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Outline of 25t Vacuum Refining Furnace

Synopsis:

Teitchi SuzumoTo, Téru TAKAHASHI,

Kazuo KARAsHIMA, and Sigenori KAwAl

A vacuum induction melting process is one of the most useful process for high-grade special steel pro—

duction.

Yasugi Works of Hitachi Metals Ltd. have installed 25 t “Vacuum Refining Furnace’, which is a type
of vacuum induction furnace possible to charge a vacuum vessel with molten metal. This facility is
effective for quality-improvement of tool steels, super alloys and others.

The facility has been operated satisfactorily since May, 1970 and showed excellent results in high-grade
tool steels, super alloys, ultra low carbon stainless steels and other products. This paper is described the
outline of the system and the operation on the 25 t ‘Vacuum Refining Furnace’.
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H4E, EFEOBELIC XD, BT RT B,
EHMEA~DERY 13, TTETHLLL2TETV 3.
ZHICHIG LT, BRoREks LCEEOEZNLY
AV, BIEHLvARE, HE7 - HBME, vy b
uAT VEERER EPERE, Tvs borE—A
WIHEEDD, 77 A< BEREOLERLEh TV 5.

Wik, BT 0ie ERERS TR IE R B L
KETHE, ECv =y bz AREBRASOTEELE
Wi, 1950 £y, BEEFERME BE7—-0F
EIEP BRI R LE RS O L. &I EEHLE
fREDFERIE DX E LK, 1950 £RYIO {RIFA I,
500 kg i=§ i bdhs, 1964 £ Latrobe Steel
1@ ‘Therm-I-Vac’ {FDBAZES iz X b, 27t(60 000LY)
FTHPRARL, X5 1967 4 Special Metals %+ > Dual
Chamber {F7, 1969 4E Uuiversal Cyclops ¥t D& H H
910, Airco Temescal %> ‘Combined Refining
Furnace’™d!2) ~ L ZEE LT\ 3.

—ARETE, BRMHEHEE LTEBESE A 2w
B, HZET - JHEREY B AL ERLTVSICL b
N, HZEFREEAEE, 100~1000 kg A8 D 458E: 4

4 FFEHEHODT, 3t Ll EORBFEIEAE 1D iz
LEEDTWA.

AMx&REGR)EFEITHE, TEMOLER Lk X TE
HEEE, FHAT v VAR EOBEMEMEIORLE O
7o, EROEEMA 2% X OFEMRECma T, &
Rz OENIEREE DD 25 t BZersgllE (Hot Charge,
Cold Charge RFIBI S5 AMIE) #783% Uiz, A5k
vE, 1970 45 ABEILE, IEFCIEEIZ 8T Twv 5.

ARiL, BLXEZOEMOEHLORBAERD £ LT

WET 5.
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2.1 B LORE

25 t EZEMIERTIY, SK[E Latrobe Steel $: L. Stokes
& THRBERE I, Therm-I-Vac Fx R E LT
TR Lc b D¢, BEERK 2 » LEEEM £ TR
HEBMLTFHSTEDLLSUTORE® 223D Th
5.

(1) BWETT 25t FR0 FHEFRICESS bk
ATCES. CO» LEC 4 mmeg OXBI VT L,
220 NICTHE CHRYET & % spray sleeve i (7 A
HED 7D BEDRKMA Y ~ TR LUK E7— XD

* Wfn 52 4£3 A7 BB (Received Mar. 7, 1977)
** HEM4RE ()L FXITH (Yasugi Works, Hitachi Metals Ltd., 2107-2 Yasugi-cho Yasugi 692)
X BN &RE () BT (Special Steel Div., Hitachi Metals Ltd.)
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(2) HpzBEme, BEELErs, +okE2R
HR, BasICEERAGETES. 2Ok 60Hz X
JEEEREZA L, 25t FTHRkK 2500 kW ohngiges
B DTS,

(3) BMrEATHZEICXY, BEOERFER
fEFE LCHITE S, FE LTEER 6t FZRW,
1.5~2.0t /h D iEfiFRE N %2 D O-

(4) BZETTOERM~OHBMBITEZ 7Ty v =it
LABEETTCOEEHRENRTES. ZORDEH, &
F oy OFFHER S XCHESEYMER LT S.

(5) Fhogifick b, FEREY 25t, 6t ICLE
TE 5.

