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PROGRESS OF SPECIAL-STEEL MAKING PROCESS IN JAPAN
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1. Special-Steel Making in Japan

In Japan - special steel making”was. started in 1882 by means of the crucxble furnace meltmg,
and since 1914 the electric are furnace steel- -making has been studied. The productlon of arc-
furnace steel increased year by year, and subsequently in 1938 crucible-furnace steel was
wholly replaced by electric furnace steel.

In 1931 steel making by means of induction furnace was started. :

At first the capacity of the arc furnace was.as small as.not over 3t. However, towards 1932 it
'was developed to 5t~10t, and a few 15t and 30t furnaces were erected. About. 1937 many
furnaces rated 10t~15t were erected. Accordingly the promotion reached to the maximum
amount of 2,258,000t, of which the electric furnace steel occupied 75%, in 1944.

After the war the production suddenly decreased to only 80, OOOt but ‘during the Korean
war it increased to 300, 000t.

In 1954, Japan had 142 arc furnaces, whose total capacity was 1, 100,000t, and 75 induction
furnaces, whose capac:ty 140,000t. s A
Owing to the 1nvest1gat10n of the Research Institute for Iron, Steel and Other Metals and
the 19th Sub-Committee of the ‘Japan Society for the Production of Science, the practice of
Special- -Steel making of Japan was remarkably improved and steels of good quality are now

made by overcoming the bad conditions of raw materials and refractory materials.

Synops:s ,. ) (

2, Development ‘of Electric Furnaces

The range of the transformer capacity was 300~400 KVA/t, but theé recent practice tends
‘towards utilizing higher voltage and larger transformer capacity aiming at quick melting.

In order to .control electric fluctuation, the ‘“Amplidine’” system is in use.

An electric induction stirrer is now studied for stirring the bath in order to obtain both
the uniform chemical composition and good quality-

8. Basic Arc Furnace Process (referring constructional steel and case-hardening steel)

(a) Oxidizing Period: »

In the early stage until about 1945, active boiling by adding the ore was not in practice.
But between 1936 and 1940 some light boiling practice was introduced, and after 1940 the
violent boiling was carried out adding ore 20~30kg/t. Since 1951 the oxygen lancing has
been applied to the melting resulting in a success to produce low-hydrogen content, good steel
and low-carbon stainless steel.

(b) Reducing Period: _ )

In the early stage until about 1935, reducing was controlled only by the carbide slag
process. From about 1936 the white slag process was adopted. Since about 1940, the practice
Has changed to the followmg. After refining the oxidizing slags, a few deoxidizing mate-
rials such as ferro-silicon, calcium-silicide and aluminium are added in order to force the
active deoxidizing reaction; then the slag was controlled to be Whlte one of weak diffusion,
thereby to refine the steel. ,

It is-important to lower the content of hydrogen in steel to obtain sound mgots It should
be noted that the quick method of hydrogen analysis was invented by Japan Special Steel Co.,
Ltd. By this method they control the furnace p7act1ce in order to lower the hydrogen content
E . [/ .
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under 7cc/100g for medium-and low-carbon or alloy steel and 1licc/100g for 13%Cr stainless
steel. They are now .obtaining g00d sound. ingots by the method.
4, Ingot Making

Exothermic. hot-topping mixtures are used for the purpose of obtaining Iarger yield, and
recently the electric arc hot-topping process is applied.

The continuous casting process, comprising William’s process and Rossi-yunghan’s process,
is now planned in some works in Japan.

It is important to eliminate the hair cracks or sand marks from steel. As it was found
that the process of casting the ingots was partly responsible for this failure, the method of
‘teammg practic; is now studied. ~

5. Heat- Treatment oo

The. 1sotherma1 transformation diagrams (*“‘S-Curve’’) are in use successfully for heat treat-
ment,y such as annealing, austemper, martemper, marquench, and isothermal annealing.

/For the surface hardening, gas carburization and the high frequency electric induction heat-
/treatment are now widely used. These methods make it possible for us to produce good uni-
form products of low cost. ol

18 The “‘sub-zero” cocling-is applied for the heat treatment of bearing lathes tools, etc. It can

L

obtain the higher hardness, low strain, and durability of the products.
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- Table 1. Production of special steel in Japan.?

