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THE. IMPROVEMENT IN PROPERTIES OF MOLTEN. IRON (III)

(The Effect ‘of Mxll Scale Addltmn in Comparison

Synopsns

Wlth the Case of Oxygen Blowing 1nto Molten Ircon)

Tomogiro Toltori -

The effect of mill scale add1t1on into molten iron was mvest:gated in comparison withs

the oxygen blowing process as reported previously (Tetsu-to- -Hagane, Vol. 41,

p. 407).

decrease the undesirable effect of oxidation.
treatment of adequate scale ‘addition into molten iron the amount of Ti, and -V in the iron.
decreased and so even the unsuitable irons as materials for ductile cast iron were easily
nodulized by magnesium treatment after the scale addition, as well as in the case of oxygen

‘blowing treatment.

1955, No. 4,

The scale was added at the high temperature (about 1450°C) into molten iron to~

As the results, it was found that by the

And also found that the above effects of. the scale addition were inferior

hY
in comparison with the case of oxygen blowing treatment in which the temperature of molten

iron rose remarkably.
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LARDCT & s @O 2T D70:
BESRUGAASNE—1350°C THEEL 9mm¢ D Y &

V F0o%

F 2 — 7T 15!fmn QEIT 1,2,3, 4, 5mn D O

WAZ 24700, $91350°C IF 3 ¢ CERME 25mm
DR IRENT i
A4 — VR INAEE—1450°C ﬂféﬁbx r—ov 1~10

3

" Fe 0.5%, MnO 0.5%, SiO; 1.1%
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Table 1. Chemical composition of pig irons (%)

T
Mark l ¢ si | Mn P S Cr i |V
Pig A 4-08 2°02 0°58 0203 H 0°02¢ 0°03; ﬂ‘ 0°23, 0°02,
Pig B - 4+*05 1°96 054 i 012, 003, 0*01y 0°03, ‘ 0-02;
Table 2. Treatment of the oxygen blowing into molten iron (Pig A)
O blowing ! Chemica} compo§ition (%) 7 ] Frac- gfil;;urg ‘ 112?51
Hme (mn) . ¢ | si | Man | P s cr | T | V. " tare  Re
— 4+08 h 200 0°58 0°20g 0°025 0°03; 0°23; O'QZ; ’ fine Ge+P 10
1 4°03 i 1°66 0°50 021 0-02, 0°02; 020 0°02¢ fine ” 9
j T
. U . . . . . . slightly (Ge+ Gy
2 4°04 ! 129 0°34 020, 0°02¢ 0029 0°17¢ 001, coarse |+P 7
3 4°C6 ; 094 .0'24- 0°212 0024 0°03, 0-09: 0'01y | coarse | Gg+P 4
4 3'96 |, 048 | 0°18 | 021 | 0°02 | 0°013 | 0°05, | 0-0l, |mottled j‘liGF 38~50
5 3447 ] 0°22 | 012 | 0215 | 002 tr | 0°04, | 0°00; | white | L 51
Ge=Eutectic graphite, Gp=Flaky graphite, P=APearlite, L=Ledeburite
Table 3. Treatment of the scale addition into molten iron (Pig A)

Scale ’ Chemical composition (%) Flac- Micro- - | Hard-
addition - ture | structure | Q€SS
%) | ¢ Si Mn P S Cr Ti \% ; Rc
. . . . . . . . Ge+P
—_ 4-08 200 0°58 0*20g 0°02g 003, 0°23; 0024 fine (Photo. 1) 10
1 403 1°95 | 0°55 | 0°205 | 0°02 | 0°03; | 0°23, | 0°02 v Ge+P 9
2 402 | 176 | 0'52 | 021 | 0°02; | 0703 | 020, | 0°02 [N |Ge Goip | 8
4 4°02 1*51 0+45 021y 0°02; 0°024 0*17p 0°02 7 4 6
. . . . . . . er | Gg+P
-6 3°97 1°01 034 021, 0°02g 0°02; 012 0 OIBA coarse (Photo. 2) 4
' . . . . . . . . L (about 20| 4 _
8 3+95 0°73 0°28 021y 0 021 0°015 0°10, 0°01; |mottled %) +Gp+P 8~20

. . L (about 50
. . . . . . . Y ~
10 3°95 0-56 0°18 0°213 0°02g 0*01p 0°07¢ | .0*0l2 4 %)+ Gp+P 11~30

Table 4. Treatment of the oxygen blowing and scale addition into molten iron (Pig B)

