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RECENT DEVELOPMENT OF ELECTRIC ARC’ FURNACES
FOR STEEL MELTING

Tatsuo Hayashz Dr. Eng.

Synopsis:

The author put together the researches on recent development of operation and c¢onstruc-
tion of electric arc furnace for steel smelting. .

The steel production by an electric furnace in 1953 in Japan was about 1, 300, OOO tons and was
only about 60% of the maximum production during the war. In the United States about 8, 160,000
tons was produced whxch was about 5 times of the production in 1940, and the production is
still increasing now.

The production increase in the United States was due to the adoption of radid smelting
process by. bulky high-voltage electric power and also the reduction of production cost by
using large capacity electric furnaces. Thus electric furnace process can compete with open
hearth process and was used not only for alloy steel smelting but also for carbon steel smelting
very widely. The production of rapid process simelting furnace was recéntly made possible
here in Japan because of the technical cooperation with Pittsburgh Lectromelt Furnace Cor-
poration. These furnaces were already installed at several- plants and obtained very good
result. The author explained the technical progress of production method of electrode for
electric furnaces and transition of refractories. He also made an research on the progress of
operation method, especially on oxygen smelting process, electric power and heavy oil combined

process and induction stirring process.

Lastly he made study on economical problems of

electric furnaces ‘based on expenses mcurred for various product;on unit.
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Table 1. ‘Production percentage of electric"

" furnace steel (1952).
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- Table 2. Records of constructmn of the
large capacity furnaces 4n Japan.-

Year Fee c(izcg)ac1ty1 Location
1927 10 Daido Steel Co.
1932 30 Kure Navy yard.
1933~34 20 Nagasaki Steel Co.
1941 4 Yawata Iron & Steel Co.
1944 4 Nippon Steel Tube Co.

- Table 3. Number of arc furnaces arranged
. for different capacty.
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Table 4 Records of construction of the large
capacity furnace in U.S.A.
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KVA b N T 5. DRI R £/ R @ﬁ&@%@®i$ﬁ0Z%ﬁ%ﬁ®@%#%~m®ﬁ
Fig. 8 O30, Bkt 2F0OAER & T ESRER Whid b, BOZRPEFRARFY 7 7 £ R F =
L DBERRIE Fig. 9 ORTH 5. BESFRZA v 7 %ﬁﬂﬂ?%%&tﬁfﬁéﬁ&tgﬁ‘ﬁﬁﬁ_&ﬁ? AERITIZ
X {95 C IS D THHE b &R URMALY OT%t._ﬁﬁg&oﬁ%tﬁﬁtww&%m@@,

‘Table 5. Change of transformer capacity

Dia of furnace shell {(ft) ’ ‘ 13 ‘ 16°5 ‘ 17 ] 18 ‘ 20 | 22 ’ | 241/,
Furnace cav.pacy_ityy',_ (t)v o 20 - 50 55 \ 70 l 90 l 125 t |
o N | 10, 000 :
Old transformer capacity (KVA) 6, 000- | 10,000 -~ 12°000 10,000 | 16,000 —_
. . , s P < 116,000 | 20,000 25,000
Modexfn tragsformer capac1t~y 20,-000-| -16,000 | 25,000 ~18 7501~25 000 36,000 | 25,000 ~33, 333
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B - RV RAEHE= -7 ARERE T 5 NERREROR
BHIAE 2. ULb L CNED RN AT RS BT
KEREE LT—RIEDNTVWA ey T =~ 7 A%H
¥t & T APHEESTONIEM 3 EE S ERA I, s
E E OEBOBEREZ WO T & 12, )

WETESS, BEFN 21~23 EERERR ST A Y v T =
— 7 ADEENHFFHD 15 BREERES L, 20OLE
EWIEHECEL 2120 T, Zhic X > TE2 1-EBREI
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i LS 57‘3 &, BRI B a%ﬂﬁﬁ&%b 5 DHIE
=T JL?EE&O%E@'IB rEoTHEY TS DD
TE LMD

