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On the Crucible, Ingotism and Recovery of Added Elements'.

(Fundamental study on vacuum-melting of pure iron and stainless steel—I)

Hiroshi Sawamura, Toshisada Mori, Masao Yakushiji,

Synopsis:

Hiromasa Inoue and Zen-ichirs Takao

The present investigation was performed for the purpose of obtaining the fundamental
knowledge of the vacuum-melting practice on crucibles, stamping refractories, erosion of
crucibles, ingotism etc. Furthermore, the change of the contents of gases and metallic con-
stituents in pure iron during vacuum-melting, and the recovery of added elements in stain-
less steels were also investigated. The results obtained were as follows: _

1} Pure iron was melted and held in vacuum in the four kinds of electro-magnesia cruci-
bles, and the changes of content of various elements were plotted against the holding time.
It was proved that within 1h. all of the crucibles tested were comfortable. Crucible B'-1
was most excellent and the oxygen contamination was not observed within 2 h. at 1600°C, but
the content of oxygen was increased when the melt was kept at 1700°C for 30mn.

2) The results of the refining method of pure iron melts by hydrogen gas showed the

higher content of hydrogen.

3) The content of oxygen was sufficiently decreased by immersion of the graphite rod
into the melt, but the content of carbon was increased rapidly. It was thought, therefore,
that the control of the content of dissolved carbon was very difficult.

4) By the appropriate modification of the mold design, the ingotism could be improved.

5) Stainless steels were satisfactorily vacuum-melted by the method in which the addition
of silicon and manganese were carried out under the pressure of 20mmHg of argon to pre-

vent from their vaporization loss.
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. Vacuum tank (heating coil, bucket for addition,
thermo-couple, bridge breaker, gas inlet valve)

. 10in. diffusion pump 1800I/s

. Rotary pump 1500 //mn

. Booster pump ©3001/s

. High-frequency motor generator
10,000 cycle

. Capacitor bank

. Vacuum system control panell («-tron vacuum
gauge, thermocouple vacuum gauge, pyrometer etc.,)

. Electric power system control panel

. Slidac for resistance heating

. Operating table

. Gas bomb

Fig. 1. Arrangement of vacuum-melting
apparatus.

h&ﬂg%%ﬁ%;ﬁlﬁ;%%%@2@®:4wﬁ
BT B X5 ik Th D, EHREEOHRER
LEEBEAERICEIOTCANELIETS. HEER a-
b oL B E BEMEEFOWEIC IO TET 5.
o E A Pt-Pt-Rh JREESE, i, 4 RE
A, RIS Y MIEBMNELTYS.

50k TORMA Y » PRICRURRERAL, 1078
mmHg BEE THRENSEIEDS. HAEERDOE
VBt C it e L 7= B Cr B Toie L 72250 C
7R AR LS 7 b ORI L < HREEL TB 2
Fo_LEAECAAEREL, £OBOEELX EbDTHE
T BIER N TREL, HOEDHF GELERT B
T, TDLOHEBENDD HEAITILETELOEANIT
7 v 2 U AIEA L 10~20mmHg O 7 v I U FRKH T
R R T, BT, ATVEIME L TIRE % S

200V 15 KW

Re=D Om HOOw »

Loofal. #=< L CHA AT TERM AT v ME

X VRS R FIEY, B A UDIFERNICHEHL 2
WAL, AF 2 L AROWROEE, Si, Moz
R LT < BEZEHRTRNT ISR ITE L s
B9 BIRINCLEST 2T 7 VT %% 20mmHg EAL
CHFEZIEI L. Ti 352032 BT 50 THRRIC
whnl 7-. :

I G®EASDE

1) 500K

Table | BB E TICHMA L #HOEH~ V' 4 7
BOEONHEERLISDTH DN, Ske it 50
TN ISIERBEOSTETH O TR E L TREAD
%%z Fetotehs, kg R B DI DV TIIERERD
RPN L IEHIRE LEix O AR Db NDT
B'-1 9T L &HEOBDERBAT S LT L. &y
zﬁ)BMWiK&MmmhQp@ﬁﬁgg%mbfﬁ
s A Tl o Bl 2 A v T R RS L TEEL
HLOTHS. :

