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Several Melting and Refining Processes with the Special Heat

Source such as Electron-beam, Plasma-arc etc.
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Fig. 1. Electron beam drip melting of vertically
fed bar.
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Fig. 2. Electron beam drip melting of horizontal-
ly fed bar.
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Fig. 3. An example of electron beam gun-max.
beam power 100 kW.
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Table 1. Process variables in EB drip melting
of horizontally fed bar.

Mould | Bar
Material | dia. dia. P* e % p FH*
(mm) ((mm)| (KW) |(kWh/kg)]| ( kg/h)
Steel 280 — 250 1.5 167
Ti 250 — 250 2.2 114
Nb 150 — 250 10 25.0
Mo 150 — 250 10 25.0
Ta 100 — 250 12 20.8

* Electron beam power
**  Specific energy consumption, e=P/fv
**%  Melting rate
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Fig. 4. Influence of beam power and specific
energy consumption upon surface tem-
perature of pool-230 mm¢ mould, ho-
rizontally fed steel bar.
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:Be am

X-direction:lHz
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Fig. 5. Two systems of beam deflection.
Left : Beam is rotated in a circle on pool.
Right : Beam deflection is specially pro-
grammed.
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Fig. 6. Factors affecting total evaporation loss in
electron beam drip melting of horizontal-
ly fed bar.

2.1.5 ﬁ%ls)%)

e TIERT 558, BMoBERLE T ORI
B BEMOEE 40~80°CicikE 1, FORDERK
SIEEOEFEIZIT LA D LREWE Wb T W5
2320, F— UEE D D DT — I HBHE L.

DT, VERE DN TE LEERIZAK
ROKSERINT 50T, BERTCENICEHKEZELT
MEL X OB EEEZTT D, BERIGHEENICENMRRZ
B, BREBLY X O LRI BT R BIRRIC
frEd 5.

(1) &ERBHERE

BAELMOBTHEROSHOT — 4206, £EFRAK
B (%, WSRO TFI v v BRIED) CRE
F e b v — MEfHEOEEMSRD b, Thi Fig. 6
7319, P=200 kW, BhiiKFERD THD. e D
*, Thbb, 1OET, K& >TLHERHELER
WAt 5, FM—o et LTHEEE —» (Fig. 5,
k) o Fesrsae—a (Fig. 5, F) Lo H#EK
ERRKE.

P VEBMOEEZER LiciERE Fig. 7 3XT
Fig. 8 1zt #igwRfLEEmRE L ¢ OBRZ,
BECEBLHER EE) LEOHER (EE) O
EEL e 0BGE, FhPh e — s ETEINCRT.
Dik— v DETFT—IT & 2> TCHOMEEEES LR

— 71 —



2014 g & @

% 63 4 (1977) 135

2100

/_ Rotated beam

2000 —_——————

19001

/(:’rogramned beam

¥ 4
1700 /

1600
! 2 3 4 5 6

Surface temperature, ¢

Spec.energy consumption, kWh/y

Fig. 7. Specific energy consumption vs. surface
temperature of pool-beam power 200 kA.
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Fig. 8, Specific energy consumption vs. surface
temperature difference between outer and
inner surface of pool-beam power 200
kW. See Fig. 6.
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Fig. 9. Change of Mn, Cr and C content during
electron beam drip melting of horizontal-
ly fed steel bar.

DTN LERS OIRENZLT 5 BRE, fbp By
RERL D DBEFE— 2 BROAHPEECHS. WOETF

E'— A AR 3513 % Mn, Cr, C iREZ{L= (%)
DREIATD 1 fj% Fig. 919ic7R . Table 20505,
BEEME LFRT 2 L APOFERIC T, HIEE
BREE7 — 7 FEE (VARIX Y 3EF £ — &5 TH
i (EBR) 052 Mn% O FAZELL, F7-, §iE
CRNTIHIE LA LET LisvWFilie LTt Cu, Sn
PERECEWTEIDPE D K TT 52 L2 bhs. Ni
Mo, W @& 5 L RREDERWEETROREZ MO
e & 5290,