REAN 23 423 H, HEEORIL RIS B BIC BRI
EESHPRILIN, B«ATRIINIREE, BAHES
WO & B ASEERIC L LTE L L ST 3 ERIE
FIEE = — 7 A& 5 C EHSHIB LI DT, B
24 22 L HKED Great Lakes Carbon Corp. AT
=~ s ARMATHCE LD, TOBENES »TF =,
7 AZC DA G. L = — » Ao 8T B h A
iz CORIESESEI VTR S BESHET
b, BEOEHEHIE 0,0008~0,0012-cm &7z b
30% OREZRUIZ. TR~V v s ORI
F¢ % & FTERMMEEEDFLE & BRD TBBOMEERI
FRFE EDO—R %5 b BEFT 26 4EITIZBERTOD 10~14kg/
HIGH t i RA L1z ‘ ; _
BEOHFIRT 27 ~ 0= F= » 74T T 5 GG
fn 25 EEHSB @6& ﬁﬁ2&47$®2&$ﬁ¢

BEEASA

- REZFMEXUFSGTEBEORERZ ORERFIC U TSE

EEDOHRBEL IO TH # -5 ~3k, BBF284EL bH-

| ABHLEEICA D BIETRERED 50% H3T DT~

- F=y 7 AICEDEA SN COABBOMIRL
Ve BB Ee ), B S FRIZEEL 2 D R OB
BRI ot AREEREROMER = v 7 A
F e K=y FARAE THREOHEEFR 2EDHT S
& LI 5 § i 5 SREBMTEOHIHES Lz,
HEEBMTEOES, SEOBEN > 3 I BHEE
il &SSO ST & D TIREIC BV TIIEB DR
BArid 6~8kg/HSHt TR L Skg é(DmZﬁ%%—r LT
WaEbHbhic.
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Fig. 11. Yearly'production of electrode“

Table 6. Present productlon capaCJty of -
electrode?®? '

Artificial graphite Natural. graphlte

electrode - electrode TR
Actual | “Actual |

gagiacrg‘gntzf production gaﬁlacr:;cgnt(;f production
quip capacity = €44P capacity

35, 000t 26, 000t 49, 900t 34,900t .- -

A0 26 FFIREEIC 11T % BAELERR B3 Table 6 0.
BTH 5. WABBMEBOA S IZFRFIS 421213 8in ¥
BRTHOIHBERK SV S O HERZ BT/ D IR 9 '
GFiTid 18in DREITAE) LIRS TIZ 28in 328
EOEIEBETH 5.
T AU BEBNTH, 70t 90t, 125t tﬁﬁ%ﬁ'bﬁ@
b>i§7lﬂ g AIRED T, ﬁ%%féiu?)(& Ay b:&lﬂ)\
ﬁ%%%@ TBEHGRKR L7 OREEEM»ES LIz, R
51937 4 (FEFN 12 4F) 1012 20in DEMBHHISE, 1947
4E (BRFR 22 4F) i 30in B I N, BHMARIZH
Jn ULF=nR=-F-=97 /V—i@jﬂIﬁﬁiﬁ C?‘OL\'C B
D 2R LTz ASER T EE S hfc\é%ﬁﬁ@!ﬁ
I Pl U Table 7 DERTdH. *)%ﬁb:'@ﬁ 33 L
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Table 7. Characteristics of artificial graphite electrode.
y . . Specific . Heat
Maker Dia PO‘;OS’tY Apparent True heat conductivity
(in) % density density Keal/kg/C | Kcal/m h °C
Acheson . 16 ' 3714 1°395 2022 | — 91°1
G. L. Carbon Corp. 3~30 | 26°4~31°7 | 1*53~1"65 2724 0°45 96*7~126"5
Int. Graphite & Cy ey . . . . « 200 ~129
Electrode Corp. ] 3~-30 21~-32 1°50~175 | 2°21~2"25 10 166~0°390, 54~12
Showa Denko Co. i 3~20 : 25~31 1°55~1°65 | 2°0 ~2°23 0°30~0°45 90~130
Nippon Carbon Co. 4 | 25~29 K4 2°2 — 110
Tokai Electrode Co. 1 7 ﬁ 23~-31 1°50~1°70 | 2°15~2°25 — 90~130
Coeff. of ther| SPecific Bending Tensile Compress Young’'s
Maker mal expansion| resistance | strength strength strength | modulus
x1077em/em®C|x [07¢ Qcm| kg/cm? kg/cm? kg/cm? kg/ mm?®
Acheson Popzee | 88t 260 117°3 466°9
G. L. Carbon Corp. 16° O~20 8 I 8 38~9*65 |-73°8~200 36°9~-70%3 | —_ 492~844
Int. Graphite & . - . . ~
Electrode Corp. 35°2~73"6 6° 3«;11 3 | 70°3~281"2 — 210°9~351"5 422~2100
Show- Denko Co. O~35 9*0~10°5 | 110~180 35~80 — 450~850
Nippon Carbon Co. ! 9~10 120~200 50~90 250~350 600~900
Tokai Electrode Co. 18~27 i 8{»12 100~200 30~70 L — 400~-800
Table 8. Relationship between furnace diameter and electrode diameter.
Dia of furnace (ft)|. 8 9 10 [1~12 13~14 | 15~16 18~20 22~-24[t,
Dia of electrode (in)| 8 10 12 14 16 18 20 24
Transformer 1,000 2,000 3,000 5,000 6,000 10, 000 16,000 25,000
capacity KVA ~2,000 ~3,000 ~4,000 ~6,000 ~7,500 [~16,000 |~25,000 | ~36,000