(6) nYFKIF 25t, 6tiFL bz, EEER LY
Hie X o THEEEL, Mtk X D850,

(7) 6B AF1+—L IV 08~ C XD, BXE
400m? D& ¥ % 15 min PN TEEHRQTE, $HEf
DEEESK 0.01 Torr I TE 5.

2.2 HBEOWME

AFEHO &Kz Fig. 11T,

Table 12375

E75 EED FEILE,

2.2.1 BEEUY

B2 L o203, EWMPEETHROE -V RENDRD
FREBICE—VE b RV BEEKE S v 7 o M
Wi 2Twsd. EERBEHTKEBETE, PO,
9l4mmg DR, VTEINEEL, ZhEELTEBD
BABICEEL EOEAETTS.
2:2-2 FHEgF

Fix, 25t JFoREN % Fig. 2 wiidikh, &
DL HTHEXRIVY K E S OB LAGBEECH
5. a4 VFRE, HETFTCTORERBIED D, EEEX
Bt (RK 475V X 6000 A) Fgate L, FEEIL T~
Ty YV aro =BT XO0v ) ar TAWELZIEL
Twb.
WEBRAST -7k, 750 Cat ke
AL, BE, BKEfTO>TWS.

FRIE 25t, 6t FRFIRA RicEE S, WEY Y
VE—XOT, BIK 9 E, %5 15 EoEEENT
5.

3. BE7ntX

AFRVEEIR UAcs, BWIlPCrEME Uit e, BIE

Table 1. Main specifications of the vacuum refining furnace.

Melting chamber
Diameter X height
Tunk cover
Top valve

Mould tunnel
Width x height X length
Mould cart
Mould

Auxiliary equipment
Bulk charger

Tundish
Spray sleeve
Furnace
Crucible Diameter X height
Capacity
Lining
Coil Diameter X height

Power supply
Coil voltage
Furnace power
Transformer

Vacuum pump
Steam ejector

Capasity

Attainable- pressure

6.7mgx7.3m
5.5m¢, with water jacket
914 mm¢, Electric

2.4mx5.5mx12.0m
2.3mx7.5m
max. 20 t Weight, 3000 mm Height .

Over melt on rall

Bucket : 0.6 m3, Bottom open
Valve : 914 mm¢, Pneumatic
6t and 20t, Pneumatic

3 sections high alumina sleeve

1690 mm¢ X 2 502 mm

25 ¢ (min. 12.51t)

Work Lining ‘Magnel’
Backup lining ‘Coral BP’
2170 mm¢ X 2 651 mm

114mm t
114 mm t

475V ~220V, 8 Taps
max. 2500kW, 125°C /h
3000kVA (3300V, 3 phase — 1 phase)

6 stages with an exoster and 3 stages
Condensers

2100 kg Air / h at 2 Torr

and=>3.5 kg Air / h at 0.01 Torr
<0.005 Torr at blank and =<0.01 Torr in
Operating condition
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Schematic view of 25t vacuum refin-
ing furnace.

Fig. 1.
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Fig. 2. Cross section of 25 t induction furnace.

Table 2. Analytical results of cold charge va-
cuum refining process (Inconel 700
grade).

Cr Al Ti Zr

Chemical (%) 13.0 1.75 2.50 0.01
composition —17.0 | —2.75 | —3.50 | —0.15

Deviation (%) 0.19 0.06 0.07 | 0.016

AOLFE T oF s, B, Mz iy, kB
BRKIECHERT 5. (HER Y V- FVIC X BB TEEE
LT S0~70°CEH LTS, 4T FIIEEFE~DY
L= B (TS i bRERZTE L.

3-1-2 EZEfish

B AL, Fig. SBEEIZRTIOS>K, Bk
T 05hBETKEEURETT 52, FOBROBKS TR
I OREFED D, &EEHEL, 1~1.5hBET
H5. WEENVEH 150kWh/t BETH 2
3.2 Cold charge X ELESL
AHRE, BEOEZEFEEGELRAROFETHY
FEMEEOHINEH 505, GE&e Mz LAERL, R
BECEZBEBCT> &tk D, BMELES I o —
WHTED. ZORd, LLLEBEDHRS 2 bu—v
BELURA 22T 5 BRSHECBHAE LR ECEH
FTHs. BHZeho—pFlz Table 2 iTFi 7.
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Hot charge A3ic L B1E¥EEH| L LT, MY REH)
HERiRR X OCEENHEOHREE TR,
4.1 PEE®x

