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THE IMPROVEMENT IN PROPERTIES OF MOLTEN IRON (I)

- {On the Blow of Oxygen)

Synopsis:

Isao Aoki and Tomojira Tottori’

Oxygen has been commonly used in steel making, but in the production of cast iron scarcely
used to improve the quality of molten iron except the some attempts of its use in cupola,
because it has been believed excessively that oxygen is harmful element to cast iron.

But by blowing the adequate amount of oxygen into molten 1ron, some interesting results

was obtained as follows.

(1) Carbon and silicon contents of cast iron could be controlled and its mechanical proper-

ties were improved.

(2) Oxygen content of cast iron treated by oxygen was not increased and the amount of
impurities in cast iron-Ti, Cr, V and etc.-were .decreased.

(3) ‘Even the unsuitable pig irons for ductile cast iron were perfectly nodularized and

. elevated in the mechanical properties by magnesium treatment after the blow of oxygen into

molten iron.
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Table.1.. Blowing time of oxygen and chemical composition. (%).of irons.

Blowing time of oxygen 1, c ¢ Si Mn l P S Cr Ti | Structure
"Not treated’ 3-83 2-05 0-36 0-122 ' 0012 | 0:030 | 0:230 | Gr+Ge+P
1 " 3-80.| 1-78. 0 0-29.-| 0-118 | 0-015| 0-017 | 0°-200 7
2 3-83 1-00 017 | -0-122 | 0-015| 0-022 | 0-160| L4Gg
3 3-56. | -0°31 0:07 0-113 | 0-016 tr 0-050 [ L+Ge+r
4 © 342 0-01 0-01 0-111 | 0-016 tr 0-030 | L+7

Gp =Flaky graphite, Ggr=Eutectic graphite, P =DPearlite, L =Ledeburite,

v=Primary austenite

(1) #EBERZMb

73 7 AFERRCTRSAL v (27) TC3:83%
Si 2059, Mn 0-36%, P 01229, S 0-0129, Cr
0-03%, Ti 0:230 73 2#AROSFK? 1 2kg BFHRL,
#971300°C 1z THF & b BEHE L 21U PIiE 9mmep D+
VAT 2~ 7% FRNT 15/mn 05w Tl, 2, 3,

4mn @ O, yixz\%?ﬁb‘» FEFEIC & T TR E L.

TH 50g R L1z. Z DKL O 16 F SATEE O fEHk
Table 1 3gMic Fig. 1 /RTC & & ThsH- BERE
B O WGAILE DE UL A LBBESESEL NS,

20\ o {zo
3 ) 2 C
g1 %
<% 148
t 3.0k Si [
% ) di05
~ 04 T
= ]
= 405
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EJ | :
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(| 0
No Treating

—> Blowing Time of Oxygen(7im.y

Fig. 1. Relation between blowing time of
oxygen and contents of C, Sli, Mn and Ti

Table 1 Fer Fig. 1 wiid e 4, O AR XD
Si, Mo ¥ Ti BREULSBEDPL Cr s AHTH -
C AR LTV B P, S BIZEALBLIL-

(transformed to pearlite)

(2) O WRIABEDRIFRIR & HE

Op WRIABE D FIFSTEDE I 2 M5 10 0 I LIS
WA LELL 2V 7 FAERENTL 2kg PAE L, 1300
°C iz T34 O: WGARTWEDLICEEL 1, 5, 10,
15mn D FEGEAEEE Si XX Mn B2 HE5 129D
Fe-Si (75%) && %\ TSit LTH 1'1%, Fe-Mn
(70%) &&ZHVT Mn & LTH 0:2% FimL, 20
mmd OEIEMIUIC §EE LAWFES T B 7 AGHT 21T
DIZKERIZ Table 2 CRITELTH D XETHIERRE
WEB R 7O #ERE Fig. 2 iR

e«f’L”Ju’*/A
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Fig. 2 Relation between holding time after
the blow of oxygen and mechanical proper-
ties of iron.

Table 2 L HHEG 2T EL, O RAIZE D Ti,
Cr iKWl %2559 Si, Mo ZUEBREML TH50D
TENFN 1'20~1619,0:26~0"32% DEEHIZH 5 .

. o { .
Table 2 Holding time after the blow of oxygen and chemical composition (%) of irons.