{3 e & OEI: Table 8 ODETH 5 -
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O EEFE VS EE I NIED 2. <7 kv v E2EAL T
FH LT N R gEET 5 HERBRC I —3iciTbn
TN, <o ks A OAFRMNG L 5D A BRI
ORI TH D1z, 8RB ICEIE~ 7 % ¥ DIAH A
INBREDODTHEISZFZT ¥4 Z7OFEHHED LN
7e-
H—Ti<rxv ¥ 2ERGE L, CHK Cry05 AL Oy
PHERRA U TSAROM, MEREORD TEL,
U2  BB{bgkic & 5 BB REN M 3B O AT THA 5
AA — Vv IEOEVERI L OB, X L&D
T % 8kiRIc Tas Steel clad 123 3 HEO T TH
A Ritex WK, DCM BiE, MAC WEZORHEE
BPUOTHEDIEIASI N, ChEGERBEIIF OIS
HEUTHEHASNSLETHS5.  Vancouver Steey
Co. TRUEBEME %251 VEIZ T 3 L &EITEDTHE
SkOEABE D55 6278E %388 *8ENCIE T ¢ & B3t
BN EHELTE D, Friedrich Harms fj3%® < pe
R X2V H R F R~ A T2 U~ % 109 &
A& =T TRA VBB S E Stk 74 = v
s HSHISE, 10t SFDBE F v~ A4 MTT 60~100H, ~
%Y 4 1TT 80~120 M, ~ s Fv v RIS E 100~
150 EOEEICIA % &< T b, Leigh!® pid 10t
T LE e~7 i5E2E S 3 KR8 -SRI O
YIEFEAIE 150 ETHh 5 & BTG
(c) FERH
 BEFEFFERM E UTIREERIBA S~ 7y v - 29
Vi SRk X - ARBEHTEY A2y 7L TWHWTD
TdHoh, FERBEOFERFERBE Fe <4 LU TS
EWVWSHERL, Fu<A FRFERHE UTHEREL, <
y*é% 7V v~ RET A BEN b, Z L
Tﬁ a,Fﬁﬁ®ﬁ%mi5%ﬁ®ﬁ%mvaz/v
wAi@&w@TﬂOT wa%@ﬁ@%%m@K
& LTI i%ﬂ’ﬁ\é T ESHAS B & 2p DT
TRV TR ruv4r@%w@f5ﬁ%%rk
v X hET, %ﬁrwv4b@ﬁ%%ﬁmbfétm
FEFI 19 48, MOB~ 7 %+ ¥ OBAIET 310 RA
T —RICEREINED 2. FEOBARICREREREE
AT AT b B 5 SVEIB R S KR B b, B
Ay R BRSO & S TSP T NIz, BT
R g b - 299~ ORI DUV T OBIgRIR
BN O THFDN, Fr~A b 70~80%,
4 b 9~13%, <r&xs ¥ 8~109, TR 2~5%, B
b8k 1~2% »BE& b7k@{b<’ﬁ x ¥ a—4& 3~5% %
mA %L b&ciﬁfﬁ—'ﬁﬁ{b?ﬂ, BZB%ESZ[_.{%@? Uvh