BoIER 2 ROk E LTV =T, 27
AU, BIOUAa=TE=I 32T LEFEREGL
Fo b D BRI DRI S FEDFH X DA, L
ABETA X =D AT HRGELTHDLLEHELE
b,

2) B LGS L DR |
BRI EVTRELEELORRA AR TH S 2
L Ol oW ERET 5 5 SIEME LT
HEE L, BEEHBWCIOT—ERSLICOEFEEND
ST LRI & DR IC X0 T 7o U B R H3EE
B BENTWABDD, Ui Lish SIS OFLAE D E T
5 DIIFIC X2 TESTEHE LY, 2h CAR T4 <
O L7 B OEIMER DD LV HMED bbb, #Y
10 MgO DSk X0 TIBOBEILAHES &
LTh, FhECORMMSETIIEER ERADELL
Wb TH Y, WLHELD L ZOHENH D DEDHE

Table 1. The dimension of crucibles.

. Outer dia- | Inner dia- Wall thick- Height Inner volume
Crucible meter(mm) | meter (mm) ll ness (mm) (mm) (cm3) Note

A-1 (Made in U.S.A) Y 35 85 100 88 For 1 kg
B-1 (Made in Japan) 66 56 5 80 ' 174 melting
B-1 ( 7 ) 62 48 7 100 166 -
C-1 ( 7 ) 55 i 44 5°5 82 116
A-5 (Made in U.S.A) | 103 83 10 187 L 950 For Skg
B-5 (Made in Japan) 112 86 13 190 1040 melting
B'-5 ( 7 4 . 4 4 4 4 '
C-5 ( 4 ) 103 85 115 186 1000 !

] !
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Table 2. Chemical composition of pure iron
used as raw material. (%)

Ml . _ !_ e
C | si Mn P F S Cu | Ni
N SN I i —
No.1| 0°025] 009 { 0-013: 0*010] 0-007| 0°022| 0-021
No.2| 0°016" 0°085 0°010 0°009 0°007 0*024) 0*022
— == ll:_;‘ — e e
! Sol. |Insol. | *
i i
Cr i Al Al Mg | N o H
_— i
7 : y
No.1 0004 '0°001 0°0005| tr 0+0030/0*0185/0°0002
No.ZiO' f

OOZSO’OOZZO'OOO’?# tr 0’0025;‘0'036610‘0001

PHETEDZ LiLbin 5.

€ 27T Table 2 WIR§ B OHIEHE B LM No.
L W EER & LT 1073~ 10~ *mmHg o 228 th Tl fig
L, 1600°C IT{REFL 72356 ORR & RS2 Lo
#h#% Table | IR LcEAMOEN~ 2 % v 7 501EK
PWTHEL Y. T OERE Table 3 WRLANTHh
X OHERBFIEDOVTHRETRIE S ED & THBE.

CraJFEt 0°025% »3 30mn ¢ 0°005~0°008%, 1h
T 0°004% IEEEE THAT 525, ZFNLEGRHFLTDH
EEAEZLL V. Cu EU 00°022% %5 30mn T
0°007~0°008%, J7bbiy 1/3 WIXTFL, LL#h=z
DZALL s Al V3 A-1 IZ2W T O BFH~72 75, Sol.
Al Insol. Al L{HITIFLAE BV, H 3ER
0°0002% %% 30mn THY 1/2~1/3 IZETFL, FnLig
BHEVZILT V. ZOfFfI: Fischer® of%H & [
¥RCHB. O 0°0185% #% 30mn T 0-019%LLF

2R3 555, T LMK N 5 28

23]

20N

&

5

L, Ihid Moore® 53X (° Bungardt u. Sychrovs-
ky? OfFEREFBMUERTHS. N EEHE 0°0030% 3
30mn “CHy 1/3 WETL, &5 RERSHMEERL T
bHE VLUV

BAEDFSRIZ XTI U7z 3EED % DIFE 3R £
<, WTRGEZEAIT 35V TH 30mnffE L7481 0
BRI EEE R .