Holding time c Si Mn P s - Cr - Ti 0g*
Not -treated l 399 | 2-35 0-36 0-120 0-024 0-037 0-120 | 0-00782,
1 [ 3-88 1-37 0-27 C-117 0-024 0-027 = 0-047 | 0°01279,
5 . , 1 3-79 - 1-39 0-27 0-114 0-027 0-023 ; 0-041 | 0:01326,
10 ] 3-62 . 1-61 0-28 0-115 0-023 0-027 ; 0-047 | 0-01375,
15 - P360 -1 1-20. 0-32 0-114 ¢ 0-021 |- 0-021 = 0-035 | -01000;
20 i '3-54 | 1-49 | 0-26 | 0-100 | 0-020 - 0-021 | 0-035 | 0-00731,

*¥ Vacuum melting method. .
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FREEE & Stie C, Ti IRPOBAZRT I 5 Th 5.
Oz HEIIMEHIL UIE 5 L ELSH 15mn LUE Tk iR
U 20/in O §OTRME UKD ED & DEVEER L
TS BEHAOEEE Fig 200R30E ¢ O, B L
K30, CR2FORNED LY Si BMELNC 12§
¥ 5 BN H, ﬁ%ﬁ@ﬁﬁmm“E%Tb,ﬁ%
B~ REHR B RTINS

r( 3) 10~20kg @%%EOD%A '

BOBVGEVEED O RIADBR 2 FA~5 12110
~20kg. @@E@%ﬁ&c‘»&:%ﬁ%wOL‘T O WRARS 3 mn
Smn (DA %47 %) . 7Tmn RERERD 1300°C 12T Si
Zof Mn %700 L 250 25 mm D IRBSIIC $5 L
THERBIMEE 2~ 'ﬂf_ﬂi%#zzz}'{ﬁg%w Tgb1¢~ 3

‘X Table 4 1T7R7.

“Table 3 iZ;RTTEL O %25 .k b /J‘EO)%E
%A&ﬁﬁ%kc Ti, Cr, V. %538> L O ﬁz%?&/b )

Table 3. Blowmg txme of oxygen gas contents and chemical composxtlon

N Blo_wm-g Fe-Si ,Chemlcal composmon (/g Gas contentsz(%j
Tof | [time of (7598) |— - = — 7 ———
Samples'oz{rﬁggnlad%g)mn “Ch i Si | Ma'| P S ITi | Cr| v .'(cé/P%OOg)' S0 Ny
R "Not | . ' 5.08. | 92001 0-73 1. - .0 . 027 - TI7e12 0-0070.| 0-0044.
126-0 | MO o [3798]20:090:73 07149 0-028 0-200) 0-037 071401 " 6-98 . | 0-0062.] 0-0032
T T - il o) 720 |0-007F |0-0038
126-3 |-+~ 3 -| 120g | 390 | 1-99'| 0-52°| 9-146 0 oz_sj 0-134 0025 0-125 g0 | PTO0FT 070088
: . .90 | o 096 0-119] - 10l 6795 - .| 0-0077 | 0-0045
126-5 5 150g | 371|190 | 0 _4; 0149 0 026' 0 119, 0-027 0-110): - ‘7,02 0-007% | 0-0032
Table 4. Relatmn between blowmg time of oxygen, chem1ca1 composxtlon
and mechamcal propertles .
Kinds |~ . |Blowing| Fe-Si and . ‘Chemical composition (%) * + - N R
Sof  |Ne- ‘Of time of Fe-Mn alloy|- — Hardness~ T.5. | Elon.
fiolten- R o) added after| - U . o : o
Miron pamples RN A wing | € | Si | Mo | P\ S 4 Ti | (Re) (kg/ mmh - 98)
1—0 — 1 4:25|0-82|1-73 | 0°248 0-045!.0-233 —_ —_ —
1—3 3 (Ffzfosé) 4-15 | 094 | 1-47 | 0-221] 0-043 0-151, — — —
Molten | 20 | oS 4:30 | 0-98 | 1-78 | 0-238| 0-038.5:340, — — —
2—3 3 'fsoé }4°30{1-13 | 1-49 | 0-240! 0-035 0°159, — - —
pig iron 3 g S| . | 420217 | 075 | 0-170, 0-028] 0181 €9 99 0-8
about | 3-3 3 (Ff’z‘osé) 4:20 | 100 | 0-55 | 0173/ 0-028 0141 79 19-4. | 06
15kg | 3—5 5 (Ffs—osé)' 4-05 | 202 | 0-45 | 0-167| 0-026| 0-118| 75 15-3 1-3
40 | . <. |4729]1:97 | 0-61°| 0-138 0-022) 0-190] 66 11-1 .-/ 0-8
43 3 (Ffz’osé) 4-34 | 2:08 | 0-56 | 0-141] 0-018 0-150 ~ 80 19-2 08
45 5 (Fles‘osg, 4-30 | 2-14 | 0-56 | 0-141} 0-018 0-110] 75 17:0-
5—0. o 3-82 |.1-20 | 0-42 | 0192 0-074/ 0-1200 81  |. 170 | 1:2.
Cupola . (Fe—Si) 80 - ERE TN U R
iron | 53 3 Fo.Mn26 5 394|117 | 0-42 | 0-188/ 0-066/ 0079 82 | 20'5
%%?cnt 55 5 |(Fe-SD 20 3-87 1 1-22 0-;9 | 0-201] 0-061] 0-079| 77 |7 isie 15
g (Fe-Mn)20 g } _ g
. 6—0 — 3-92 [ 1-67-| 0-61 | 0-208 0-074| 0-088 ~ 77 13-0 15
Cupola - (Fe-Si) . ) . . ' 2
iron | 6—3 3 leog | 3°96 | 187|051 | 0-199/ 0-068/ 0°079|. ~ 81 15°0 . | 16
about . . = [4 . ) . : B .:.;;‘ S ‘:
20kg |, 6-5 (Fggg’g 372 1°72°|0-44 | 0-181) 0-068} 0-069] = 79 | . 144" |.1:§
. !_6—6; — 8'92| 119 1048 | 0:204/ 0075 0-079| 81+ | 17-0 | 1°8

