 25p DD FHBPHEALR

— 59 —



1626

B L @ 51 (195) B

Fig. 1.

- MnO

Composition of inclusion
~[Mn-Fe)O

‘Fig. 2.

Area _proportion of inclusion (%)

X100 (%)

. 1. (Fe-Mn)O in as-cast steel deoxidized
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(Specimen:ML6) - x.400(4/5)

.6
o

R

S
N
o

S Q\QQM/
\ |
\

e ~0w_|
\S\mall(2~5,u}

- — -

O
S
o

o
)
O

o

T Q=]

L Urge \\\\\\ .
(5~25p) |-
05— d5 —0

Mn (%)

Relation between manganese content in

steel and area proportion of linclusionS;‘

100

LEZBNELDELT) D30LFEHL LRTES.

o, 5p DITON7EE, Photo. 1%%%%5&
51, MABERESHE LoTw5 ERBPNE. AE
BRiCR\WTIX, Sp IJ'F(/J\Z&!ﬁE%‘?:H?ﬁJ& 5~25pe
(KRB LIEE) DRLEMIT O\ TR 27078,

%uuiw%wkomTME@@W®ﬁﬁwﬁ%%(&'

) REDHEEILRIE L.
31U NEYOEREE :

E%@Eﬁﬁ JISERZXS) L HUBEOHE
ez Fig. U WRid. AENEWRIT < O > BOBEM
LEBITELLBEDTE2, RENEDEORBIIZE
DTOTPTHE. TORREL T, <o RngE
@ﬁM%ﬁﬁof,1%@@%&%@?@6:&%@&
bk 5. Tihbb, vvﬁyﬁmiﬁ@wﬁwﬁﬁ@
EfCBST2BMTOBELIVIEL, BEEGERICE

WTEM LR TR L, faurm@ﬁ@%auragb'
‘hé@uﬂm,%miw%m%A% SR OFERE LN

WﬁﬁT?étb%wUAﬁ%®%$#”&<&6&%
Zbhd. 7, KENEDIERT TV TAER, &

B LOM\EBEY LB EEZLNDN, THLIL, B

TRERER, SRS, BEEE, TofEx oETICE
BIND. REBRBEECS VW CORINMEDOGRE, Bro
RS DT L n B X S h D7 ie D WA RIS
ZEINL T X OXRBNEDNOROET NPT THS
EVWORREAEU L LHESNS.

3-1-2 NEWOME

5u BLEDA Z—E%komTXﬁ%v/fa\:zYﬁ-744f_.
TEOMBEEFAR. FHESNWONEWEL T, FeOls
XU MnO 2351F 54, FeO-MnO FEIKFEES® I2 X %

L INBRAEREBERICHD. £2T, fEDTOW™ .

TiB7: Fe% & Mn% %#HILEL, Fe X FeO iz, Mn
13 MnO L T#iELT4H %L (FeO+MnO) it

| e

O

90~100% DfE%Z 27, & h T DEIIT %

IR Z OMIC L D BES T % LE2 b5

O
o

O Present work

® Segawa¥)

H. A. SLoMaND B 5 LUV D OFE £ L 1318 —
BLTw5. nds, MAMEDTONTEXHE< 4
D a7 F 54 —OREEITIRDIRIDI0, £
ERRFEAOIRR E2BR T D &, BRL oML

© Sioman & Evans™ Fig. 2 05 LIXEL D EEX DS,

o o050 100
Mn (%)

3-1-3 JFIEL X H5NEWOLER -
WMO< L H L eHELNENDOEROES & O

Relation between manganése content in steel ’%%j Figl 3 (TR9. MECE3EROEELL TR

and the composition of inclusions.

NEDOEX by &5 E%UDW ar LM, br/ary

¢| MnO DEEZRKDTF— & —RIEEL 72D Fig..
2THD. ZONEYOMAL LMD Mn 20B%RIX

o~

33



A S EIE U 7280 Mn,Si % X ¢¢ Si-Mn %m'@m@gﬁ¢@ﬁg%®$ﬁ’ ez

300

~ Large inclus

Quantity of inclusion deformation ()

= Small inclusions
1.00 — .
o——o RT 1000 below,R.R.36
e—e RTI1000°C below.R.R.9
o---—-0 R T1000°C~I250°C,R.R.36
e--e RTIOO0C~1250°C, RR.9
0 ) |
0 050 100
' Mn (%)
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Fig. 6. Relation between silicon content in steel
and area proportion of inclusions in steel
deoxidized with silicon.
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(b) Rolling ratio 36 and rolling temperature
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Photo. 7. Elongated manganese silicate in steel
deoxidized with silicomanganese.
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