Va=-2d

~RIA T BB Ty r TR EILE DT
% ORHLIE R SE472 5 Lid, BRFI2847IT 12 J5 260, 000t
ORZFw~ A FFETEHSEER F e~ A FEFITS
B LTEI b, RAEI B AR RS OEE
YeDtz. BRB R~ 27T — LWV E OREBWERS % Re
154 v’l‘able 9 DETHD. APELBITE2 Ve~ 10D
EERIE 2RI E Fig. 12 OFETH 5.

Table 9. Chemical composition. of “‘Magnar’”
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Fig 12.. Production of dolomite clinker

e~ R BIEEH & LR 58 A 0RO A

BB U TR Z OMIT W O THZELED b NEERE

PERINT I DD, 2 DAESEEEICONT SHE SN
TWBH. A ¥w~A DR ICEKRETFRZEET
B BRYEI3 B AR St IS B T 30U THIZEASIE
» 51, SBHOEITEIC C N R U TTEE 25 LW,
BB TRAFRTHERBINED . .

X. BREFIOHES

(2) BEEREM

MESRIC & A SR IIBiT 1923 FELSFEImMINITL
TDHMEAI S RBUCADIIDIT 1942 EpHTH 5.
FEICE 2 EHRUHEORSE, BHOEHR, BESEREORE
W, MEORS, SEORESERLEDTIRIHIEINI
DT 1946 LRI, XEKFIIEERTED.
BRI W CHBR 2EH LS ORISEII LEB LY
Ko T L DA A0SR ER L, HFITE
A HEMADRROEETH D, BRROESFTH S LW
DRBIUEE B0, BRIV TIZ 1948 ETEIH S
ﬁﬁéﬁTﬁOﬂQW%WTﬁ¢$F8ﬁ® LEPIZEDS
FHN, AEOED THEHS S CEPEEINLDDOT
7 OBETCER URE T ESIFMO 95% HE

— 5] —



546 & : W - 414 855 B
Table 10. Standard practice, for steel making with oxygen.
Blowing . | Rate of. B'lo'w”ing Blov}ing | Volume of 'Ct(i);lnsuor?p'. 'dgcz{:::buoi‘t-l-: 4 Oxygen quantxty :
pressure | flow rate © time oxygen lance zation used for 1k§ of -
{kg/cm?) | (m/sec) | m3/mnt | (mn) (m?/t) | (mm/m30,) | %C/mn) carbon (m?%)
5~10 | 200~600 | 0°5~10 | 2~5 ’ 2~5 100~400 | 0°05~0°10 1+2~2°2
SBEERAEL TV B, BIBEM 1L OBBIT X > TH 6 Kwh OBEIDEHOH
EESRODMEEL & £ ORI DOV TRFRICTHIERR  K3DTH DR DENE T BEIHDMMMT & D THEE 2R
EThN®, {fpSEZELRER SN, ZOEHRZRYE  Hi~:x b>§z‘3>7b§'ﬂ%% INBEDTH B

(¥ Table 10O TH 5. BEREEME 21T S click
DTBIWEFEHBOERAILIH 10% DEIY FIFEich
HFRE DRI 5~10% SE» bhiz. BRSNS
B4 % 4 DHEE, B ThhO~, L EEEIC S
WT 3 —BORE®REL, Cr, Mn, OEINSE? A
I OMBRERL D, FEERLIFHICRIEONL. L
PUIN2FT DI SR MEEHE 2 BEET B0
TESE R U2 WK SRS DU T TSRS HE
D b NEL A BEDSHER 2D T 5.