‘ Molten 1ron treated by oxygen . and untreated iron

— 13 —
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EEBAET, O BGAIZ & 2 U WEESES ROz
. X, Table 4 X bhEE& ¢ { No.1—0, No.
2—0 @ Ti SEOBHL DX 0 WAl XD Tifd
WAHEKRT, SEEL No.5—0, No.6—0 0T &3
OTRIRVRNTH B BIEE, PEEINIME LIz H Db
BELEOTW5. O KARRBIOEE: 3mn HMED
4 DITHAT Smn [BYABED FEE B, FLERAFCHE
SETF LTV AR 0@ E . FHeIC § 3mn O
L DM VEMNA SN Smn D 3O L DEEL THEWL
BU%54%. Chid Smn HEED § OOEBRE L
S LB A BA S TOD TR E UBRE S R
LIz EELBNS. No.6—6 35 10kg DIEES
i O AR AT, T HUTHLEE U2V IEER 10kg 20
A2 DTHBD, WELZN.No.6—0D DL H-Si
Ti SO EEREMEEDO L $ DB 5 his. COX
5 15 g O KA RAT ) EEOR 2 EISITER T 1T
X0, C, SiZOFEYTRSD 3 DHMHES NN
ISNDTEHFHBADRBVHEEEZ LN S.

L ERRSSEBLEOMORRINE

ERRESKEEDKE, FROBRIBEL Sha ik
£ DAAIT LD TS ST 5 55, —RICRE
2 EEECIE Mg 2AEMEFITINA T & BRMORRIbIZ
gt s 3 DOTH 5. 22 TIDE D BEREHT O BGA

B47LS, Mg 103 b BEERREAR R T

Z 07 AFEETHE 1-2kg VEEE L ’Iable 5 1TxRT
T ERMEUSV LD, Si0°3% FMULIZ DK 3
mn [ O WGAMLER (150/mn) %2479 8 mn {(RiFHE

#9 1350°C 12T Fe-Si (75%), Fe-Mn (70%) &

BRI LI 3ED $ DIzDOE Mg (25~30%)-Si (35~
40%)-Fe (10%)-A1-Cu RO &L TH) 0°4% Mg 4
mMR245y, Fe-Si 24T 0°3% Si #E%E 30mmé