DEL, TORECHE O EICYEE LS
¥ B'-1 122w T, Table 2 ioi¥4igk No.2 %K
BEL TRBROERZFT7 2. Table4 7548 55
BESIT, TOAEIE 1600°C, 60mn HHETIROLH
HZEINE T, 120mn L T No.170 iIRAEIE
ERLTEYD, ZO52ERMEITOL2TL 0ES
THEEZEALND. LLESLIEES 1700°C 105 .
BHHL 30mn TH O FHEAITAHT B LT 5.
1600°C {REF D4, Si IR 0°085% 7349 1/2 BEE
FTRWS 5B, D oWE0H L wHaid e ming 4
[BHERD B, ThIZBDIERDH 1% @ Si0; #
BILENefeb T bhb. WTFhic® X Si XEiR
BE (1700°C) iTim#hd %75, 5 WITENGRIEEhic
REFL SRR E Ly, Mnul3 s 0°019% 7t trE
T%%én,NLP,Sm&&&E%m%ﬁéﬁp.Cr
VE[RRE 0°0025% 25 1/2~1/5 R FLTVW5. Mg i
WEhd tr TS % U7 520k X oTE L
Mg BERITHFIRLEND T E0dbhot. F0f,
Cu, Al, C, H, N, {22\ Tix Table 3 rigiERIEE
DIFRAFLD v,

3) IKEDHDVITRET X BHEORTT

Table 3. The change of chemical composition of pure iron during vacuum-melting.
Heat : Chemical composition = (%)
. Crucible : Treatment ' — I
No. C N 0 H Sol. Al| 33 | Cu
- ‘ ‘ g i
64 A—1 1 1600°C,10-3mmHg,30mn| 0007 | 0:0015 | 00049 | 0-00018 07002 i 0°001
69 | 7 ‘ s 4 4 0*C06 | 0-0008 | 0°0039 tr 0°003 © 0°002 |
65 4 4 4 60mn | 0°004 | 0°0010 | 0°CO17 ! 0*00C04] 0°004 0°001
68 y - 4 ” 4 0°004 | 0*0018 | 0*0203 = 0*00007| 0°003 ; 0°00I -
66 4 ' 4 ” 120mn | 0°004 | 0*0009 | 00099 | 0*0C007| 0-003 E tr |
67 ” L 4 4 0°006 | 0°0009 | 0*0285 | 0*00006] 0-004 | 0001 !
96 B—1 1600°C, 10-*mmHg, 30mn f 0-006 ! 00010 : 0°0103 | 0*CC010’ @ 0°010
99 | 7 7 v # | 0°008 ! 0°0017 | 0°0077 | 0*000D4 ; 0+0nN7
97 ” ” 4 60mn | 0°004 | 0°0013 | 0°0262 | 000005, | 0+008
100 v | ” ” 4 0°003 | 00011 | 00972 | 0*0C006' :; 0°008
98 % i % % 120mn | 0°C03 | 0*0015 | 0°0i84 { 0*00009,; ‘ 0009
102 ” 4 7 # | 0°004 | 00012 | 0°0178 | 0*C0006 | 0006
139, C—1  1600°C, 10-*mmHg, 30mn | 0°C05 ! | 0°0063 000009, E
142 “ v 4 4 0°015 | | 0°0073  0°CC010 I
14C 7 4 & &0mn | 0°006 | © 0*0073 0°00007; |
141 : 4 ” 4 120mn 0°005