MO Mn R Db OIREEVE, IR O IR BB D 4
YT =2 —ThHDHLRALINS. j& ziF, Mn29
D% 200kW (Fic X Y T 5 &, e=1.12kWH/kg
B BIEA Ty b Mn S RITE 2 SH LT AT
T 0.40-0.20% X 75 b, e=2.11 kWH/ kg 7¢ 51 0.23
—=0.17% L78%. eHBKRTHDIEE BEXKETSVOD
TMnigRPBRTHD, Eiz, ORI 0 p/NTh
SDOT T~ v DBH—LRIRE < Mn% DR EED
& fp %16),

T, T VREPRHBECE L BRShB L, 4
vy MEBTEICALEAR ORI — 2 U5 £ & 53d B
EvbihvTin 58,

BT E— AR KT 5 ERSTEOKIREBB O EE
MR 2620 20 DRI IEB LA o B

2.1-6 fEiH=A

BB LOVERSE L ERERO AT © - 23T
B (EB) S XOVHREERNELEY — 2B (VA)
X BEA ADHIPN % Table 3iz7R/¥. ilg, Figomk
TRRE Mo XU W o#j& EB & VA 43k%c
X, Nb XU Ta o4 EB l3kC VAIR/|, Tio
HAE EB b VA Ri3LAL0TH5H, BRERMOY
Bi: EB b VA 12700 KTHY, »o, EB 0F
Bk, KRThH5.

— 72 —



p:

BE L~ A, IR T — 20 OBKBIEE IR B

2015

Table 2. Chemical composition(%) of steels (No. 1~5) before and after remelting. **

No C Si Mn P S Cu N1 Cr | Mo Sn Al O* N*
Initial 0.5510.39 | 0.66 | ¢.014/ 0.009, 0.10 | 1.66  1.06 | 0.45 | 0.015/<0.003 58 120 | 0.09
1 VAR 0.55 | 0.36 | 0.59 | 0.014 0.010{ 0.10 | 1.67 | 1.09 | 0.47 | 0.013 v 16 9 | 0.10
EBR 0.56 | 0.37 1 0.19 | 0.010| 0.007{ 0.06 | 1.67 | 1.02 | 0.47 | 0.010 v 20 751 9.18
Initial 0.34 | 0.72 | 0.65 | 0.012| 0.008] 0.11 | 0.23 | 1.37 | 0.53 | 0.013; 0.008] 55 120 ’[
2 VAR 0.35|0.73 | 0.53 | 0.012| 0.010{ 0.10 | 0.23 | 1.31 | 0.55 | 0.012] 0.014 18 98 v
EBR 0.3510.76 | 0.24 | 0.011] 0.010{ 0.08 | 0.23 | 1.38 | 0.55 | 0.010| 0.014 19 90
Initial 0.17 | 0.18 | 0.21 | 0.010 0.012) 0.12 | 2.86 | 1.35 | 0.34 | 0.014! 0.003| 40 77
3 VAR 0.1210.16 | 0.14 | 0.010| 0.013] 0.11 | 2.91 | 1.34 | 0.34 | 0.012/<0.003 8 63
EBR 0.14 | 0.16 | 0.06 | 0.009| 0.015{ 0.07 | 2.72 | 1.33 | 0.32 | 0.009] 0.007 9 56
Initial 0.10 | 0.53 | 0.71 | 0.021| 0.011} 0.11 | 8.93 | 17.5 — 10.012] 0.003] 160 | 610 Nb
4 VAR 0.075| 0.52 | 0.62 | 0.022| 0.007 0.11 | 8.86 | 17.6 | — | 0.010/<0.003] 41 563
EBR 0.074| 0.48 | 0.24 | 0.015/ 0.010| 0.06 | 8.9 17.3 0.008 ” 31 363
e
Initial 0.05 | 0.43|1.35 | 0.014/ 0.009] 0.15 | 11.3 | 18.2 | 0.27 | 0.014] 0.017 21 350 | 0.70
5 VAR 0.060 0.44 | 1.35 | 0.0138 0.018/ 0.14 | 11.9 | 18.5 | 0.30 | 0.015 0.019 9 390 | 0.76
EBR 0.057| 0.41 | 1.41 | 0.015| 0.011| 0.09 | 11.3 | 18.6 | 0.30 | 0.011| 0.020 13 263 | 0.76
* ppm
** Flecirode (bar) 100 mm ¢ ; ingot 150~200 mmg, 80~100kg
Table 3. Decrease of G, O, N and H content UL ADEF C — LIERCET 5 ERSHIVIZEIC X
of various materials durlng.consumable S, IEZE LB 2 v PEEI B0 5 NEFOIL
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;| Mo | After VA 150 12| 4| 1 7 Eic P offfi (£- sETEEEETS) K
After EB 25 6 3 1 LT F— VEERE & [AVEETHE LSS 2 & BH
Ta After VA 200 | 300 | 60 <10 B L CEERSMTHL EEFEX LN, ZORBEIC
After EB 50 | 60| 50| 4 i gic o T F— L OES kX CTEROTIESFS
Raw material 200 | 500 | 210 | 20 b, FEIEEERRE, SRRES S LU D REIC
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hg,2 : pool depth in half radius from center of ingot
hr  : pool depth in center of ingot
Fig. 10. Influence of variation of melting speed
under constant beam power upon pool-
depth and-profile 200 kW horizontally
fed furnace.
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Fig. 11. Influence of variation of beam power
under constant melting rate upon pool
depth and-profile 200 kW horizontally
fed furnace.
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Fig. 12. Relationship between primary dendrite
arm spacing and melting rate-beam
power constant. See Fig. 10
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¥ig. 13. Influence of variation of surface tem-
perature of pool near mould-wall upon
pool-profile under constant beam power
and specific energy consumption, ho-
rizontally fed steel bar.
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Fig. 14. Electron beam processing of molten