T OISR S URRE R OGRS 2z, O AUEL
CISWEBHOAT Mg YR 3 A OWEIEEBOEE

W T < I B0 & 51, O: BiA%E Mg AEEE

3 AO OEEEIIERRSEZNTE DIKE B QMR 2/~

L 0-3% Si ZinLTcts Mg UER 3 AS OBEIERE
FEIR & SROK B E ROk E 2R 7. #A#3 Phot.
la~c TRTT & L ARBER L #EFROBMT, Si 0°3
BT S AS IFERR LEDP VR RO BERR L,
O, ER % AO IRTRA ESZEREIRERP EO7 A
7 AP R _
ECERR(LDOESE s3> 3 Table 6 iTiIKRT T
<, O BiA%FTVEY 15 mn {73588 Fe-Si, Fe-Mn&
ERHEMUIZEDE O KIAZRFTDIEHDIZE DT
THIHR & FT Mg AR O R AT U 0 E & A
T~z Hs, FBERiZ Photo. 2a. 2b IRTCTEL, 0: K
AR5 BORBHE, e 3 {BRFERKDZN LR

Table 5. Chemicai composition.

Mark of samples | Preliminary treatment

Chemical composition (%)

S c | si [ Mn P S Ti
) A | ~ Not treated | 410 | 236 | 064 | 017 | 0027 | 0167
AS | 0-3% Si addition 4:05 | 262 | 0-62 ' 0169 | 0-025 0165
i )
A0 | Blowing of oxygen for 3mn., | 3.5 = 2.18 | 0-54 | 0-189 | 0-028  0-059
| 0'2% Mn, 1-0% Si, addition | | :

Photo. 1la 0°49; Mg
treatment, no preliminary
treating (A) x100 (3/4)

treatment after 0-39% Si
addition (AS) x100 (3/4)

Photo. 1b 0-495 Mg ‘ Photo. C 0°4% Mg

treatment after the blow
of oxygen(AO) x100 (3/4)
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. Table 6. Chemical composition

|- Chemical composition (%)
Mark of samples | Preliminary, treatment - : | ' -
| C si | Mo | P | s | T
B ; Not treated | 414 | 196 | 055 ‘ 0-217 | 0-031 | 0-230°
BO . Blowing of oxygen for 3mn., | 3.79 | 1.87 | 047 | 0-233| 0-023 | 0140
1 0-29 Mn, 1-0% Si, addition. ‘

LT 5 SEAED 2 Mg UEE 5 4
DI EIRES & BIRES B R LIR
REGTH 5N O WEICEDEL
< Mg iz X 5 BENERIRED B £ 755 C
'awﬂaf-

v, £ @ 0=

R RS HERK A T T LD
Si, Mn &QER{LEMATE UL RELA
LisEs s Ao 505, C OB Si,
Mn Z@kd & @R Ti, Cr, VEO
FTERHNRT B - SR OERIIE « DR THERITEZE
BRTCERILEONTING LT ATHEH, AKER
Dy 0p KGATIE Table 2 %¢¢ Table 3 i€ 57
Uiz T &  BREREIFREMN LT S IREO LS, R
WEORE LERo Si, Mo OFMIC & b BRER
D ADTIRD LSESOMBHE I NG, KFED Lk
NITBMOERIRILALEE OBIESEH OE{ LD R K DTERE
e LD VDbNTWARTH Y, O LE & BT
Mg iZ & AERREBMVE L NP TN S ZDORP LWV
DT LEAUDPIZNT ERR LTS I O UE L
JZV 3 O Mg iz X hihA & B IR LER T D
53 O: MEBIF DI 3 OHMEHED Mg ZRIMT LD 5B
LERREMNE 2B L L RFRRILICEEZEDH S Ti Z
DIEDOTRMHBEBESE L VREINNIID EEFEALLNS.

V. # &

T Op WiAZATLS 10~15mn [REEEED Si,
Mn 27HMTHC LiILLhEEEZD C, Si gEE=V 1
o AT B EWHEL xR T~ DIFEGEDO—EIC O
PGAR TR ¥ BIRE LT A C & XD K C, Si

treating (B)

Photo. 2a 0-4% Mg
_ treatment, no preliminary

. Photo. 2b 0-49% Mg
treatment after the blow

x 100 (3/4) of oxygen(BO) x100(3/4)
DOEESEMIEB LN, T D& S SEIRIIBE T EREMEE

FUBECIAERZEIIEI E ASFREL N V. IIHEE
Mg UEIC & b BEADIRIRILHEE U < [EEE Wb LT
BREDESR 3 DX 525 O YFHZ X b BNIIERR
SEERFEBRIEEE 2 LD B L & RREDIC.

20 1O ABHEEDRATIC 17 D B~ ORI & FlgEs &
BN 10O SRS E AT ER R X UE < R0

BEETH bOTHD LT
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