" 0°0104 0°0000s! ﬂ
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Table 4. The change of chemical composition of pure iron during vacuum-melting.
Heat . Chemical composition (9%5)
Crucible |. Treatment
' l i { ! | | ;
No. : C ' Si |Mn S iCu | Ni jCr !S9bInsoliye !l N O ! H
o] ‘ 1 1 u : L z E Al I AL 1 24 y
166 B’'—1 1600°C,10-3mmHg,30mn | 0°006/ 0°095/0°0012| 0°009| 0-005| 0-010 0°021[0°0015[0° 0026(0° 0009 tr |0: 0013'0 0042 0°00007
167 ” ” # | 0-005 0-099{0-0010| 0°010| 0:006 0°009| 0°0220°0011j0° 002600606 tr ~0~0012,0°0041| 0-00011
168 ” “ 60mn | 0°003; 0-071/0-0010( 0-009| 0-005| ¢-009| 0°020/0°0011{0°0024/0°0005| tr (0° 00160 0028! 000006
69 | C # 4 # | 0-005| 0°058/0*0006| 0°009| 0°006{-0°008| 0*022,0-0017(0°00200°0005 tr |0- 0010,0°0033] 0-00008
170 ” ” 120mn | 0-003! 0-05410-0002{ 0°009| 0°006| 0-007| 0°0220°0005:0°0020,0'0005 tr 0" 001200028 0-00005
171 ” ” ” 3‘004‘ 0‘050|0'0002 0°010| 0°005] 0008 0'02]‘i0'0009i0'00210'0005 tr {0° 0017|0 0090; 0°00009
172 B'—1 1700°C,10‘3mmHg,30m}1 0°002| 0°015{0°0002f 0" 0°006| 0008 0'02110'00130'00240‘0006 tr 0.0010'0'0151 0°00003
173 4 ” 7 1.0-003] 0°015[0°'0002| 0°010| 0°006] 0°008 0°021]0°0014|0°00290°0005| tr |0.0015/0°0130| 0-00005
Table 5. The change of chemical comosition of pure iron treated with H. gas or graphite rod.
Neat * Chemical composition (%)
Crucible Treatment ) )
Tore . T
No. C } S} Mn S { Cu | Ni Cr ! SXII' I,nfﬁl'! Mg N ’ (] H
i ! ! V ‘
161 ' B'—5 | 30mmHgH: 5mnx10 ] 0 003 0°081.0°0010 0'0093 0°007 0°010 0°0220-00150°0021'0°0006° tr r0 00120 0046‘ 000010
162 . “ ” £ 0°011; 0°0830°0002] 0°010° 0°007 0°011 0°0220°00140-00240°0008' tr 0-00160°0034 0-00007
163 | ” ” : 0 005. 0 090‘0 0009| 0-009; 0°006. 0-012; 0°0220° 00160 00160 0007 tr TO 00130 0036\ 0°00012
v 1 | + i 1 H
. |
164. v 2.5gC+30mmHg H2 0+007| 0-110/0°0009| 0-010( 0°007 0-011 0_‘022‘0‘00160'00220'0008- tr |0°00130°0034| 0°00017
176 ) ” 5mn X5 0-002| 0°118/0°0002| 0°010| 0-006} 0-008! 0:020/0°0Q16/0°0019/0-0005 "tr [0'0015/0°0025( 0°00004
1 « ' ~ | )
177 . #  *|Graphite rod immersion | 0°398{ 0°179/0°0002| 0°010] 0-007| 0°015 0°022/0°0021(0°0022/0°0006 tr [0°0015/0°0015( 000009
173 | ” 0-127] 0°157/0-0008] 0°610] 0°006| 0°017| 0-021{0-0021{0°0019|0°0008| tr |0°0013{0°0014f 0°00011

m@theS%IUthe4@V?h%%t%E
IR DR TH B2, DELCHIE B'-5 2V TH

g No.2 2IEMRL, Hy ¥ ARG (FEBOREC He -

HRZEWANFT 30mmHg &L Smn {REEDKRTS
e 0GR T A, BXO0HLNU CoAEnC ik

L CERREL, He # A X BETREE 5 EIf =318 aysh =~
ﬁf;ov

TRIF) BROCRBBETC X D5 AHRE
jo. Table5 13X OERARLADDOTHS. No.176
i C 0°002%, O 0°0025% Tk b o ZipbTIIEZ
L, HEHEMEFHREEONL, T OV
UCHEREAES, He ¥ AR EERAREE
??E<L&w&H@%%ﬁ$%%V LML S
B RIFRHEOOHETHC(25g) #HLMTLD
ﬁmbfkbTMMLHzﬁZT&E%ﬂ%HKOT%
Wﬂ)MN®éTM¥ﬁEE%%ﬁk£E%w®Bh?,
_Hgﬂzknkowfmé%kﬁﬁ%ﬁﬁék%i%.