(b) 7, FEIHEEHE:

RIIBAREXTEDO—EE LTERINIHETHD
T, EEFILIIRBR Y A RREMT L O THE ST
L, BEFAERIEPEREALTEHFETHOT,
FEf 27 ERFESINCE D TRIBY b, EIHFE 1B
R THAZRE % 1400°C i iigh L, - 2 OB & bt
U, % 15 SElcERRELEIET A EIEDT
t D IREFREE %, 216kwh &1L 40% R EHGT
3L &Sk, BEWMOBERER 46 I/t ThOo & G

T ALLESDE 20t JHIC 2 — 2 A5 A% t M) 42m?
WGABRREES 5 C & 1T X0 THIBFB® S 514 kwh
/t % 330kwh/t kS L 36% OB REFON.
begEw AT EIHOE RS R O HOSMC DL T«
FEDSED b1, T DEEBIEI DU T 3R b NID

(o) BHEEH

1936 % Dr Ludwig Dreyfus Fict ’J'C%%*’éé
N1 B S OFERR R 194748 UdEhOIm_S o
Hogfors SSHT M 15t fFe ¥ 1948 42 Suraham-
mar Bruks £ 10t JICRE W b N TS ODHENFT
bﬂ"”“w ME OERL, WEHRIFROIGE, E‘T’ﬁﬁ?%
E-3-% éﬁa@%ﬂ,%m*ﬁ@ﬁh%ﬁ%@ﬂﬁ%
SZEE LBLICBKIT 380 Tig Table 11 ofp< 11 I%‘j&c

O)”“ﬁ%ﬁ, i Timken Roller _Bearing #t 90t
20ft 73 BOREIRED TR LT, SHUE 12 BE 5 A
iﬁ%ﬁ%ﬂ,ﬁﬁi ﬁ¥®2&6ﬁTb,%mﬁ§
I ICERICTERT B C L AR, B DMORS b
Ry THEEITIYD Z> & b>tﬂ§'€5% CfJ’DL LHE
LCW 559,

BOENC BN TId, FEFD 26 EPRRHSAMEEI DU
TRERASWOIGRICETF U TEBYEEE 2 #R5 L*mEHn
TEXEHMGRSM IR AEE P 2t BRIOHEICEN
I TR 249, BEW, MEMTEERRTS L
SEIC RS 00 B BREDIIE 21720 TRERDBIERRE
%b&?&bﬁﬂ%ﬁbﬂ’\@fﬁ%@%@%%%ht‘

FRIE O EEE L KT 5t LTI, y%h#é%ﬁ
BEDDL 3 B O®S -~ HED 5 %Aiﬁéiﬁéﬂ CSBEISH
ﬁ*&f;@%a)(‘;i‘z‘_gﬂa '

Tablell. Plant equipped with induction stirring furnaceh
i . Dia of = | Year
Plant equipped Nathn furnace she]l(ft)ﬁ -equipped
: o i
Udeho]ms AB Hogfors JernAerk Sweden 13 1947
Surahammar Bruks A B ) 7 12 1948
Avesta Jernverks A B 7 oo 17 .. 1952
Udeholms A B Degerfors Jernverk 4 . 17 4
Fagersta Bruks A B 4 17 A
Hallefors Bruks A B . L7 LI 4
Timken Roller Bearing Co. Canton, OhIO U.S.A ) 20 4
. Patris Echeverria S.A. Legazpia Spain A 1953"
- Société des Aciers Fins de L’Est S.A.F.E. .- France 15 4
Fabrique de Fer deé Charleroi Belgium 24 1654
.Republic Steel Corp. Chicago U.S.A . 20 .7