i

Crucible Steel Electric Rolled g Import ' Export

Remarks

* S — <o steel - .
Year . “No of Ingot ingot steel : Capacity of
furnace ( £) (t) (t ) (t ) (t)y electric furnace
‘ _‘ in US.A. (t;
Meiji 38 1905 ! 280
40 7 ; 91
42 9 u 138
44 1 1 i 284
N ' i —
Taisho 1 = i9iz2 662 | r , '
‘ 2 3 . 538 ! 30,000
3 4 550 . ‘
4 1915 * oo i 1,746 | ,
5 6 .- {4,946 | 221 3,137 ,
6 7 .- 11,476 3,439 , 7,296 510,000
7 3 . 31 -+ 8,83 ! 4,329 ' 8,520
8 9 . 29 . 6,608 3,670 . 9,655
9 1920 . | 1,751 4,2331 2,810
10 1 1. 51 2,427 | . 5,195 12,567
11 2 sl 2,902 4,531 | 5,965 |
12 3 e 11,517 6,292 1" 7,415 |
13 4 , 20 | 797 11,985 ' 8,877 |
14 1925, 20 , 1,204 15,4961 18,905 | :
Showa 1 | 1926 R 26 2,747 18,159 1 10,942 | e ‘ Max 25t (ex-
: 2 1 7 26 1,175 26,517 15,929 2,578 — {cludJng 80t of
3 8 . 26 " 1,503 37,746 18,529 2,790 — Timken)
4 .9 26 1,778 .| 52,816 . 18,429 ' 2,457 - = —
5 1930 26 1,771 62,140 13,931 2,419 —
6 1 1,536 52,765 - 13,931 1,965
7 2 2,29 6,940 27,929 2,396 | i
8 3 2,191 139,561 49,524 . 7,053 -
9 4 | - 1,120 208,790 57,912 7,074 !
10 ¢ 1935 e o b 1,200 241,649 . 68,832 , 10,079 :
11 6 1,238 316,475 85,339 - 9,673 ;
12 7 ' 435,444 155,211 21,813 j
13. ! 8 755,887 257,147 & 24,662 !1,029,000
14 9 888,588 389,035 45,740 | 209 |
15 1940 l1,083,509 212,377 23,270 184
16 ! 1 i1,220,709 - 219, 550 5,553 ! 747 |
17 2 1,419,616 . 284,440 202 160
18 ... 3 -l "1,686,512 ° 463,206 ' 515 | — 14,629,000
; A (719 494) o : i
19 | 4 ' 1 852,420 636,867 . 179 523 .
_ ‘ ‘ | (781, 078) \ i ;
20 1945 | ; 691,074 ° 255,965 101 142
- T | (292, 843)- ‘ : .
21 6 i | 390,325 ;. 66,859 - .3
| | (73,538)' S !
22 7 ' 466,906 66,845 — 1
. | - (e3,388), |
23 g | | 554,687 | 85,406 & @ — — | 5,329,000
_ ; (98, 341)A ;
24 o (. (608,288 ° 78,686 . 2 | 59
o i . ! (132, 486) : '
25 1950 i 752,493 = 80,110 %0 | 1,564
: f : (139,384). ‘
26 ., 1 . | 931,455 ' 158,613 ' 15,888 1, 148
o 1 (260, 163) i ’
27 2 ) 225,715 : 3,576 ° 2,527
28 | 3 | - . 305,151 | 3,570 | 3,147
(1) Excludes arsenals, (3) Unknown. (4) Electnc furnace steel mcludes common steel
(2) Ingot includes cast steel. — zero. (. ) shows special steel ingots.
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) “Table 2. The production of special steel.® (t)
Year : , .
‘;;;;ig\\\\‘\\\\\\\i 1931 | 1932 1933 1934 [ 1935 1936 | 1937 1938
i ‘I . T H o . -
Alloy tool steel 487 ' 497 | 505 | 732 1,120 1,180 1,439 | 7,824
High speed steel 233 . 296 | 346 |- 562 706 1,315 1,865 2,062
Ball bearing steel 214 257 | 358 501 758 820 . 972 § 1,514
Heat resisting } 67 | 80 ! o4 | 164 169 219 362 681
Nitriding steel 15 " 30 ! 48 | 602 622 765 2,197 4,081
Stainless steel 324 661 748 | 838 984 1,860 3,882 | 4,512
AOther alloy steels 12,762 Lo 19,733 26,696 37,203 8,737 47,178 62, 107 114,059
Alloy steels, total 14, 102 21,554 28,795 f 40, 602 13, 156 53, 337 " 72,824 134,737
‘Carbon steel 8,800 k 25,676 42,681 i 47,895 | . 42,673 46,638 43,378 60, 743
. Total 22,902 | 47,'220 71,476 ;. 88,498 85, 829 99, 975 116,202 185,480
Y ! ] ] |
: ear \ [ ,
Kinds. - 1939 | 1940 1941 | 1942 - 1943 '1944 .1945
L e i i .
Alloy tool steel 12,574 19,965 - 12,315 19,076 24,871 21,737 4,491
High speed. steel 2,930 2,723 1,715 |+ 1,737 1,693 1,046 153
Ball bearing steel 3,036 6,486 14,498 21,644 29,254 29,021 6,018
Heat resisting 939 631 1,315 2,070 3,107 4,033 899
Nitriding steel 7, 247 8,675 11, 154 14,829 30, 144 37,419 7,124 |
Stainless steel 5,556 6,845 8,453 9,898 13,293 " 15,781 2,874
Other alloy steels 127,040 | 166,572 | 212,473 | 282,910 | 370,702 | 399,823 80, 297
Alloy steels, total 159, 322 211,897 261,923 352, 164 473,064 508,870 101,856
Carbon steel 96,313 108, 149 102,051 140, 209 255,842 339,509 79,308
Total o . 255,635 320, 046 363,974 492,373 728,906 848,379 |- 188, 164
Table 3. The rolled special steels after the 2nd World War.® (t)
: Year ‘ ! . :
Kinds —— ' 1949 1950 1651 1952 1953
\ - o
Tool steel . 16,305 | 15,655 25, 869 28, 351 35,678
Construction steel 23,628 . 25,348. 74,113 114,116 173,932
Steel for special use 38,753 | 39, 107 58, 601 83, 248 95, 541
Total - 78,686 1 80,110 158,613 . 225,715 305, 151.
Table 4. Recent status of the electric furnaces. (1954)% _
T . : : . Rated capacit-y' t/Year Number of furnaces
.\\ . - N | .
. . : On On On On : .
N :
Kinds S On work Stopped repair erectlonl » Total work Stopped% repalr erection Total
o~ .
"Arc furnace 1, 106, 380] 102,480| 172,900 13, 300 f 1,395,060, - 142 2C . 25 3 190
Induction _ : ) o
furnace 143, 610{ 10, 690 8,950 _— )E 171, 250i 75 9 : é 90