BB R M R ICIETE L CHBR AT O & ORI
Ty e, CHRVbLHL LEmLk.

.Ln%):a/b %)
% VEDIKIR
E%m%%“fofﬁweo&@ﬁﬁgrmMolg

Lod FDEiT
RN, HOK T2 L-§F B R S e & 5T

Y % Photo. 2 it5% L 7. Photo. 1 % B-1 ®5DET
Wighw 8L, S5 Ti max 4%, C max 0°5%
%@F6T103mﬁ&&10%ﬁbt”®%ﬁfb
%. MSERTReMIIEE ATRDONEVAE, Ck
IO Ti %% AU R EET 5 ENEAPL VRS
NBHLS>THD. '
Photo. 2 V& A-5 ©5DET, £& L TAF VA
WE 27 GRELBORMER LD THS. M
PEVBELTCVWAENERSEERENTEST, B

(a) (b)

‘Magnesia crucible (1kg)

Photo. 1. Appearance of B-1 crucible after use.
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(a) (b)

Magnesia crucible (5kg)
Photo. 2. Appearance of A-5 crucible after use.
L o THEBIIEETEELTVEY. DD
Te<, Ihbilifii<s 3 o7 50 SERICH £
BT Epsbnorant, Ti, C Ry @ik msss<
EUMEBIOBIIWE LTS Tk v 5w Bhh,

%.

IV, SRS L E T EROR R LT
SEEEORE
i), SkgMEHFIZIX Fig. 2(a)0 & & SRk Dk

REFR L O 7 v T F L DMSFL, 15 0 2 H U7 ps |
T D5 DI CVINHEFL SSIER ITIE < Az ¥

TEL TV SHREHE S X UM H O BE i ps kT

; 1289 '
rr——ﬁﬂﬂijJT k”fﬁ%_‘ﬁ
2
;;? wflézt\
7 2 % 1
e /289

%Z@—ﬂWAi;

150~

‘7100177

B DHICDM U DOWHENRED T L, G OZRB L5 ITTE
HENKPORIELIHDDLEELLREDT, FHi
W Fig.2(b) Aty & 5 WA OS2 R L, F
REIZ AL T < L 719 #e o B W I S5 oo Sl 0 38 v e
ZRAWVTHIERS X URF v v AR BRSGEL, 204
YIAF XL L. ROk bk, o
NIRRT L THREERBIRIT X2 Thd bLD
#5798 TH 5. Photo. 3 X8 Photo. 4%
TR U 7o i SR & F Wi O fiitE o)
NEB LI UHEmO < 2 oflfit 278 L b 0TH D
Photo. 3 [3#5:EREE% 1570°C, 1630°C, 1650°C knm
REX I EDOMERA Ty PERLIZDDTH B2,
FEIREE T X 5 2RSS oz, No.77, No.78
DGR SO R THHH AR L T v % O
MI%Ql@ZT/VRW%W%@%OH%MmLt
7o, BOEICHMERYE L TWARMmom®Sc X 57
D D7 7 0 FFREH» LD T v b

%72 Photo. 4 [ER7 2L REDEETH L, 5
MEAFE—E L L, $ERMHE (No.90), & 7 i3

LR g

¢ D5iiE 2y

Eh—ﬁhap
P
(B) Modified type

(A) Former type

Fig. 2. The shape of molds and hot-tops.

Pure iron, 165(°C
Photo. 3.