Treatment of the oxygen blowing

{ Treatment of scale addition

i02 blow-

; : i i
ing Chemical comp.| .- | Micro- Eeasrsd aﬁgg:lﬁm Chemical comp.! ... * Micro- Eeasrsd
time Si Mn Ti ture structure Rec (%) Si Mn Ti ture _ structure. Rc
(mn)
. . . Ge+Gg+| ‘L . . . [ 1Ge+Gy+
—_ 1°96 0°54 0°08y Coarse PLF 9 — 196 0°54 0°08, Coarse P+F -9
1 1*66 0°50 0°07; 4 Vs =12 1 1°95 0°53 0°+08: 4 4 —10
; +31 O° . y Y/ _ } 2 177 0°*50 0°07s 4 4 —14
.2 l 31 O 32 O 056 4 2 7 ] 4 1.49 0.45 00072 V4 // __4
. . . Y/ Y — .
3 .} 0%95 0721 0°05y 7 ’ 7 1 6 |0%99 035 0°04d 7 Iﬁ;GF*’P 2
4 042 0°17 0°02gmottled L+G?+P 20~40 1| 4 0°71 028, 0°034 mottledlL+ Gp+P| 6~20
5 0*25 0°13 O'OZo‘ white L 50 | 10 0*54 0*19, 0°03, 7 ” 11~30
1
F=Ferrite
—_— 4 —
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BOBE $TMLL, ABTRIEFREN T 3 OBMIH
T b BB R TS B EECZE D (Photo. 1 &
P2zl Fie Si OETEHRCVvT T34 FOTEE
BEo bbOEBE S, B ARERONH &3t
WW—EETLUEy PWMEEFRIKE UL ERTS. 0k
575% 5 LT BRI TORRBMORE L FEETIZ
Table 4 1t;: L7z Ti SEELBEICONTEA LN,

L DBETIE S LA SRS T AL, Ti

R E VFEPL TRVEFHATHIRESNOMAL L BEE
KTFZRLTWVS.

BT 258
OERLIC L 3BT 8L
B & A i B
TP s
T, R EEELIT
& O THEEBSEEMU

e o cmt@mﬁﬁ%@
Photo. Untreated" I & FEFREROF
- X100 (2/3) 3 & O B LOE

fhfrbhac t®
BEL TWTASR
DRESER & 13 —FPE
DTWE L5 THA
A%, KbEETO
BE(LANEE 35 S ONHERT
EHCE Si 00T
BB RS DI
{, »HBEEOHE

Photo. 2. Treated with
X 100 (2/3)

6% scale

BEL DT as8mE 755 L ERIERL Tv 5. A5
BRICBIIAEEIRECE Si 03 0TH»D 0: KIAART
OELVLVREER L, BOUHRNTERTDOAT —V
VBT 351} B o /s e & 7 OB ORIFHEIC X DL
DOEREL, tOL573ECHE Si OFETO, %
RO SRR A B T I BMITH 2 RE L, TR
ETFTrCE, RAGEOTEL Ti OEWVEDTIE Si
BOWRD & AR Ti OFPART, Ti T 5 3LE0RE
MBSO PP 2 L 13D THRIL L &5, FORBoNFEE
OAREZFERTHZ LALBNE. ZD& 5 SEEETE
BEED ERIZCEHIC Si ORI I B LT T3 4 MTH
DIZHTH S 5.

ITT. ##EMNEZE

IR OEELAEIT & B B, REZM LD TiF O
E AR T 2 FT D2 %, Fe-Si, Fe-Mn&&®
BMLTAER I3 3D EIBEALEL Si, Mn &&
U b DD TR T S S ORSE
1z Table 512557 ‘ -

Table 5 9 5B 5 H /5T &< O KABKIA S —
VALEESS Fe-Si 35k ¢F Fe-Mn T T Si, Mn E0OR
RS LI VEBED L OIE~RT Ti 813
LWL T 5%, Si, Mn BRZAREMSV. COLX57%
R(LALE ., Si Tk 2B ST 0T AGETIRE

ML ERCHERT), BERIRT A MO 80
TWb. BSOAr —VAETREBEDOLDEHED

Db 5 I20hS, Op ATED 3 OTIHEES, MUk
DTN A,

Table 5. Mechanical properties and conditions of treatment.

T.S.  EL

Kinds - Conditions of Chemical composition . yp.ro5tryc. { Hardness
- of iron: treatment S5 Mn i Ti ture (kg/mmz)i %) (Rb)
No treatment ’ 2+00 0°58 0°23 Ge+P ! 21 ' 0°5 90
. i '
Treatment of 6% ‘ E ’
scale and then 1% = 1794 050 ; ©o-it |  Gy+P | 17 | 07 88
A S1,0°2% Mn addition
0. blowing for 3mn,
and then.1% Si, ©1%90 | 0%45 | 009 Gr+P | 16 09 83
0°29% Mn addition | |
No treatment 1°96 0°54 : 008 Gr+Ge+P 13 08 75
Treatment of 5% ! +F :
scale and then 1% . 1°86 0747 ' 0°05 Gr+P+F 14 0°8 75
B Si, 0°2% Mn addition : :
0, blowing for 3mn i A :
and then 1% Si, 1*82 - 042 ' 005 . Gg+P+F .14 1°0 76
0°29% Mn addition i :
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O0: KGARIL L AL DI 5T~ 2 — 135 TREHFOY
235D EBELERERL, Ay — VA= 0 KA
BB IIRDE DTN EDERLURERZRT. Ay —
VDS O WGAKRMMERLE S L L3R ®T S Mg
S A EMBINEERTE LT A ONB LT 5THH, A
o —VAEOBEIZREDER2 L, O UGAALET
BREFERTRMDOES B ICEBEEPREZAIZD E
6N 5. BERTENTAGSSEITHEIDEEKL,
FEEIIDENT L3 AGkic P, Cr BOLSEEWNIIDIC
2274 PDOIHEL 725 4 FOFEBIDNT & BKR
EERTH» 3 5.