1%, EREORBIEOERILE; BiEiO R OD.
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Table 5. Electric furnace capacity
. &
and transformer in Japan. 2000
Furnace |- Transformer 800 N
Capacity 1. capacity- 2ry voltage )0 N\
- - - : —_ . ¢
. i ) | [¢)
() (KVA/t)' (KVA) (max. V) (min.V) 3,0 \o
—_ - — : x \
S
3 400 1,200 160 69 S 2000
6 400 2,400 170 75 x \\ :
8 350 2,800 180 81 3 800
10 350 3, 500 180 81 & ’ \
15 300 4,500 180 81 v ¢ \\\
20 300 6.000 200 92 S :
25 300 7, 500 200 - 92 ~ \h\
30 300 9, 000 220 104 S 200
40 300 | 12,000 240 104 3 °\
Table 6. Standard furnace capacity and g9 f(m 0 0 300 900
transformer capacity of Lectromelt furnace. KWH/
Capacity Transformer } Max 21y Fig. 1-a. Relation of power input to power
(t) (KVA) Voltage ) consumption per ton. )
. . Average Power fnputst of charge in KW
1 ! 1,0 2 ) i ,
> ; 1, 588 , | 2{2 /"i‘; melting A’:rce J—//f Tons/be //
3 ; 2,000 220 L AT
5 3,125 230 hd = el
3 I 3,750 230 720 i
10 5,000 240 ¥, s :
i5. i 6, 250 260 -0 ] ]
20 | 7,500 270 £y Tk
30 ! 9, 375 285 N A
50 15, 000 » 330 § |
75 20, 000 385 < 7 pok
100 30, 000 460 80 Fopoace
- - T ST TS 76 77 78 15 20 o 27 20 24 75 %6 77 28 29 30 3 %
ing Ke /7
Table 7. Furnace capacity and transformer Melting Fate =774
" capacity in U. S. A. . Fig. 1-b. Relation of power input to melting
; i rate (James K. Preston)
(hﬁ?w ugﬁgﬁai&?gmLT%?$f$r e i S AR Table 6 OB TH 5. 5%
] — Oz H¥EOHI% Table 7 TEIT 5. AT IR
6 2,700 &0 12, 500~20, 000 . = . -
15 |'4,500~10, ooof 70 15,000~20,000  4ED> 5T St~BUFEHHL B TEEICADTU 3.
35 110,000~20, ooo : ZDEFED—FlZ Table 8 DEIFERT LN TS

Table 5 Ofn & 2FIHEHIE LT, —BUzERE S
BIH t24Y) KVA (3 300~400 Cd HEIE § H&5240T
HB. . )}\/\
KEROBER R, BEREPET, KBAREA
T AEIIBHESTEOERE, OO TREINERERATOMRK
FLAATH 3 (AEH, EETRBUCREL TV 5. &
B 1915 4 (KIE 3 4E) B3 3t~10t jz 750K VA FiEF
DESERR 2 VTN IIAS 1929 4 (HEAN 4 4E) it 3t4F
TaA 3125KVA % H9 5 30 b, 10t Fei
5000~7500KVA %@L T 5. KBIEAIL L D E
BTOETECMZEEEORAN Fig. | THRIN 5.
FEATHETOIN D L2 F = AL FROBKED