No. 77 No. 78 No. 91

Pure iron, 1570°C Pure iron, 1636°C
Appearance and macro-structure of
pure iron ingots.
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Table 6. Chemical composition of added materials. (%)
C si | Mn P | s Fe | Mo
Electrolytic Mn 0°006 | 07003 |>99°9 <001 | o037 | 0-002
Metallic Mo ! 99+39
Metallic Si 99°7 : o
Low carbon  Fe-Cr 0°056 | - 0°50 0024 ! - 0°006
. Fe-Nb 0-07 , | 07032
Electrolytic Ni 0402 0+005 0*0005 | o001 | 0007
Metallic Ti 005 0°05 | ~ 006
Cu | Nb ¢t | N 0 H | Othrers

Electrolytic =~ Mn | 0-0038 | 0-0049 | 00131 | Altr
Metallic Mo ! i
Metallic . Si . i
Low carbon Fe-Cr 011 6102 , 0°0!8 0-022

Fe-Nb 6864 : 0+018 - {Co 1°2~1°4
Electrolytic Ni 0°004 - 0°0014 Pb 0°0006
Metallic Ti : 0009 007 00026

No. 8 No. 89
316L, 1520°C 304L, 1530°C " 304L, 1540°C
Photo. 4. Appearance and macro-structure of
stainless steel ingots.

No. 83

F RIS (No.83, No.89) ZH#ELis, »ind
BA L IRLAEMB RS R Y, B, WiBkke
FONB MM AOWEATE DL b lch DEEX B
5.

V. AEBRCHTIEEAMTROSE

S E R BRERAD AT L U AR B 7o DR
ek LT AJ0S.IL 304, 304L, 3le, 316L, 321,
321L, 347, 347L, @ 8 I >V T AR TEEDS
BaeE L. BAFEEOLERSE Table 6 O L3
W THB, d>b Si, Mn, Ti, Fe-Nb, 37
oAk 20mmHg BEEALTRIL, HIES~
Smn THRBE(TRDOT, BF Mn L2 TH, K3
B U BEAZ v = o B AN TH) 800°C w2 h HZEr
GBI A R AT, T ORH AT X HEM
e A RDH AEH RO Table 7 QL& DT
Hizwb U5 L ETL, N 5230y
WL 7. Lichs o TE L& BT B I bonBiR e & (K
CF DD, HHVIHEEREISLEDDLENEDHD L
Bbhd. ' :

Table 8 ic ZIL LB L 7= 27 v L AFHOEEE
By & F O EE R L. 727l No.79 @ Ni Ed
L OEEIIZV NS Y, No.79, No.80 @ Mn 23737s
DRV OVIRIIE S v MR L TR E OIS T
Xttt THB. T No.82 © Ni, Cr &2
SUIES, #o Si, Mn Batb LD Fe 0iEhm

Table 7. The change of gas content in elec-

trolytic Mn by vacuum-degassing treatment
(800°C, 2h, 3%x10"2mmHg).

————- % | N~ | 0o , H
0°0049 | 0°0131
040422 | 0-0001

0°0038
000023

!

As received
After degassing treat-
ment
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Table 8. Chemical composition of stainless

Heat @ A-LS.I i Chemical
No. @ Steel | . l e
. type | | si ! P | s | cu Ni | Cr | Mo
70 ' 304 | Aimea 008 | 070 | 17 : ‘ L1007 | 18°3
! Analysed | 0°086 | 063 1*22  0°016 | 0-007 p 0021 | 1298 | 17°41
] T -, ‘ : '
80 3041,  Aimed <0703 | 0°70 147 83 " 20°0
| Analysed | 0°008 | 06l 1*49 . 0°015 ° 07009 | 0°014 | 849  19°63
g2 | 316 |‘Aimed | 008 | 070 | 17 jf 137 . 163 | 2°75
Analysed | 0708 | 0'82 | 2°52  0-016 07006 | 0°021| 1266 i 15°62 . 2°55
! i (. _
84 316l | Aimed <0703 0°70 ' 1+7 | 11°3 18°0 | 2°75
Analysed | 0006 ! 0-64 : 270 0°015  0°007 | 0°015 | 11*16 17°75| 2°79
86 32 Aimed 008 | 0°70 17 127 . 17+3 |
Analysed | 0°074 | 0°77 22 07012 | 07009 | 0°018 | 12°22; 1868 |
8s 32,1 | Aimed <0703 | 0°70 . i 93 | 20°0
Analysed ; 0°C04 | 068 97 | 07015 | 07006 | 0°016 | 9°16i 19°71
i s Aimed L 008 |- 070 17 12°7 i 1730
°e o Analysed | 0074 | 0+72 2°04 | 0°010| 0°006 | 0°019 | 12°40 ' 17+48
I .
a7 3471 | Aimed <003 0-70 1°7 93 ] 20°0
Analysed | 0°011 | 068 | 2°00 | 0-010 | 0-007 | 0°019| 9-14 | 20713 ]