BT oo, EREH (0.3~1.0%C) ol
FEFE% Fig. 3 Rt

0P, BMEIVH O SICRBCKEFLET, IR
H A sk & % 20~30 min B 10~25ppm (fE
EEE Ao=10~20ppm FH¥Y) BED FIE—EMEIC 2B
T5. FE Ok, C iRy 525, #H O wwidfk
L. ERFRERORR, RS HRETTS
REHAVY A4 U > SR MY L, 20~1Torr DRTHL
VWIREBRRASED SN 5. A AREEK 30 min DR
¥, $90.01 Torr 3 CTHEEHQLTD, FITERHL,
VY RETHELICBSELPRRED LRI T EL V.
DRV, Cowen® BT X %K1 Y o F T B3
LEBER L BEEUR—ET 5.

g [0] oW, BT E C-O FffcELTw
3L LT, C-O Ffx

Kc=Pco/dc-dg Ko=42820
ac=1%C1 e [% 112V

25 BT £ CO 45 JE Peo kb TH% & 0.1~0.3
atm BEC, %2 2REH 1~0.01 Torr (10-3~10-5

atm) £ 5N, WHBUEB LA KREW. TAERENT Lo
Ac Qo §& 3~7x10-4 3, DH iH 2o 10X
10-422, RH JiH 2R EEDEAD 3x 107429 L [EEEE o
BN E V. ZOBBRIE, KAV S OEERT XD EEE
FEDSEA L, vy KEE (909 MgO-10%ALO; L2 #)
B OFEFRPHE & BN FSEf Licrod LRSI 5.
WARD2) 51, =5 L 7V RiC X 5EBRCRROER
2T, OLen® 3 70%ALO; Lo HEHWE
B CRIM S IE R LTS, Enic Table 3 it& v
WE7EF 2 b o $EE RS, BERE SEhiw
Mg BEEIC £EhTw52E»5d MgO o fi#pEns
HEIND.
4-2 BER

BRI X HIERIRIY, Fig. 4 WRTIEL,
500~200 ppm FBEOHHA N iKiowvw L, 13F 45% %
CTETFTT5. ZofEiid RH A 20RERD 2L 5
5HE, DR OEENRKRE V. EEEHE N G T3
N, 5FE (Py,) Vi, 0.01~0.02atm BET, »E5T
L EEHTE L TWERWZ E2EETE, 22 2RNE
NEDEENINEEFZXS.

g2k E oBlEFE LT, 25CGr-20Ni g7z o T Fig.
ST, MEXPRUMEBHCI VEESNS L L
PEDOREEER —dN/dt=A/V ky(N—KyV Py,)iT
L oT kDI BN Lo WEBBEERE FL(=A/V:

Table 3. Composition of dust deposits on the

l wall of vacuum vessel.
150
4 Mn S Cr Mg Zn Fe
% + High C steel
o Middle C steel
% o High C-Cr steel Dust (%) | 12.80{ 0.052| 8.40 3.72 | 0.024| 59.16
é Melt (%) 0.95 0.015] 1.50{ 0.0005] — | Bal.
100 ({’
T 200 .
a 1 e 1%C s
~ | - X 5% CR Ve
g 1 E ° 18%C g
I £
) b g e
50 - 'f;_? // /
A 5 100 - —
oo ol 5 I )/Ocro
o c>c>,6 L%0® R +\_°+ S o g"' e xx/
+ 9 o 2 + + o b Z P — *
+ X
I e
e
0 20 40 60
Time (min)} 0 too 200

Tig. 3. Relation between oxygen reduction and
refining time during vacuum refining
process.

Nitrogen before refining (ppm)

Fig. 4. Nitrogen reduction by vacuum refining
process.
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Fig. 5. Effect of time on nitrogen removal
during vacuum refining, process (25
Cr-20Ni).
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Fig. 6. Correlation of oxygen and carbon
during vacuum decarburization pro-

cess (SUS 308).

km) Vi, 0.3~0.15x10-3sec-! DT, ke E
I~0.1x10-3sec-12" LIiFITEEETHS.
43 RAF2 VAFHOBR

AT LVAORRIEDWTR, Hiry 52 2k 5%
HEERHROEAE LT, Peo 2 T B RKIROET 240
2T, AOD -3, VOD #3930 o 3h» LEDHE
TREETIR LS BEIRAF D -3 BREXh T
5.

