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A FUNDAMENTAL STUDY OF THE MANUFACTURE OF FERRC-ALLOYS (I)
ON FERRO-MANGANESE
A
Hideo Nisimura Kogaluhakusi & Satosi Watanabe
SYNOPSIS:— 1) The carbon absorption by Mn-8i, Fe-%i, Mn-Fe and Mn-Fe-8i alloys had ben
investigated, and the results were sumiarized as follows: BN
The carbon absorption by liquid Mn-Si alloys increases progressively from practically nil at about
— 30% Si to a high value as the silicon content decreases. It also increases with the rise of the ab-
\ ’ " sorption temperature. The speed of the absorption is such that the alloys are saturated with carbon

- ! o _ relatively in a short time.

The carbon absorption by the liquid Fe-Si alloys decreases with the increase of silicon and becomes
insignificant when this element in the alloy exceeds 20%. i _

The carbon absorption by the liquid Mn-Fe alloys is considerable on the wanganese side but
gradually decreases with the increase of the jron content. In the Mn-Fe-3i alloys, the higher the -
manganese content the more the carbon .absorption, proyided the silicon content remaining constant.

2) The reaction between Mn-Si alloys and MnO-S8i0, and MnO-Ca0-8i0, slags had been studied

and the results were summarized as follows:

The reaction between the alloys and the slags
increases with the time. Higher temperature favo

proceeds slowly so the reduction of MnO by Si
rs the reaction between them. :

The alloy-slag ratio that yields the maximum reduction of MnO varies with the acidity of the slag,
An addition of CaO to the MnO-8iO, slag promotes the reaction between the alloys and the slags.
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< v F R ROE b OOHERREE S, HEO LR L
ST B TH b5 LEAE & BEDCE~BRBT L
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& @ Mn Si s
Mn-Si-A 87-09 11-63 025
Mn-Si-B 8671 11°99 0044
B 5 £
‘ W O BE6) -
FwOR oo n Si o
Mn-Si-A — 8709 1163 025
A-1 1,150 8491 11°39 274
A-2 1,200 - 8476 1107 287
,‘;—3 1,250 84'48 11°30 308
A-5 1,300 8463 - 11-36 312
A-6 1,350 8370 1191 3'39
A-T 1,400 84114 11'08 355
A-8 1,450 8351 11'36 372
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& 1,450°C OFEET 50°C S5\ 8, BEH % 45mn
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1,150°C-45mn .'E‘Yi) %y@ﬁ%ﬁ&i 0'259% X b—W& 274%
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& mn n S o
Mn-Si-B — 871 1199 0044
B-1 5 845 15 318
B-2 8% 8438 1101 371
B4 45 859 1035 375
B-5 60 - si44 1068 372
B-6 75 8453 1083 377
B-8 %0  8¢49 10018 379
B-9 105 8448 1099 378
B-10 | 120 8445 1046 381
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BIEBERNEY 1~75% OHETEL 15 HkriEy, iR
BEE 1,350°C 1, W% 45 mn ic—3E LRGRE b i BB
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Mn St C Mn Si C
C-1 2615 7316 0006 C-11 75712 2374 061
C-38 3594 6355 0013 C-12 7735 2084 114
C-4 4443 5475 0016 C-15 82'06 1462 247
C-5 5086 4863 0017 | C-16 8558 983 387
C-6 5608 - 4315 0026 C-17 8708 748 453
C-8 62456 3694 0041 C-18 8985 366 573
C-9 6667 3268 0103 C-19 91'38 1'16 667
C-10 7148 2726 0362 @
Mn-Si RASORERGEIL S7 25 1'169% DE: 6679%

TH BN, S OFHEIETICONTHRE L, Si2084.
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PAEORREE BT 5 & Mn-Si ASIRESE AR
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B3 5 RERKE BT B Mn-Si-C ZEED 1,350°C
TR HEO ¢ OfMEHRTHS. THLTHEE") «
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FHEL TR §i20% DL EF 2 LASDOREBMKE S
FLLAPLAa Tk BIREE Mng St OHAPMEBR L LT
RROVBEDL ( RDELE~BND.