metal in cold-hearth furnace, “Konti-
nuierliche Uberlaufschmelze”.
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DA FER A R LT 0.0204C FTE(EBEL, FO
BTOMELEREZREFCET. —F, BFEF»50
—EE (3000~ 7000 kg/h) oEEmvaRgi £ A%
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hTW5s, FRO Bl fthahs 28— 2BHRX
2800kW (BF#:18%) Thh, BEIFRE S X O 8HhE
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Fig. 15. Operating pressure range of hollow
cathode discharge and other heat sources.
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Fig. 16. Schematic representation of hollow ca-
thode discharge.
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Fig. 17. Steam constricted plasma arc apparatus.
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Fig. 18. The types of plasma torches.
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BRRo &L, KEAKERTFI X< - U=y ML
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F) BERIfIhTWS.

FIZXw - b=FI, T~ 2 DOREEFASDL transfer
type & non-transfer type [ Kjj&h 5. Fig. 18 i1
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Fig. 19. Energy distribution of plasma arc among
cathode, anode and the balance in the
dependence on plasma arc length under
the constant argon flow rate : 8NI//min
and the constant electric power output :
24 kW.
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Fig. 20. Schematic diagram of water-cooled
plasma arc torch.
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FTIRX2 - T IDRERMBT L, SBOEMRE
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Bl Fig. 224z, FATy - F—Fo - F— o L DH
TR L7z,
4.3 BRERFSHER O IADEES
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L Pr 4 Tangsten
+ 4ia

4F 4 Copper
P Nozzle
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4] 10 20
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CSM=Cathode spot mode
NM =Normal mode

Fig. 21. The geometrical and electrical system
used to produce a localized constriction
of the plasma column. And total arc
power (Pr), anode power (P4). and
anode heat- and current distributions
for 200 A argon arcs with different gas
flow rates through the nozzle in the
system. The system pressure was 880
mmHg. The dashed curves are results
for 6.3 mm long 200 A open arc.
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Fig. 22. Comparison of isothermal map of open
arc (I) and that of plasma arc (II) at
electric current 200 A.
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Fig. 23. Schematic diagram of U.C.C.’s plasma
arc (Plasmarc) furnace.
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Fig. 24. System used to produce a D.C. com-
bined A.C. arc discharge.
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Fig. 25. Schematic diagram of the 2 ton plasma
induction furnace (Daido Steel).
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4.3.2 PAR Fo &=