WMIEREZEZ T LA (C<0.009) @ RELE O 72
W, P CoFiERRE (CG0.06~0.10%) & X UtEzZE
HHBRTOBEBLICX Y, KRRBRTORR Y EAR
&7 L EABR LI ING X 5 ELIRRER X O FORE
P BHFE L.

WWHAFIE LT, 19Cr-10Ni 25> 12§ (SUS 308
) ofiz Fig. 6 CRd. BRKGEPIA C XU

0.2 \

20 40 60 80
Timoe (min)

e
e e
/

Fig. 7. Effect of time on carbon removal during
vacuum decarburization process.
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@ Vacuum refined and casted in vacuum

O Vacuum refined and casted in air

X Arc furnace refined and casted by Bochumer
Verein process

Fig. 8. Distribution of oxide inclusions in
the bottom of ingots casted under
various conditions.

W O MLEERMICET T 5ERLEESLC LS
EHIERHLARE RS L O OEBBEBCHT HhE. Mo
(L2 RMEERRIE, 4 V% &bk ok hipE v
FJET, #9 30min CHTT 5. FoRBIIEEROME
X% OVEfbic X b BRBHET L, FoBoxET 5
Peo 1 3X10-2~5x10-% atm 2 }HY T 5. HIERDO LR
VT, Fig. 7 T X 50T, AR E BBk —dC/
dt=A/V -ky-(C—Ce) k,=A/V-ky %R L2BE5D
ko VX, 0.44~0.80x10-3sec~1 [ky=47~86x 10-3cm/
sec] BETHD, XEE®P VEssh—%45%.
T 72w U, FHGRRIBLR R T, k,=0.2X 10-3sec 1
T, TORETREHSMCEBEERABE R LY
L2HDELHEIND.
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4.4 ALTTOHE

BEZETTOHER, $HA, Mgk EN0KGREDRK
HOBE T TOGHOBED L ECIIEE LI AnE
THTWBED, $§% X0 TEE X UFELEHOEY)L
BIRRTS52 L icX by, To—Fk—ik EOREKRME
FHIEL 5 3. Frof@B R oWTiE, BREEMEORIE
K— FEHWEZ ELIC X DFRLS 5.

2 7 niFEHT, REEROBE LF—EE o2 T
BB, BEEHERHETITHDEHEIT, H AR DB
ST X BRI EFRDOLNLIEET, KNiEhthERR
i, —HESBATEDCRRAT 5 KM, & icAB

20 80 ©
P
S
S
o 40 80 o
> 3
o X
~Nv ’ 3
I 60 40 %
-

20 40 60 80
{Ca0+ Mg0) %

@ Vacuum refined and casted in vacuum

O Vacuum refined and casted in air

® Arc furnace refined and casted by Bochumer
Verein process

X Scum in the tundish of B. V. process

Fig. 9. Electron probe micro analysis of typical
oxide in the bottom of ingots.

SRS O LRGN B 1) DMEE B XL OXASEEEN
TEMORLRES 2w LTI, FOWERIT X
V. —ffllE LT 0.5%C EEE&HO 10 ¢ SBREEH O X
WSO MAESZ Fig. 8 wrntr, BEE
FEFEREAT THE LB iR L TR daE s
TWd. BECOWTHFRREmEZ T L, BEZET TH
E LB EDH 0ppm TH B L, KAFEDSE
40 ppm & HEANL Z DFE RITIRMS OTFEELIC DWW T D
HEHBLESBDR—HT5. FLESBENEDOREM
% Fig. 9 WR$H, HELEIZX D, ALO;/(CaO
+MgO) BIZIEF—ED F F{ERMKER (LW TH 5 SiOp, MnO
BT B, KEATTO #h#ETix, MgO 2
> U, MnO, SiO; H N3 5.

5. M R W

BEZESEE RGO I E LTiE, 200 kglF LATF TrE Ak
2 A7y R, 300kg FLAECR EME< S A Y
TORTARAE L TR THDH, REFOLE
UE, ZEME, BSHE, BB EoR TR T
ETREMERDH. T, ‘Therm-I-Vac’ FDRHFE
wdHich, Simrovien 58 VX, HLBEHYZ & T SR Aok
Ry AT X N7 FEERZERRAL, Bk —Hh—7T
# % Habison Walker Refractory & #E T, L34
FR K72+ Lr#H ‘Korundal L D’ (909 AlLO,-
S10:) KX VAL AWK F= ¥ 27 L H ‘Magnel’
(9095 MgO-Al,Oy) % Bi3E L 7c.