SRU AFBDIN = ikt & O THA SO R E DEAE T
lzé)ovc EF%EF%@LH‘E&GCXIL/! 1Ot ‘FUT@/J\@:(‘—’ /f:
DEWVEE R TREBEES T AEIR, BESEL T

L LATHON E D, FEOFMITIMTE, E£$ﬂ®%&%
55, Ubo%&ﬁlVJFﬁfﬂFibﬁ<t , e

BLVEELL, AHPTE 35038AL T, Rokiass
OB RET ZEEERT 55, Bk FoRahsmc
DS, AN EHETIIU D, o

2. FEEARE A
EEAN 10 AEGED SRS NEAT 12 BT D, B
NT X708, AFMOBLEOMIR, SHICHE S 5 NI
SNNBOERE 2 Bispso. Tabled TRINBMML
SESIFE, b o 7Ty - 3E 199 5D IEEEEE
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Table 8.. Comparison of Lectromelt-furnaces

to common type furnaces.

Kind of ! {
N Old type ‘New type
| .

Transformer (KVA) 2 500~-3,000, 3,750
2ry Voltage (V max) : 180 230
No of taps : 6 12
Amplidine ‘ non : use
Charging (h—mn) i 45 5
Oxydizing period (h—mn) 2~ 0 | 1~10
Slag off & reﬁning(h—mn) i 2~10 1~50 -
Repair (h—mn) - .10 ' 10
Total time (h—mn) i 5~5 " 3~15
KWH/t’ 750 600
Electrode kg /t ; 9 6
Labour (man) _ ) ' 8 i 3
Table 9. The number of top-charge &
side-charge furnaces in Japan (1954).%®
Type of For common | For special |
furnace steel steel ' Total
Top-charge 35 J 22 ' ! 57
Side-charge 257 ] 168 | 425
Total 292 . 190 482

DT 4°6%TH 5. AL BERECH QMR 2R
L&) &7 3EAMML 22T RT3,

I3 EEEBREREE

WS EBERTEHEE L LT, 770 24 v
RPIRET 2L so1. FEHERTRE, Bl
BENCITL T, FEEIT AN, £5L T 05 MELE
2B HOIRIIL, T V7Y XA VvEREREO UL,
594 7 VUNTHES, BERBEL LD 50T, %
HEHBZEF T 5.

11—+ FHEEHFEEE . (Induction Stirrer)

EESFOURBED—2 &L T, IFLNTVSE 50
ICRER TN H 5. L2 ASEA #®: Ludwig
Dreyfus #F20 10 FERNICE 55D PHEEORER, 585
ORISR ISE USSR TH 5. T 1948 48
Sweden (D Hagfors #t(® Uddeholm T3 15t F&
FCH DT T, $MIB R IEPRICHEAT 15 HFIC Bl 2 5 &
BAIZDTH 5. 19524 1ICKED Timken #1T 20 IR
OBESHT (100t Z55) H b I FESOFFEREE 215 T
BEREINIIDEAOHE 2D T3, AHicids
TOH D AT T2 ek TR 200008, Bt is BRI T S B )
b, I{FEHaINIHELES

II-5 SREFEESF
© 1916 4 (KIES54E) E. F. Northrup 23 OiFE %24l
D THGE L AFH T I HEAN 6 25409 T BAIFSESH500 kg

WEREAL I %@fﬁéﬁf«%ﬁﬂbiiﬂ%@ﬁio
%mb,%mﬁmbmfmﬁafg—,_%@g
5. THS, FREHET EEASH, @%mm%%*
LB NTW 5. BRRI 29 4FEACI A& 157kW T b
1225kW HEEAET 67 &, I 164e Y,  OFRH
SUEMEEIIZ 77,520t ThH 5. HARFBEERSIF &L T
ELWESRIZIEDNTULEL, 7277 Sweden (73BT
10t DIFDIFEIN TV BHEBPBEMALTH L.