BWEEE T ROHBR LAV I - 7~ 2FER
X B 4tigk, Nimonic 75 K& EOH I (PAR) OIi%E

Torch

Insulator

Chamber

Bar to be melted

Water =

Water jacket

- Water

’J_——'Water

‘Water

Fig. 26. Schematic diagram of the Zboril’s plasma
arc remelting furnace (Czechoslovakia).
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Fig. 27. Schematic diagram of the plasma arc
remelting furnace (Paton).
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Table 4, Rating of the PAR furnaces (USSR).
Furnace, Model U-461 U-400 U-467 U-555% U-600*
Max. weight of ingot 30 380 460 5000 5000
(steel, Kg)
. . dia., mm 100 250 250 630 630
Dimensions of round >
Ingot height, mm 500 1000 1200 2100 2200
Total power of plasma -torches, KW 160 240 360 2 800 1 800
Power supply : D. C. D. C. A. C. D. C. A. C.
Number of torches 4 6 6 6 6
floor space 3100 — 6 000 _— 7 100
Furnace
dimensions, in plane view 3 400 — 7 000 — 11 900
mm
height 3250 10 350 7 600 11 500 19 350

* Drawing up plans

ZEFT T PAR OFEMABIAS NIz & v 525, PAR FEE
OV EREHESAEI DO, 1968 £D L THHW.
Z AR E R Fig. 27 @R L. B EEICHHS
ENBEFRTHS. WHAWARERDOIFESEFTRIES
TW5 X5 ThBHW8), To—EOHER%E Table 4
TF. 54 3 7 RANTERT Tl & AKCFE 5 [0 HHEE
PG T 2 HRBHTE STV 540, VEOTIRI Lh
¥, PAR ERGHERIX 60~65% LE<L, FIX< -7
— o bEBBITBTTEHD 5 b, 75~85%13.5 < 4
ERC X 5dDTHY, BET— I/BEEARELZE
W5 LI X BEOBITHE, HEHA L, 15~20
YRETHDLEVD. Fi, Ar+N, BEAFRAZRAL
7z PAR i X e mEshRcE I A7 L AHERO N
ERE e, Ar+H, A4 2 PAR 2 X IKTEHEMEND
IKEREEOHFE DTN T 5%.

SRETVE, 1970 4EicdgEFns, U. S. Steel Corp. 5
HE xhTkh, ERARDERLL S THEHBK
e E S o, 7, UCC OFjs Lz IMW
HAomEsS5 X< - h—F&HANT, Carnegie-Mel-
lon-Institute & Schlienger Co. DO#E& 4D PAR (TR
T % H[FWF%EH Schlienger Co. DFTIT/Roduict®.

F 7o, KEFEESE, 1976 4Ric 150kW H ) DER
F73R7 - b=FRIDHBWELIVCBESOHAR ot
2 (Plasma-Progresive-Casting Process=PPC Process)
CoOWTARLAEN. 2o FotwxlE, ViE, O
PAR Fo&X LELLTWER, TIXT 7—50
EIREBERCECHAT 50 OB ERRFEER 2
A VE NG L7k mould 27 LTWAENERD.

PAR Fu &2}, EBR Fu &t @K, BEEHRE
L FI XM R ST HIfTE 5425, VAR, ESR
oA LB LBAORMTHY, ToREGRE

WMoy ha— Mz KO X SIIERT 2, 580
HETHAHS.

4-3.3 FowRicxT s EEMAEORERK
IR 7~ a5 AR, VETE
ARfTlebh T amme, 7L 2 X18HIOT
(189, Cr-109,Ni-Ti $HEEHE 1 400~ 1430°C) i© >
W, 80mm FHFHECHEMREL TIX< - 7T—0FE
MEZEL LI EOBMT— VOIRER, 7V i F{R#E
e LT, BENE FRPLHC LT KESLD
35° 44 57 b —EREREEA L TEIE L. £ OfER
VX Table 5127~ ¢. BREEE—EDOHE, BIRSKEN
FEBIRITC 5, BRE—EOHEOBRBEEDOHBIRE
R BEIRE, HE DEAETR V.

%7, G. M. GrIGORENKO et al®® }X, 300A, 40~-50
V OF5 X< 7— 2 (Ar+Ny=1atm, g 12~151/
min) ERERED Fe-Cr 4 DOERBMELZRD TV 5.
FoiER% Fig. 28 R L.