1) Doerinckel, F.: Z. anorg. allg. chem. 50 (1906) S.117/22
Vogel, R.u.H. Bedarff, Arch. Eisenhiittenwes. 7 (1933/34)
S. 423/25
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LrBETT% C &% b, Si1503% T 0999% C &
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BIRLTHE~TRB L 1500°C hd 5 HRMER 1, S5
) 20% FEERL LTHELSRERKESE L 5L
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L DTHBD LR LA (FeSi) 35 C k5 E BFEE

BEERED A BRERUEHRSEAN SN BO TR E W & E
~5.

IV. 225 -HRASORERK"
LR OB B8
BB L L 03% 0 ORRMLH L RORAOLB
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Mn- Fe Si : C
E, 9064 150 - 075 699
E, 75°86 1647 . 071 666
E, 61'31 3165 074" 614
E, 4511 48'05 057 585
Eq 3099 6277 045 650
E, 1638 77'66 © 053 503
E, 050 93'86 039 467

YRLTES. &) Ma-Fe RA4EDORBERKER

Mn Elic RCEIcZEL , Mn 90°64% T 699% C THD.

7e9%, Mn 16'389% T 5039% C Lk b, Mn050% Tt 467
%C Lib, GEOEMEILIRT S &£ BNALKA
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1. RHEHBSRURERILTER
EEROTBHER X b Mn-Si ZRU Fe-Si RAESDOR
SERICE L BEROBRE BT 2EBRds, 7-n%

VHVEE YV aw v H v OINE Un-Fe-Si JAGDHE -

KR IRFERKE L OMRY VA D EC cOBRYIT
Dk. B5, H 7, BIEOHBML Y, FRESORER
WECRETERRM B o WM& Ma-Si REIL Fe-Si
FASOHRLABRALTH Y, L bMilioTHicd

B L RHEAIING. ROTTRHESHAEDL LD BD

® 0 =
® _ﬁi ) )
# B Mn Fe Si c
F-1 4998 4217 123 631
-2 50°36 4093 274 554
F-3 4869 42'60 2'85 545
F-4 50°36 4003 382 523
F-5 51°05 3957 4'48 470
F-6 5023 3858 7°10 380
F-8 5135 3658 771 371
F-9 4789 39'13 9'81 294
F-10 5077 3439 1236 233
F-i1 5484 27°95 15'31 143
F-12 5048 3042 1775 1'04
F-13 50'16 2529 2383 0291
- F-14 5100 19°36 29'12 0141
F-15 00134

5180 16°20 3164

HIKORAOEB~ v 7 v, B2EORFOSBERR
W 0'3% C ORFRYHR & LTEBEET, BEREOR
D7 Mn 509 ©bD 14 HE,Mn 609 O b0 12 EERY
Mn 809% DbD IFEFERE E LT, BEY 1,350°C
T % 45mn c—E L, FEke F Uk TREBRME
B¥fio%k. % 10 ZRUH 0B D LS L Unb0%
DIFE 8o 45 123% DL ¥ C % 631% BT 545, Si 4%

W icoNTC ORKERS AR Y, Sim1T75% T C

1049 L Ao THI kIR B ik CRBED KD,
Si 31'6496 T € 0°0134% & A D7%. KRicH 11 HEUHE
1B Y RDLE, Mn 603 OBA T §i142% T C 610

S § - -
RS

N Mn Fe Si i
‘G-1. 61'% 3088 142 610
G-2 5978 30'96 425 475
G-38 5913 3018 553 - 457
G-4 58'79 2975 6'93 400 .
G-5 59'03 2848 876 350
G- 6 5920 26'28 1158 263
G- 17 59'51 2523 1258 226
G-8 5859 2343  -2098 148
G-9 5911 18'97 20°98 062
G-10 6000 15'67 2324 0'412
G-11 ~ 60112 1132 2794 0161
G-12 6061 6'39 8239 0083