Data by ASEA 1954
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Table 12. Heat balance sheet 'o,f-—elegtricA arc. furnace. o
- Investigater Kiso Iwadki Araki | Yoshida D.D.-Moore
A ] Electric T
N . . . . power 58°7 |, 100 | .76
4 ' Supplied electric power — [76'5 76°3 | 90°3 | Hey 18:0 — 29
a. ;. Sensible heat of charge - — 1°8 14 — 1 9:0 — —
.8 ! Oxidation of electrode — .9°2 8.3 — 65 |- — —
= | Heat of chemical reaction — 02 12°1 88 13°9 — —
.2 Heat of formation of slag — | 23 19 0-9 2°0 — —
= : _ .
Total heat input _— 100 ) “lOO: 100 . 100 . 100 100
o Heat quantity of steel — 5°6 35.2 | 45°5 273 70°5 - 596
o .| Heat quantity of slag —_ 96 11t |- 7*1 11'6 4°2 47
= & Endothermic reaction 20 3°0 |7 06 0°9 1°2 106
&) L . :
> . T i
< Total available heat 20~65 | 57°2 49°3 | 53°2 398 759 14°9
Loss by cooling water 4~18 2°2 37 81 91 38 32
\J . 4 - . -
S| a2@ | From fce surface 7~15 | 42" 47| 25°0 — —_ —
& 2'2 % | .From electrode surface 10~30 7°2 6°8 2'5 —_— — —_—
2. E:SE - From furnace door - . 2~6 4°8 4°5 29 — — —_
- = =] : —|— : .
S S Sum 15~40 | 16°2~16°0 | 30'4 . 8°3 10°4 8°8
= : — ' ' :
Transformer: 10~25 1.8 1°8 — . 1°5. . — —
5.2 Secondary leads  5~6 2°8 27 —_ 2°1 —_ —
foln e .
w s ; Electrode 1~5 6°7 6°5 — 5*0 — —
o2 5 - , = — =
= e Sum 18~35 | 11°3~11°0 | — 86 7°6 58
Regenerated heat in the furnace | — | 116 12:0| — | S14ts | — —
Heat loss due to outgoing gasses etc. 2~4 1*5 80 8+3. | . 19°3 - 23 7°3
Grand total v 100 | 100 100 | 100 ~ 100 | 100 ! 100 .
i i C ‘ 0! 10t 60~90t | 60~90t .
Furnace investigated 1~6t 10t 15t (Heavy oil) (Comcharge) (hot charge)

XI. BRFOHER

EEIIF OBREHIT DU TIHBRIT S L OTIZEEEHSH
FNTULBH5%9,
SISO 2EE UTESY, FWIEEDRE »HIE
IBE LT, ERFOHEESZTNUERT 2 EERE
ENFZLB TRV BICESHDIELIS 18~35% D% X
CROESETIRAI 15~40% 1T 3L TV 2 5RE %
A EIHOEE L ESEROERIC X DT 20~30% OF
TEOWNIRELTH BT & T LI
BRI b'c@z» S NI DI RDFRREIC DOV T
DEERIIBRES 2472 T 6,  AEBEHDOBRE b v 77 ¥
~-T& 10t F&CO %?‘%aﬁ% TNOBKHABL D 1L

ﬁ,%%@%uﬁiwéaabaﬁﬁ%mﬁﬂﬁwﬁﬁ,
FiIH 50% T BLAELS, FEAREIL™D I5tBBC EX.
T L TEMEL.

) =11dag] %?ﬁ%ﬁ%ﬁm #gBRIL 52.6%
¢%ox3m%%£®aé@wﬁ%ﬁﬁﬁ%f zhid
bﬂ%@ﬁﬁl@ﬁ CEBR L. F3

AE, HEFEIIEBHOSS OB

HRECIIRESE

ﬁ%%&@%ﬁ%®ﬁm;

FREEOTEE LD 254, .:EEI, BRI
EIHBN A O EEREN 24T O L & & D TEEBEDNA
WEED % > R RANC X D TEHE L, BRKIEHhOBRHY
ADSFRBEED 19~20% D% X ITET B D THDOS
BEPEDHBTNETHREFEA TV 3. BEE.D.D.
Moor E33 60~90t FHDATIESIFIC D THUSHE
PHEE L, BREMELR 7.6%, EHEOEEESIZ,
10.4% T UTEEERIT 76% WET S &ﬁ%bﬂxa-
PSR BIEEEIT & B RHAIBLIE I T — ¥ 2ETIIE
Table 12 D TH 5. ' '

XII.