FRANNIT Ni, Cr T8 THEm B3I L 5 DiE0 e
FEEE L7 TH 5. Table 8 DFE R BRSO
LR L CARDEDEDEL D THS.

ClIMBRF DO (0°0185%) ¥5 X UHlisk, (%4 Fe-
Cr D C (ThZTh 0°025%, 0°056%) % Hi LT
0°08% % FILHCEIILE Y Ofta21Th 5> &, 0°02% 2
BEOCEFTRLIL D & DTN DR F A YA L7
DT, SHLEXDARRESG (0°06%) YT 5 Cahnx
Tl EEALIZE LA, BITHEMASE ST,

Mn XHEMID 125% %KL 72»%, 20mmHg o
Tou T RRLAHRTHRML Smn BRI R DIE 1059
BETIVWEEDNS.

% Of Si ¥ 110%, Ni,Cr, Mo, Ti, Nb WEFliiis 2
HALIDBZLDNT Y X135 D BRI BN T ZOR
BHETIVERDbNS. Kb Cu RERME (0022
%) WHLTHETHEL L TRV, 2 n ik ERs
Fe-Cr f1> Cu (0'11%) R T 53 D LE % b
. Mg 3niihd 0°001% THD T, HskEROE
ED tr (Table4 3 X% Table 5 58) k1324
WEDITHBH, WFRIZLTHITEALHEI S b
. .

VI. #&

DL ERZEE R B3 5 2R a7 BRI o T BB
REIWBRIZH, InEEHTRIOXD LB TH5.

i

(1) AB,C BXU B o4f@HOUM~ 57
DOERMML, Mika EZOEE Lol R & el U 7253
WER D RIERS TS DTS ERICH B £ & pibmo
7o PTh B AR ST TR D, 1600°C, 10-8
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steels manufactured by vacuum-melting.

composition (%) ' . Cast : Vacuum

] - _ temp. before addition Note.
Ti |-Nb Mg 3N | Sol.N jImsol. Nf ©O | °C mmHg :
P Ni: Miss-charged
3 .
0-001 | 0-0043 | 00034 | 0-0009 | 00057 | 1°7° 2X107%. | Mn: Incompletely
) " added
| _s  |'Mn: Incompletely
' . 3 :
0-001 | 070085 | 0°0037 | 0-0018 | 070073 1550 1> 107 added
I . - T - T N - -
, - Boiled before Si
3 »
| 0-001 | 0-0088 | 0-0043 | 0-0015 | 0*0029 | 1330 . 2X10 Mn addition
| - .
' Not £ X 10"
0+00t | 0°0040 | 0°0028 tr 0°0094 |measured .
06 . : 1550 1% 10-3
0°58 0+*001 | 0°0028° tr 00028 | 0*0125
0°6 ’ : | 1540 2% 10~
0°53 0*001 | 00037 tr I 0°0033 O'OQ74»
0°95 | : ‘ o ‘ _
0-05 | 0-00t | 0-00a7 | 0+0027 | 0-0020 | 0-0057.| 154 [x 1078
‘0°95 : - ’ ' ’ ' ) -2
-0 | 0-001 | 0+0039 | 0+0011 | 00028 | 0*00s9 | 1540 |~ 210
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On the Primary Cooling in Continuous Casting.
(Study on continuous casting of steel—I)
Yoshio Aketa, Kantaro Sasaki and Kiyoto Ushijima
Synopsis:
A series of experiments on the primary cooling of continuous casting of steel was carried
out.
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