% Wl LCHBHA Si20°98% T € 0629 &7 b,Si3239
9 T C 0083% & %OT,Mn 509% WL ClEhic C %
£ (BT B EREYR L X 12 ERUFE 12 B Y-
H2L Mn80% O &L S 116% T O 6669% ¥Rk

s 12 =
B 8 0D
I T Fe 3 o
H-1 80'95 10'80 116 6'66
H- 2 7993 11'43 201 612
H-3- 8036 10-60 263 579
H- 4 8113 926 375 549
H-5 8009 976 429 531
H-6 7913 9'83 624 452
H-8 7898 813 897 857
H-9 8036 380 1289 255
H-10 78'69 0'70 1957 096

L B%5, 8 1957% T 096% &7 b, —@ ¢ ORMEA
BHEREFR L% BB 13 B ) MnFe-8i HAE
Tt 8 B5—RDOBAR Fe-Si ZEEM D Mn-Si Fe &
IES Ko T € BKESBL T & & BHhick
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VI 22 -ERFESLFRLORE

7 = n T v 4 OBECRTRER & VERNETE BN
5L R EERES R D D, GEELEREOMICRT 5
BHEE ZERELREA LAV, BEOBA K ATERECHE
FHRVEE~NLNDYS, ENSMMCETTEE0RDS
Y45z LOBROBELLETHS. ZOHMCREE
LEREEL ORBEXRBLE A . RERE,H L 5HM
T Mn-S¢ B4 MnO-Si0, ZTR U Un0-Ca0-Si0; R
G L ORI OV THAK ETORIDTHS. TORY
R 1 RUE 2 RCRTRASOER~ v 7 v RUE&RE
REMEIL L, B 18 RERTESD Un-5i RS THEY

g 13 == )

. B &
= = Mn S (0} Fe
Mn-Si 1 48'98 5009 — 085
Mn-Si 2 46°99 51°'90 — 0'73
Mn-Si 3 64'34 34°57 — 070
Mn-Si 4 63'34 3541 — 0'83
Mn-Si 5 66°27 3244 018 063
Mn-Si 6 77'90 20°60 041 075
Mn-Si 7 86'39 11'80 084 0'78

ERABEC THREL TR L. REEL LTS
14, 15, 16 R TRAO M~ v F v, EXERRU
BRKYIFERE L, 21K SA-1 ORAO b0, 5 245
i SB-1 DRAD bORUE 27 RLH 29 EOMERA

£ 14 =
RS OO _
® B 55 im0, 80, Fe.0.0a0 o B %
 MnO-1 — 9981 — — — — ﬁé’}ﬂ%’; £
MnO,2 — 9956 — — — — BfICIzbo
MnQO,-3 312 8145 9'14 146 03¢ 010
MnO,~4 255 84'25 792 157 019 004
g 1B =&
] R 50D
= B 5o L0 Ca0 Mg0O  Si0,
8101 . 004 034 0’13 010 Y
Si0,~2 004 0717 055 — By
¥ 16 *F
) 23 N9
F B %0 g0 440,470, 50, B R
CaO-1 84'78 202 172 4'39 6'48
Ca0O-2 8893 182 146 203 578

DLYDE 7~ YV TEMNEZBHB/ALYFERAOT2Y
7y At TED, BRCERLA,
LR BRPF X
REBAMCABEL LTS 1 BoRe s BRBMEL )

RO QR RRE

BB AV EEAG, 7V 7 RO AERICHE

%;’””-—* 80 mm —-—-—-H

60mm

-

70, ZOFRL Y e
VAREERALRIRY fEO
BECEE LB B~
BEOHMESRI R U GhEE
FAYRPANTEE L T
BRI ARSI [ ;
WE—EHMERE L bk | | |
2%, MAHCBUHL, B 14 -
HOGWCRRAL, W
2. BT

1 BRILVEICLD MnrO, DET REC X 5 MUn0,
DOIRTTLEH 1,100°C X v i3 255, B~ v & v 258
Ay HOMERBC L VB~ v FricBR s s WEE
HBHBDT, BOEOFEETA 7. TORDIIEE
14 20> MnO,4 % 509 < A R b ZSR Y Fic AdL, 60mn,
1,200°, 1,300°, 1,400° KX 1,500°C 1o T BIRic ASLT,
MUn0, DBTLENDRLTR LIS, FLTROMEEH .