EREMESIFICL 388

IE—1 sk (BEAERER & DLEERic o T)
HEMERIIC & 2 RRROMES R KK 4 #icaT T
BHEGTx 5. WEFN 10 SFEZ T 1, Ef0 13 £
SR 2 H, W 14~5 WD 5 25 AL 3 H, B
26 GG A RIE L. 55 | IR BSIT A
BT, BEWTEAR L FEk it d b, BB LT,
BRI BER(E T H DT, BALEEIIZIAA SfEh T, IF
TLOAMENT XD THRINE S 721t A% — A BIETIA T,
Be, " 3 OB R BT, BRI RIER IR
T ¥ A0°05~0. I0%FEEDIERBIAEF LIz, 80T,
ERA LRI Y RS R B L 72 - BRI AR B e 2
T2 FELUTHEERHANT, 27 7 OFE, BilE %47
DIz YD — ~ A FESESIEINT. COFET
3, WERISHThN B 129, BOTEO R LDIER 2 1
Eﬁéﬁ?b%f,%@ﬁ%ﬁz@%ﬂ@%m@,ﬁﬁ
BATEMD SIS RIS T, i s iHE»18 5 1 g
DighDTr :

ﬁ10$m613ﬁﬁif®%2%%ﬁﬁﬁ&%ﬁ
FEARDRER NI TS 5. BILIEHSS, Skan
BRI MHAL (10kg~20kg /t) PipEE: 0°002
~0°004%/mn REET &1, B EELS RE L
Mn ds 0°29% LIUFiC 75 5 va IR L, BEHEE »
0" 1~0"15% 1Tk, AT OEERIX 2~3 L, &
Br 2~3 BT, BBERRESITY BRRIT O I

IE»EV

I11.

IHIG
HOPHRE, RBEHERVD — <4 FEIC LD, KENT

EIREVCHAT UBTC B H b YL R R L 72 R —
EITIZ LD Eih> 5, BREE b DR Bk (Al
Ferro-silicon 7z¢3 Calcium-silicide) % {#F L i&
FIBHEE 2 R LRID 12T b H 1. T OBFRD 5 BT
O RIS TEMO VD EEA S D, I
ﬁﬁérﬁ?@ﬂ‘% PFEL T2

FEFI 14~15 450> 5 1 R OBEEIC T S5 05 b1
72 BUERIRER{L 2B L, #5% 20~30kg /tREEE
L T, BEEREESIE 0°004~0°005%/mn MHL #L
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784 %&&mgﬁtu-nﬁﬁf’)?,

WHls 2T LY, A7 OHEEES 2°5~3 I[THHEEL
BRSO FR B 22T BRI 307, LI~ 7
DOFFEAIT Al, Férro Silicon ¥ 7213 Calcium Silicide
PBUBBIWLIZBEA U TREREE 21TV, 27 7 OHEE
12 2°5~3'0, FeO % 1% HTF2HELL,B¥2HT
e BT 2R R AL T2
EFn 26 SELIE O 4 HIIMEREMEIBOLN TS
Po. HEFD 21 EESLPFEREHEINT 24 E@EH LA
Bt s N cSEKIFESEITIRER 26 FH5Th
5. BEORIAADEIC $ X 5H% 0°4m?/mn/t FiFE
DOWGAET, WIARORREEX 0°025%C/mn T b
WIART 10 38130 L& 0°007%C/mn BEEic /s
h 10 ZEE B & 0°001%C/mn iT{EF UiIERET 5
i3, (BUEEDHBREEEIL 07008%C/mn) 4F
BICEB AT T 5. EREEMERR TR 4m® WGARTRI
S%ﬁﬁ@%, WGAGLIE 2~5°0m3/t T Sm/t ZHBA R
T3 5. 29 27 OHEHEE ST S b@%’%( THEET B,
R REEE LS HD T dh 500 5, BALEIORR % Eif
TAHHEMTE, 7, BHSREPREL, BASEIZR
AT b, - FHCRGEMOBERITIE, Cr OFEVBRE
T, THRDTTCA7 7 » 7 OHERZED, »OER
FRGUOEEREST 6 UD 2LEORRMFL-
FEITEiC oL TR Z kI s '
VRS § BIECBRD & 2{LFEL5H, 7=
57, ERERE, ST DN T— ik~ %-
WEAD 9 4E7 ZIREF IV NE RSV FHEEL, WEREOR R
O ERIEIE S X O BEIE B BEEhS D b, ERTE MG
L OSESBEAERITOVT, % ORER X BEIEEE
(FREEHTEE S NIz, BEOET B FEREOVTHE,
SAODEHT, MESIDT AROEE, BREROES, &K
DELEHTD b1, FEEEEICO THRHAEDEEN 2
AN, BRI IIBEEOWEDIENNETD 5.
FOLT, 819 MEESPHDLELT, FBEOER
Td HIEEBNED, B, KEZOBMTOSEE), &
i, EREROESEGFTFONI. CRITHTLT, &
BN EROEH R 7 AGHTE, EBREEE, REX
(vaw BbE, AEERIEESE) OBIZE L HEE L fTbi
2. 2 ONBEREOKESTTEINIENBRITES &1
fé@a?mamfé%o‘mofﬁﬂfﬁ%ﬁ*wm

HOZBEDOBIRIIFL » bW BIER 5NDODHDT,

ZORERZET O A L, BENL Y BEETPOKIE
{%ﬁs{gé\ﬁ%@%}% 7ccf100g B E, 1395Cr 548
T licc/100g Bl ETIEIEH LB IHBBEHFE o,
BARIC L CEED Dr. Barraclough %3 Table 10

(’*ll L4540 )&J-q ..d”“%)

Table 10. ‘Approximate hydrogen content in

liquid steel expected to produce porocity and

- wilderness in fully. killed basic electric steel.
(Barraclough)

Hydrogen content cc/100g

Type of steel Sound

U ingot .