(a) %J’JE BARL

B SUF S D SE R AG %‘EE?’%% HK % L\%ﬁ@i%ﬁ
#®, EBBBREVTRAMEE TS 5. BHERMIB HE
TR ONERRE-EELMENTRAREEE 2FEHRT 5
B/ThH, BIMETIRELRNXTHDT, KB, TaEE
B, FyrFr-VHR, BIFOXEERL, BEEERH

R B I
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548 : & & M #4LE B S B

OEBEHESR, BRFAEORML, BEEX » 7
FHR, ZEKRA RS ORESH TRREREORE
DEHBIZIFELEDT A A, XL 2%BIPLLTZED
REOBAREN 2RI L, TEEHOM L & EEsT0E
FERET O CRIHEIYM b OEER 2 UES, BRORRAL
PETEAETIECHIS S 0.

FEAD 17 4R 0RIC TR I NIk O B SRR AL™
BEERER O E{LE] 700kwh, EITHA 450kwh &%

1150KWH (G tigicT) »BociE#sgohn, —R
i2EAt M D 700~900kwh Thotodd, EEEHI3E

FIDEERE D ELDAEICRED 5N TN TR R Y EE
BARIRA~ DB b NIg 27z, ‘
HEES, FERROARE HEFS OBFULIT BT
DIFBEATIT DU TIIERI L TIGE & BHps b kD 12
HFRE®R =1 - REKFOBIREREID»L HBHNE
7L ERY, KRINCEHERNPTEE L TR L RSN
FEHIT DN TIER U, FARKE™ BB 25 b <
T 5 RO R EE 2 HER THEL TV 5. KRB
EC9 i3 B EHITT 1T 300 T E 850kwh o B A7 2 7E T
BEFEOBEE 2472 TN % 700kwh SGIZ IR LIS
55DLELTHNAL, BHE®ORIKELVZ e Ar bR
BSIEREL C LTk DTHEsE 850kwh THDOI- 4D
5 500kwh YEIZ IR LIS 2 b O & #5 LRI 2 D5
B« LAED ODOH B BOKFEI KT % 3~10t F
PEESED BT OHEEEIE 470~520kwh, HEEMEESET L

B ESERSNOD B2 S I: 650~700kwh (WL b BLBE
meter t4h) THH, 18~20ft EOKRIUFHIEMER

EYEDSEEE I3 Bishort t 24D 495~525kwh %7K b'c
[P :

“(b) %@_)ﬁ%ﬁi

MR RBE TR U % SEHEIZ N EBMER o
=TT 15.0~17.3kg/HigHt, 12/ R T 10.7~12.1kg
[HER ™ TahHotr. B X OBEEIO—REREIL 10~
14kg &8 5 N TV IIHREAEEEE 1 L % ¥ 14k
EUTERREEELED . L LI EORREEDR
—RFiZ 16~20kg 1L LT, ZOWHE~ & EEOHE
BiThh, —HEIKFORBERUEEEOERTS D
TEBDORERBMIIIEE L 2 b 7~8kg ZiRTEE

Wi h, SkgKROEERHBLUTVWAFT S 5. BHER

R ORI 2 /REE Fig. 13 OFTHS. @7 AV

I IS B EEEIR 7.5~9.51b/B1$E short t TahH b, A

F U AR BT HHFEIIEFHA 3~10t T 10~15lb,
=t =] 20t -G 18~201b/ Hi$H metert NThHb.
(©) . MRABIERBAL -

WAHD S bR G

. L P .
HEOWESHRE  » \\
EE& bTEEEQ /6 ,Ga;l'ez'nmelﬂ Sflfl?tln’\

BEMSERINT 4 N

12t Har time and Prlmf time \

0B O

WM OFRBEAIFig. |

MAITRTIGE 12t S, 3¢ v

DRxIILE2T 4 /675t Yawatar

BEYEL gD 2 ‘

{ FREE D 24T B R 305757 49 5 5

&2 3}5.’;‘%’}15&% Fig. 13 Electrode coﬁsumption
- —EZCEBIT . (kg per ton steel tapped)