T

60

40 mm—

10mm

*30m».s E

g 17T &
F B EECC W) BrRoAE M #
MnO,4 1,200 60 L
- 1,300 ” oL
v 1,400 y oL

o Mn0,; ic>
BapEre sk Gio
FL YL BM, BICREYRTEL LA TR
i 1,400°C T TR D bNa D%, 1,500°C
RTLELCETNERYBRBETHH T LBEbcARD
Fe.

2. BB VRICEKDIFEORT ABERCHTR Mn
-8i RASLPHEOFEIC L 5 Mn-8i §E&ORMELY
FRBZOBNTH 55 bBH AL VEBERTELTT
B3RIKT LB HOTH, ABECBHEROERRK
AEETHH. Z0DCE 18 RCRTHERIO

71500 v

B 18 =
B 96 @
TR 0, MmO a0 Teo mp Bw W%
SQ-1 2757 6896 — 106 241 % L° 1400°C-60mn

SP-2 2674 63562 494 129 351 4 4
SP-4 2931 5309 1252 094 414 7 4
© BP-7 3039 3765 2759 057 380 7 ' 4

GErER 509 FEREE 2 L CTEHH L VERAINLE0°C
BToEPc 60mn HEL, AERRTEY, &HF

— 32 —

—*"



A

¢

e REOEBHTFR MR 535

X YRR A WE OB, |
3. RrHBRASLHIORE LE-RRBC &
b, LEREMAEIOERCKERE Z LAY & A Dks
Mn-Si R4 LESEERET b0 R B0, XEORE
WMAED DT SHEDD T LBUETHS. Z0RDE
28 & SQ-4 DO 509 LE13EKD Mu-8i 1 509 %
—RBREY RO N, —BAELSE LT RBAL
7e% b D% 1,400°C DIRAIC 60mn iR L, 853 Mn-Si
BEOBES T<r. ZOFERNHE 1 XT, 2k hok
& Mn-Si REOMc EEECK Y RSB d BT &
BB, T LMD E 2 Lk RAFAUZSHE 3 L <
£ 19 = '
B (%)
I T S 0
(Masi 1) 4898 5009 085 —

#

1,400°C-60mn, &&E& U6

K-2 6975 2875 113 — EriEEE LXI(BAeE3
. D

K-8 6054 37°23 1'86 002 L HOBAET ) Lo
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ON A NEW DIRECT METHOD OF RAW IRON PRODUCTION
Masutars Azami

SYNOPSIS:—The direct method of producing iron and steel was introduced, in which the iron
ores, especially powdered hematite or magnetite mixed with carbon, were reduced in a long, shallow
electric furnace by means of low or high frequency alternate current at high voltage.

This method has been already known as “ KOSYUHA DENGEKI Method” and is supposed to
the superior to the other kinds of smeltings in the following points:

1. The iron ore charged in the furnace was reduced in a short inlerval of about 8~15 min.,
supplying high voltage source to the ends of the furnace, and therefore the impurities included in

the steel thus made is perhaps very little.

2. The powdered ores, especially powdered magnetite are more suitable for this method.

3. The reduced aggromelates are taken off from the furnace as soon as the reduction is over, and
'the other unreduced mixture lies still in the furnace which awaits for the next similar process. Thus
the mixture protect the furnace from the thermal corrosion.

In the present paper the theoretical investigation of the aforementioned method was first reported

from the aspect of chemical metallurgy.

As any other basic oxides were not added, the reaction was usually operated in the presence of
an acidic slag (MnO-8i0-FeO system) and therefore phosphorous and sulphur contents of the raw iron

were rather high (0'1~037% each).

For the purpose of slag formation, other basic oxides as (a0, MnO were added, and (Kwun), and
reaction temperature were calculated according to the Korber and Olsen’s formila of acidic slag.
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