Wild

Porous ;
ingot

ingot

j
C-steel 1< 6°66 ] 666~ 8733 > 8.33

Low-alloy steel < 7221 7°22~ 89| > 8,9
Cr-stainless-steel |<10°0 llO'O ~13°2 >13.2
Austenite- . 12e .
Stam]ess_steel} <132 I13 2 ~13e8 > 13.80
Calculated 1IPPM=1" llcc/IOOg
DOERITFHERUIH, I —HELU T 5. AFRETTHIC

ADTH 5, ZegH, G, MHNREROEET %7k

b 5 WL T LFF 2HABE S piczd b 5, TX
BB Y AGOLIRVEKZ2EHLTE 3R D ASOBA
ZEESBEREL, Joic HARRIBREIED Mol kSRaHTERIC
X hEmrhokFE LRSI LEESAER 2L, AEER

CERHROREREASVCEETEET 53N X Y, BEkL Y

ELSHBID D ED IS D2NEIRBD LN 5.
PREBHEDHIER, WEBRTAA FWIREE L, HE
BEHCED T IO TREMSIHIENE s, B

_3Fi3 Immersion Pyrometer {2 & b E#ICIEEN T &,

PORMICERSBERZR 2N TE, BHOREDHA
#i, 20T KD FAEY HHMBEEIC ThN kT /s
. AR OBDOMHEDEEDAIL 5, HEITHRME
OBFEVF I HIELL, IHELHTTEI3RTZ20ER
ETHD
~ﬁﬁ%@@?mﬁ6n,mﬁ%ﬁ&%mwgtxé
D &, EESHOTRBEOBEL KEENT 5 i,
EPIFE RO 2470, WP ICERS O ZThai
85 75U, CHITIRZEED RE LS TR R L
0)'-(“, ST (WA éuantometer ZF 7243 Direct
Reading Spectrometer) BSEHINT &7z, FHE
1% 4 BWAE LN, BTBHERRTD 3, &L EHESR
4845 U SERMEDSSEE s h AT 720 T 5.

I s

I-2-1 #ERE: #HBEBZ2EL, WEOHRE
ST RBEOBL A LS € 55 E U TR 10 £8Eb 5
B+« OHEREAMBEEINHEAINI. Table 11 03D
13 30 EROHFOREWD LD TH B 743 » P
FOIDOUSTUHEL 2L Ca-31 REREMD § DH
Pt R T & DT, Rikid Calcium-silicide,
A7~ 50150 RiD b DO —RICERE SN T3
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&ﬁa@—z-ﬂa' 785

Table” 1} =~ Hot-topping exothermic mixture®
— : - : : - —
CaSi | MnO, | Scale | KNO | S2100% |Mn-ore| {0% i Fe: Si’ Al |NaNO; ALOs; MgQ | CaO
: - . . . . T T f ; i
L4l 20 | 30 | 9 | | L } L
2 41 20- 1 30 | f ! o9 _
3 55 | 35 - ; ‘ : oo ‘
4 . 30~40 | 50~70 8 o :
5 | 35 20 27 6 10 ! '
6 25 50 10 5 5§ 5 |
7 30 50 - 5 10 5 ; ; : {
8 | 45 45 o 710 v ;
o | 47.5 47.5 5 ! I g
10 ! 50 40 10 : ;
i1« 40 50 10 ‘ T ‘
12 55 40 .5 1 ;
13[ 50. - 50 : o ? l .
i4 | 13 68 115 i 17.5 PR
5 ' 10.5 54.5 1 ' i 14 o | 5|

£ 14 & 15 BEIFTH 5 LOBWEH S -

1-2-2 EISIEL: B 10 KRS TR
B b NI BRI S D R U Ish2 1005, Kellog OEEDS
EHAATEES 61, HEREE2 57T 50T
S5, AFLT b FRFD 26 F8H 5 B THEEZRD ZE)
REC O S FEREEIRNEE 2T 2 B 2 ST TV 5.
HEREBETHK. K. i3 Kellog ¥2FML 2. T
D SMBIAEETIS S~10% A L T % LR LN T 5.