MO EFICH 72D ThH, HHNIKE 17 5 fZuE
SEIFERANC L7232, A7V FH LV ARINRI,

Table 4. Specifications of the bricks used 25ton vacuum refining furnace.

Magnel
Classification Spinel bond magnesia
Apparent porosity 17~21¢;
Bulk density 2.80~2.88

211~-352 kg/cm?
63.3~112.5 kg/cm?

Cold crushing strength

Modulus of rupture
at room temperature

Thermal expansion 0.932, at 1000°C

Refractoriness 1.77 kg/cm?
under load 1 705°C
Chemical composition

Si0, 0.7%

Al,O4 8.39%

Fe,O,4 0.3%

MgO 89.89,

Cr203 _
Work lining

Coral BP

High alumina

Test brick

Direct bond
Magnesite-chrome

13~169%,
2.89~2.95
492~703 kg /cm?
190~246 kg/cm?

8.5%
87.4¢,
1.2%

Back up lining

16.5%
3.08
655~730 kg/ cm?

0.869 at 800°C
T,

1655°C

4.09

9.5,

6.3%

65.5%
13.09,

Work lining

— 189 —



2132 #% & A ¥ 63 £ (1977) ®13=

ACRNWVE R 2207 Lo HERNEE B L.
Fig. 2 1z ¥fFpw Table 4 itk v H o FrdEs
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51 FERATOREA

ik Po{E R _EORMEE, BHEAZ TS 25 tFcE
IR Uiz, TORFENE, WELV L H ‘Magnel’ Zlfy
PR T 530 TH ok MELEDT 21T,

(1) ‘Magnel’ }x 1000°C L) o> B © DR IE
MAE L, 1000°C ¢0.99%, 1400°C ¢ix1.8~1.99
BT 5.

(2) ZORDBEBEANOFTHEARR XCERUEE
BHRECXD, VORREDAR—Y) 23 EB T,

(3) Vv ADERRBTEYLSE, 24 vk T
PR oL EsIRE T,

(4) A7t stehiErgHh, < b1z LK
BRI ECWERERBEIER L, HENAR—) v SRR
.

INSOMED S L, 240, FEHOTEIDOWTIE
IR DB IE LT X 0 iR U X 7223, THEAEE S X o'
Bz oW T, ‘Magnel’ OiFIc X 5D LE 2 Hh,
ME DT E TR DI,

5-2 HMEOKRE

BZET ComkM-EREEE, SFEmREci Mgo,
ZrO;, Al,Og L BT D 554 LI TH D, it kHo
BUSIC 7o vy &M, kg, & <ic Si0, @
DI HRILE, FHEOHEE R & O YEBpftic
hXBEINTWab,

AOD {F, VOD Fz&HEhTwbe sy ofRs4
Lo bR FLHE, AT IC VX chromite (FeO-
Cr,O5) &%, MERME R, ERERT oM
ZHEDAI L, BRI D7 R 3 S DiFENR Six
V. BRESRE S K E L, BRBE~NORKRZELFH . E
TBEIR D MR AN E ) i 2o FIE A BB o,
Table 4 izRT 44 VT bR RS raL g5
MeRlvWie. TR, A7 750RBR X 5EHROZE
BBV Smm (¥ 30hi5E) & ‘Magnel’ DA D30
~50mm T HEKIBREE SN, FEWIRAE—Y
YERRRWLTARIFTHDH. FiE O 3 19%CHHT
20~25 ppm BBE T, Fig. 3R L7zl & KEL D7,

6. &

(1) BA34E k) LTI L, 1970 48 Hot charge
BN OTE 5 25 t HEFEnBEsiF % &g L,
MENLICE 6 2R C, EFCEREHRMOLEELTTOT
w5,

]

(2) FFZFEOE#TH S Hot charge BEZoFEgHIIIE
HICHRNEFETHY, 10~25ppm 0FE [O] Bk
U 50~60% DIREZEEL 5D EHTE S

(3) EBEEpReFBATSzEcXy, C<0.009%
DRREKRFBEAT » VAFHORELEENTE S.

(4) WXz ovTid, {LE¥EEROT, WERRHE
L BRI RS X R 5 SRS v ERE T L ER
»5.
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