RYKALIN ¢ ERrRoxHIN X7, 189,Cr-12Ni 25 . L
ARETNVNTL - T =0 - b —F T, 7T~ 7 E 900~
1000A = 80mm FEKwiiilz AT 1 [REDEHT
T, BiIAEH (30mm @) DOEMERRC RS FEE A T,

1) Fe-Mn-Cr =z &4 VENEW

2) & St 5Hv I — b

3) AT VT F
T, ThEhohEmeE LTEHETHZBomEH %
DL, TR T HEREBRBRERZEZTE
WL, Table 6 OfFRZE/. ORI L BFEE
0.11~0.12 kg/ min OHE, NIEWMHREGFE D) LRI,
) - 720, A A 3%, FETF 15.69 &
FET 5OV, ARV CHRIEIC R DR, A
EWMDEBIEET 5D, TOERVRLELIDTHS.
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Table 5. Distribution of bath temp. according to plasma arc current and melting rate
(mould inner dia. 80 mm).
. Melting rate, kg/min
Distance, mm — 0.9 l 03 ' 04 —
from bath from inside 7 Plasma arc current, Ampere
¢ d 800 | 1000 | 800 | 1000 | 1150 | 1000 | 1150
surface wall of mou Bath temperature, °C
0 5 1 605 1615 1 590 1 600 1 595 1 605 1 600
3 9 1575 1 560 1 540 1 550 1 560 1 540 1575
6 13 1520 1530 1530 1510 1510 — 1550
9 17 1 465 1480 1 480 1480 1495 1 480 1520
11 21 1435 1 450 1450 1 460 1480 — 1490
14 25 1430 1435 — 1420 1 465 1 455 1470
17 30 — — 1430 — 1450 — 1 465
20 34 — — — — 1435 —_ 1 450
W% % @%
o
016 0.1 6 3 01 6 8 [ o
012 3 012 o 012 °
008 008 008|_g
Q
004 004 004
0
01 02 0: o .
_ a_ 04 05Fy, 2T 02 03 005y, 0 01 02 0304 05y,
032 15 30@ %0 { :
. 10 20
024
' " $ 0.5 = 10 $
g § 4
016 0 '
| 0 02 06 Py, 0 0. P
008 g 8 0% € N2 2 Of 06 N2
Y g 6.0
_1 50 ﬁdH a. Fe+ 217% Cr alloy
0 01 02 03,04 O.S,F
o d N240 b. Fe + 427% Cr alloy
(-]
20 30 : c.Fe+ 790% Cr alloy
. »
20 7} ) 20 // d.Fe+ 177 % Cr alloy
1.0 # 1,0@"’ €. Fe+ 343 % Cr alloy
,ﬁ( f. Fe+5615% Cr alloy
0 02 I3 0 02 04 08 v N
04 06  (*nz 08882 o Fe + 7945% Cr alloy
g h h. Pure Cr

Fig. 28. Relation between nitrogen content of
by plasma arc melting.

Thbby A ZRKEL ELEREENKENAL F
b, Y045 — MCHELTEBRBICX R Lt v
BH L7z,

AARTHE, £F5™M2, RAL™, FHEL™ H Ar,
Ar+N,, Ar+H,, Ar+N,+H, S EroF2&{FER L
F5X2 - b=FERAWT, $hiXUHKEELOBRCK
THEBHREZTE 2. &8, T73X< - 7— 7 15ERE

Fe-Cr alloy and partial pressure of nitrogen

BT DRT T - 2 ZNVFEISOERMFTEOFERA AL =
BT,

5. RHAORBEAOICAICET IMES

LB/ E 2 B05, RSO 1 IRIGAREE & Bis
BREOSBHICHRALTWAH Po e A3 THD X dic
55,
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Table 6. Effect of the inclusion types on the refining degree of stainless steel
(1824, Cr-1294,Ni) by plasma arc remelting.
Amount and comi:)osition of non metallic inclusion D £
Material Degree o
atena . inclusion
Total amount Composition (%) refining
of inclusion(95) (%)
(Inclusion type) Condition to mass of steel | SiO, | MnO FeO Cr,O; | AlLO, °
| Fe-Mn-Cr initial 0.032 2.5 28.07 | 1.13. | 63.8 4.5 31
spinel remelted 0.022 4.06 | 28.06 | 2.16 63.08 3.12
- initial 0.036 68.8 0.88| 0.78 10.63 18.9
I (Gilicate) remelted 0.010 58.9 | 1.43| Non | 19.0 | 20.8s 72
I g?gﬁgggnﬂ initial 0.009¢ 13.3 | Non | 2.68 4.1 | 79.58 15.6
incll)usion remelted 0.008 13.5 Non Non 7.32 79.5 :

Note : (1) remelting rate 0.11~0.12 kg/min.
(2) initial material I, was produced without deoxidation.
3) ”

(4) ” ITI, was produced with dexidation by Al.