B-2-3 Eighrads: Willlamsyk & Yunghan's¥id
234 BAS, i948 4E 4 A2kE@ Allegheny Ludlum 2
4t T3 Rossi-Yunghan's¥k%, [9504FITIZFERMD
Huckingen €& % Mannesmann ﬂméﬁf‘;i&’ung-
han’s ¥&%, 1948 SE3RED Babcocks & Willcox Tube

Co T Williams MOEGHERMEREL T, T
WRBHBAIEE N, KA RREIEOOH B 19544

& Scheffield®U. S. Steel Co Tii Rossi-Yunghan’s
DERBEAMT T, FHRAOEECET LT L&
A b+, T 1 Canada (D Atlas %ﬂﬁm%ﬁ‘f‘ ;t 'Rossi-
Yunghan’s=X OB SER L, ZE%B/JFCIﬁ%: =2
E%ﬂ*@ﬂ%@Aﬁmmiﬁ%?%ﬁﬁfééﬁﬁ
T {,&E@EI%K K.%s Continuous- Metal Co. &
¥R Us Ross: Yunghan sﬁ)&ﬁd) FEFPTKE 4 5
ESZROTRE EDFHT b 5. %&mibﬁﬁAﬁmwi

SEDE BT OBEHCBEE LB S 25, Eaﬁwﬁ’ :

ﬁ%ﬁﬁm@@%@bﬁﬁﬂ—ﬂ@Q ﬁ%@%&@
f,it%@@ﬂ@%%h&ﬁ%mﬁ<ab,mw$%
%,@®T%i®ﬂ%%éteﬁgm&5ﬁ%%®%m
BTh 5. X%Tmﬁﬁ&%ﬁﬁﬁz~3mwwﬁﬁ
kmﬁ%%u%ﬁb,ﬁ%*féé ' -
I-2-4 @ﬁ%m%ﬁ %ﬁ%%WMI¢ﬁbﬂT<
ERAETH DT, CAIBEEILELSEE, 2,

| HREOR L EOBIROR 5D T 5. BRI .24 £ T

b5 BASMSSO BTRTYEHaT, PO
Bk %2 E0R & U7 OEEOBIE 2T, IERSROVEEE
%%&%b,cmm;cfﬁﬁbtmm¢muﬁhgw
FEDOERAE 2%  OBFEAR LNV I R RES S
NIEMCERFER T A EEA S AR L D, HSRD
ZARTHWIEDOFREER, FELBERVG S 52FHPRBD LN
Pz 2 UT, RESREGRM O BRERERIHL, ﬁ%‘"ﬁ‘ﬁm&fé
i ﬁﬂ%ﬂﬁ@iﬂaﬂ%ﬁﬁ%mw b, mERINEgE LEHETH
A8, WIS A ZER0C & SER{LEEICIRIE T N &
E%&lﬁ%bfﬁE?%%%%b %%C@ﬁﬁ@ﬁ%bi
BIBNARTH D EDFERPE. BRODLBEHFGE
X B THEOLN T AEIRTIEOISSRITIER O3 D5 5>
NBTH59. ‘

IV. SSHMOBMUMIBEDES

| EAIC 1 AEMUERORBOE LS DL LT S-
BEROEIC & BB RIS L L TOW ABIR

Y EE AR L O Sub-Zéro ALESZHHIT SN

A.

wg;‘&%ﬁ¢%®ﬁ%

1930 4 E. S. Davenport 5 4 ¢¥ E. C. Bain iz &

b, WD TEMOEREROBEEYFER I N TH 5, &b

/- ERIBWNT B é@%ﬁ%@ﬁﬁ%%@ﬁ@@m%mﬁb

N, ThEHFERIEERDbL, %ﬁ&%@,fsz@ﬁw

RUEH I N

RESRDESNEE iﬁbmip Bﬁﬁif?ﬁiﬂ I/ TLE S>&

CBBHAIFETH DT, ZOBHWEEIT LY, B E b 73

D, BEAL 8OO TH 5. BILEBERAIC LT,
DRER IR S ¥ BUET HDOI. R D LRI BIZEE
LENTH 5, TNZIGBT 3 TFidOWX UKL D
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786 g X & 4541 4p

B 7 T (s 40 MERET)

BRI U TIFbh TN 5.
(1) [EERZTAEPest(Isothermal annealing)
(2) [ERZEYEA(Isothermal hardening)
(A1) F'—=RFv—(Austemper)
(=) —~a 7 v~ (Martemper)
(»~) ~=arz=vsF (Marquench) .

(3) {EiEZeE:5E (Isothermal tempering)

C DIETREEREABIT L2 T, FELREMEIT X2 T
85 NSO BE BB TR lE, EREDMREYEE, 1e
Ephk, FORBEEROM E, LOHMMELNBD
TUAFIS FEFE AL TV 5.