IV. Mg [CE&BENBEREILICDNT

PREEAND A — WVERINC & 2 THORR(LANE B S
L2785 C LIRDVT VEDHEED ¥ XU KD 0%
EDHBBENBH, TS5 TR O WAANBEOEE & i
ULTHREILTA. EABEEk C 4°13%, Si1°80
25, Mn 0°64%, P 0°28:%, S 0°02s%, Ti 0°15:%,

OymE C4°05%,Si 1'67%, Mn 0°43%,P 0°11:%,
S 0°02¢%, Ti0°05% DO=FE#ML 1. 2V 7T FVIFE
ITT | kg R UEB(LAVEE L 72 8% 1350°C 12T Mg

0%15%, 0°30% 3L C* 0°45% RN, 0°2% Si @
30mmd¢ DOEIEMANTEHAL BMERPRALIEZ Tz

LO¥FERES Mg &3 Mg(30%)-Si(40%)-Fe
(10%)-Cu-Al D ZTEE TH5- ChbHDRERER
Fig. | 8XP21TRT.

Fig. 1~2 X hEELhC e Ti €EHI{EHERED
W EgET OV, BLFiElEict ) Mg TOD
BERRLAEL S b D &8 305, Ti Bk BRRILD
BRI onTRBBERCE S Ti 0P b Dig
, BRIT A — VHAEE T IRERRIBRIZIE & A KR
IN. A5 —VALEED § DICEEANT Op BGAA LR
€3 3DRIVEWREESRIDEEOTEY, il
B3I~z O AR L AELVWERELRE
AFEEBEERTHANDEEZILNS.

V. & &

YREEAND R o — WHEILBE T DN TEEGRICEHE R
%5 O WGARMERE & DHEO 3 LT, fHE, B
HEEZM ks LU Mg Tk B BmERMbEg2Ra L 2.

(1) BHEAORYy —VERMEREMES LT 0: KA%
BN T Si, Mo SxEoRD L EET Ti
V SRMTEIRT S, O KAATREUWERELR
MBEENBH, Ry —VAETRBEERVISOV. X4y

6

Preliminary 77 (%) Mg *
treatment 0.15 830 | 045
ressa adiition | 015, | @) | @ | @
Fe-gaf;{e addiion | 472 ® © O
Fe-.g%; ngliﬁan 0.0% @ 9 O
sl e 000 | @ | O O

& Flaky graphite O Nodular graphite

Preliminary Ti (%) Mg B
treatment | . 0’5 0.50 048
Fe-Si-55 addition | 0.05¢ @ @ O
f?~&'§§g[ea§z?ﬁm 05 | @ 1 ®© | O
Fe‘Si-S/c;gje a%imn 0.03 9 @ O
B St 002 | @ | O | O

Fig. 1~2. Relation between oxidizing treat-
ment and nodulability of graphite by Mg.
— VRS IE 1450°C DESE TITo T

(2) O BIFAF —VNTNOUMEICIHINT 54
EEEMEK, Ti SEBVEFETREEEN? b2
BmBEE D> 5 FOREMR P OB AWE &2 D, FiKSi
O ONTEy VB IFBEGEE LS. BEIZRIR
BOMTHE L IRCETFLE » bbb e RiKE 5. Ti
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DOEN D DT Ti O LHFE > THIRBHMODIEES
5 LBEETERT D EABNS.

(3) m{LAER Fe-Si 3L 0° Fe-Mn ZEIL T
MELTX23DEITEACERED Si,Mn it& L1z 3
DD TR 2 FATREER, Ti 8030
TRMEREZ 5L X DIEEN, BEEIETT 3
R ERE. TIEGERENIOTREDF D ELH 0.

(4) B{LAEHE Mg T X 3 BHERR{LEBZ A~
BETISER N AOTRINSAUERITHCERIDY
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B A — VB TRIZEAEES 20D, 02 1k
AAED OISR A LN
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(RITRR B ERITE D)
W5 E &
. ON THE 4 SEGREGATED ZONE OF LARGE
CARBON STEEL INGOTS (IV)

- ' (Defeet in Segregated Line of Ingot and Segregation Flaw)
Masayoshi Kowai

Synopsis: .

It was found in the first report that there were some times defects in'segregafed line of ingot
such as sands and cavities appeared at the time of ingot solidification. In the course of
forging, some of them disappeared by forging effect, while some of them remained as flaws in
) forged steel. The opinion that the latter are nothing but segregation-flaws of forging, is born
o out from comparing the result of observation about defects.in segregated line of ingots with

that about segregation-flaws of forging. In order to confirm this opinion, the author makes
a complementary consideration about defects in segregated line of ingots, and investigates behav-
iours of defects in ingots and those of segregation-flaws in the course of forging and tries to -
describe theoretically the relation between segregation-flaws and type of annular segregations.
Finally he describes the methods of reducmg segregation-flaws on the basis of above-mentioned
opinion in the form of conclusion.
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