Fiok | IR RS —PAM, PIM

AR #i——EBR, PAR

REERTR 13k 2 ERIBAE#H—VIM-EB @Bt sR

DEF T o R
BT, Zh 5 ORI~ OIS A BT % 2R I
fibh T, BUET 5.
51 BERFEEOEHRS

ek, FHRIZFSVTIRMOBEZERERK VAR v
3 EBR Z{EHLT&X.

L2 L, KE, K, BAZECEVwTRET VAR
BERL, TORLE, X0EIZ FHEVIEX D Em
HEZEEE LTROEHES KD bz (ESR XX o
THELR). BFE~— LB THIER T/kbb EBR,
T YA B, VAR, ESR kXU EBR ##
DEED HH WL o0 HE—7- L X HERGE
5@24)79), 2T !/Zgﬁu)m)’ I—,Eﬁﬁﬂz‘)“), M]«*}ﬁj?ij”s)")—
ToWTFishbii. LT ORKR, LREMRM XD LA
B OB RENT VS S 27% DA LPRRD, B
W=D PR T EBR B TWS LIXRD Shind
S, Lard, EBR 2l Mn i FEGEOB VWA 4ETT
EOHFEEVD, LOPVWMEELFET S,

2T, TREFHRMCERL XS & 4nid, 2kl
Lo bx VAR LREZ ghifk sy, 25
A, —fC EB Yo v 2ARBEEE, GEEEZHAV5D
THREEI EV. P2, 32 METOREBREERD
B X o7k i 7o v 80, Freital (Bish) 13 EBR
DA —v7 v 7—100 t §F& FHEPsD L v s —i ko
“C, Airco-Temescal (k) 13 VIM-EB fififssi s v 5
EESoER (2:2) CIoTHFREERLLISELT
wh.

hord, BEREE, RE EBE#OBESMIE
Rer RIBER DT LRINDT VB, T DOIBEHMIBERED
P b K E IS ERE, T b bR TEOERORES,

1T, was produced with dexidation by flerrosilion.

THMBR O L WEBEEORE T +SERTRERL
DOERBPIBRRS5NTVWB, —%, ik L7 Freital ¢
W, BE e~ VBELHTHS L5 EBR OFFHY
BEASMARMRORECHDCHEA LEBETHS S
&V S B R o TV B R0,

EBR & FIFRIZIEEME S X ONERE = 4 v ¥ — D4t8
2Rl 2icfTe 5 PAR 25, BIBBROBEEE LTE .
FHR[EZEXID, AT V2RV 5% ERINR RS
WRETH Y, 72, BRBLBEVOTEETREEED
B AT, ZOFED, EBR & Wit iEET 50
KON S. L L, EBR ofigicxL<T
PAR IMZBEZEE L T2 L2 0bHEIND X 5,
HNRMEOHFIIR L >TLBTHSS5. PAR |3
BOYNTHBENT VT 24ET 5. PAR 0245 —
7y THBEELEWET —<iTlh-DT w56,

5-2 3Bl XRBRESDOBS

BAEEM, BRELIDAIF v DY 42 )y
DEZEWIIZTTETHEAL TR I®, zhd VIM ok
ELREEDIE2TVWS. EEEETRXELEHEER
275y TEHEBLEETBHZ L1 PAM, PIM iz Xk
DTHAFETH B, i, PIM DEAIII RS Vs
(FE, FAEE) i X DHL2SBhEMITT b 5D THF
#ETHDH. PAM, PIM DOFEiHEBIHBEENTH D25
FNVNIUERBETS. TOBMEIA MECETEIRS
7o, EAMBOMNZENRIBREES B VRFO2 4
— 7 v TOWREXB TR T WS,
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