IV— # = B8 R &

NS D SITETEIEL, BRI VAT T—ED
IESEDSTIRB T H 5. BIL (1) EGEETEE. (2)
ﬁﬁl%’ﬂ\'ﬂﬁ‘é- (3) BIRE®DC %% LHOFMERIC X b 8
HITHREN T 5. (4) B—BRISHRS. (5) BRE
DEIDTRENELETH 5. (6) BIREEIOENAT X
5. (7) (REBUEOSE L BESN AN BUERHIN
5. (8) MEHNEL 255, (9) REOREIBELNS
ZOHRV BT 5N B. SIVEE, BREDBRITIE
FICHEET 50T, COFEOERMVIERINI. U
AL FTRIR? R, kEr R, 7w~y (CgHg), F 1o

7 2y (CHw) SHEVLN, Fify 2 ik«

VY - R EFRT B Y ACITLER & BT ADRE A
ﬁikuNi%Qﬁwmﬁhfﬁméﬁf,ﬁﬁﬁm
XU T Faidk g 7213588 72 BN ¢ FHBR L 72

AR E. fk@&n%fﬂ?uﬁ ¢ 20~40" &”077:1*»&‘*11‘ ‘

LEINTH5.
CcO H, N, CH, CO, H,0
% 10/20 35/55 14[/45 0°5/1°5 1&F  1MF

BROESE 7 AT § AFTEY e 5 N BRI
DD TEREIC AF T 3D T« HEIET DT
%. . :

IV—3 SREFEEEALE

AT, A0 I3 R0, JIeSpZER KK, AT
BT, B. M. W. FEEO ko & vEOEFEBEALL,
Tocco ¥ EHLAIDI DHVELETH 5. BEEEID S
k7bVﬂyl,I7ik/ EhOZFEE, BHEORE, @

SEOREMPEACHEHE SN, SFITERL TS, &
BORE (1) BEABRMGER (2) BRNEMETH 5
B b BipHS e <, BULEE OB HED T RO T
TN T — B — B E—BEAD TR CHMLBO T
VEENBT B, (3) THBETLUD LB (4)
EEEMENGT, BN LU, (5) TIEENED TES.

(6) BIRBEILARE, (7) EHMEBIEIE,  (5) HMEL2
0°45%C, FIMBEESEHTINETH 5. KEIHERE
ELEORI T EL TEWDO A% 3,000~10,000
fﬂ?iﬁ%ii@?ﬂf & 5 GTFEIRAFET § SRR,

KKTERFER, TSR REASHE 4 @E‘i‘@@?&& =)
F‘ii&%ﬁ%ﬁ#ﬁ@unﬁ@éﬁ U BRI AZFET x SERITI
21D T, & ORAEENGEHTHEAL22H 5. B
& PR & Kk it 2 ZZ D 129 Table 12iT48iY 5

Table 12. High frequency electric source,
cycle, capacity & approximate price.

: ' ] Capacity l Price
Electric source KW

Cycle

L $/kW
Motor generator | 500~10, 000|100~1, 000 230~100
Spfgfvegl,%grtype‘ 10~200kC | 20~50 ‘ 270~180
e e e | 200~500kC| 2~200 | 600350

1,000~500

1 M.C up ;o_'2~1o

*  20~40M.C.

1V—4 Sub-zero-cooling (ZE&4LER)
- BEASGREIC 0°C DT OERICBHIL TEEA — =
T A+ DD R Id D AT, FOMEHI. (1) BEAS
Sub-zero AWEZITVOEEEED LA, BEESEOE—{LHS
Boni. (2) BEABOSHOAEIEIOIRY, B0
KETH 5. ISAGHEITEEERE (FIA N2 Y —,
Ky, w7, 7w -5 FHRE Cr FREHR, Bp
ST, BOES, B UBDET, ez OHESEA TS
3 L ESEEESHOM E LT S. M. Depoy! 3EREDE
HEEERD <A FICAAE R HEL 12129 7 DFadi41% 3
BLIZEFERL TS, . ‘
| % W
1) SEABETS RSk mE BT
2) SkeHMEH SRR
3) HAo@kMss 129 (1954) p. 52
4) 6) SRS BER M, SREIEED, IP20LEHE
(1954)
5) BARMire
10
7) BAEFHEALSS 19 ARASEE TN
8) £k &, 38 (1952) 12, p. 42.
Proceeding of the 1 st World Metallurgical
A.S.M. 1952 p. 247
9) & M, 40 (1954) 4 p. 20
10) FE, 38 (1952) i2 p. 71
11) Trans. ASME 66 (1944) p. 45

BEIUADI 2 LIRS (1940)

Congress, 1951,
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