E A0, EREE 50~60 @HT@%AMF%{XMY{?
T 7& b S U ASE 2 & £ 7;: %ﬁ{ﬁ—fﬁ?nnﬁx
B & SRR OREFEEGEHEICTFOrES 5508
BUEIC 350 T3 Hil rpk i C 35 10018, — SR & OV %
& 150~200 EDREEZAR LTS 7 A Y BILET 3B
5~10t O IZ 200~250 E, 4 FV RTBITHHE
B SHEMA OV BRIESHAD 150 H, Bifspkdii 100 @T

B. FEREMELTOw 257 - 7V v 51— i35 40

kg/t, Fe<At - 295 13H 30kg/t R Th
%. ' -
. Kelationship between furnace lige
% and unit consumption of refractones
‘ o ol
Ko 5 /40 ;
s % 1201
- Q :
£ 2 /00
v |
20 s 80
3 7
T A § g
= .
g‘:.’ﬂ' W\' \ﬁ;h § 2@ /ﬂker
5 lagnesiz. S - - ,:‘,__ Z .
%5 4 ‘/amf Bﬂc‘k(.ﬁ//m) ; 2 . R fot Bick
S SISO S g0 w0 o0 s W0 70 AT
S Furnace capacity . Furnace Lige
Fig. 14. Consumption of refractories for
electric arc furnace.
XI111. ﬁ%@ﬁ%ﬁ 3
| EBRIPSEEF O & STIFEDEERI A E L

b, BERMIE5OT A1 FEDTRIAFER I A 3 AR
BENF BT EER AT, LTRSS H
SeBBICIE DT R, 7 LURIERISEREEDHITI
BEIFHL DN RITIE DN, BCEER P EUE
T%”'m&,ﬁbibé HBED ML, BEEYENK

, FOBRENEL, DAL T 328807

‘ﬁ%ﬁOTD%ﬂ,%%%%ﬁ%@kﬁ?éﬁt%§®
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FEERISATURIC S 5 T &I XD THEH 3, LEAR

@ﬁ%@}z7%+—/fﬁmionﬁﬁ$ﬂfm5®l
TAHEBRIPERCARKBFORFHIZA < %< A2ERE L

bgy:kmriﬁmpwﬁww&bﬁgamwiﬁﬁ
BELBTHAD -

WEIF & PIEOREMEIC DN T b;t%é%@?ﬁﬁﬁ%@%ﬁ
ﬂ:g;n(z,\;:, C.F. Ramseyer E” &i%ﬁﬁ@ 225~
ﬁ—Fwﬁbﬂ4£®ﬁﬁ§ﬁa%®%%§%w@ﬁﬁ
Lz zhucdhid, BRBRIYFONELSTED, &
FERAr 475kwh, ERRERA ©.51b L ERANTIERE
T USRI TR ITE 72 5 BIBHEBAL
s, BRI IR VBRI 21b < 8B DTHE
SHFDHYEL 185 LHNTE b,LF‘RMmmmE
iﬁﬂ%ﬂ@ﬁﬁZWﬂjkﬂ:%ﬁtI%Q% , &
%Wt?«%#?Ft?s%#momfw@ﬁﬂbfm
%. BlGBEESIIERBGFHROR 60% TR ADTH
AEHND L, FHESEOOTES, BRI T
bR EKITOH SR DZEL 72 B & 3T
%. Daris D. Moor ¥ 34spE 2575 t, 507 t, 100

Tt OTH2ERT 86, BRPFICT N LFFITT

R x D RERE, BB, BER, Z0MD 50 5REN
Sl piee LTHERF LTV 3. 2t X hdESIE
DEFRIZFIFOR 60% FTh 52ENAK, BEN
DSBS BT BRI O F TN OB
SPIREL DTS, L LEROSHE D 3BSFOF
PAFL O 1~2% FVBICERERYEEL 5D, SRS

%iﬂOTﬁ%@mﬁwﬁwZﬁ<mOTw5 ﬁﬁk‘

SEARFIBREHAMELE D OBRIC 5 b, BIHUHET b O
Bl a5 O TMOMEO M, BEEOR, BHEEEDR
p b EEHTISHEAN SCEHINEGTH S 5 AT
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5.
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