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~ Experiment on Degassing Effect in a Laboratory-Scale Furnace.

(Study on the refining process of vacuum arc melting—I)

Synopsis:

Tetsuya W ATANABE

The purpose of this study was to evaluate the refining procedure during consumable arc

remelting in a 2000-A laboratory-scale -furnace.

Electrodes used for remelting were air-

melted and cast ingots of Fe-Cr alloys and commermal steels AISI-304.

The resultes obtalned were as follows: .

(1) The carbon in alloys acted as a powerful deoxidizer in molten pdol by C—O reaction

under the reduced pressure
the deoxidation.

. It was presumed that the flotation of inclusions contributed to

(2) . The residual nitrogen content ‘in a vacuum-arc-melted ingot was proportional to the

_ initial nitrogen content in electrodes used.

(3) The removal of high vapor pressure impurities such as Pb, Sn, Cu by vaporization in ,'
vacuum arc melting were not done so successfully as in vacuum-induction-melting process.

(4) Arc melting in Ar and N, atmospheres was also carried out with N—155 electrodes,
that contained 0°20% nltrogen as an alloying elements, could be remelted successfully without

any trouble ina 1/4 to ! atm Ar- gas chamber.

On the other hand, in arc melting of AISI-304

- in N, gas atmosphere, an extremely high-arc voltage was observed and there was a remark-

. able nitrogen absorption up to 0°25%.

('5) Melting current extremely influenced t_he macrostructure.
Lower current,

~to cause a coarse dendritic structure.
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Table 1. -Operational data of vacuum-arc melting of Fe and Fe-Cr alloys.
Kinds off Sample Chemical composition (%) gfessg;;zd Q-value
. No. : : .
samples - c|si|M| P | s |m]|c|N]| o] (eHg [(FrHES
*. . )
. A-1 0°011{ O°*01 | 0°28 | 0°004| 0*010] — 0°09 | 0°012/0°0180 4~8 1,920
AV-1 0°006, tr 0°05 | 0°004| 0°012] — 0°10 | 0°012/0°0072 ’

- A-2 0°095 0°08 | 0°28-| 0*004| 0008 — 0*07 | 0°013|0°0092 o . N
Pure-Fe| 375 0°091| 0°05 | 022 | 0*004| 0-011| . — | 0*08 | 0*0120*0027] ™8 1,610 L
A-3 0°183| 0°16 0°36 | 0°004) 0°008| — 0*07 | 0°016[0*0069 '5,\"10 1,730

AV-3 0°187| 0*15  0*29 | 0*004| 0*010| — 0*10-| 0°009/0°0046| ’
B-1 0°019; 0°36 | 0*50 | 0°009| 0°008; 0°08 | 12°80 0'024|O'OO78 .4,\/10 2.220
BVv-1 0°*010| 0°*36 |0*36 | 0*008| 0°006| 0*10 | 12°89 0'018|O‘OO22 ’
13% Cr B-2 0°113 0°25 | 0*44 | 0*009| 0008 0*10 | 10°56 0+023|0-0067 0 L 400 .
~Fe- BV-2 0°102] 0°25 | 0°36 | 0°007| 0*009| 0°13 | 11°44| 0*019[0°0033 : ] ’ o
. B-3 0°232{ 0°23 | 0°42 | 0*010] 0°008| 0°09 | 12°80 ‘0‘0310'01'12 50 1. 460 : V_
BV-3 -0°215] 0°19 | 0°34 | 0°010| 0°009| 0°12 | 1285 0*0230°0049 . ’ .
C-1 0’046 0°31 | 0*44 | 0*008| 0°006 O'IO 17+00| 0°0300°0136 ‘ 80 2.200
- CV-1 0°031} 0°28 | 0°35 |.0°011|- 0°007| 0°18 | 17°18| 0*031|0°0043 : ’
18% Cr C-2 0°116| 0°34 | 0°45 | 0*010| Q*008| 0°13 | 17°66| 0*027|0*0099 0 3 250
-Fe Cv-2 0°115| 0°*33 | 0°37 | 0°013{ 0*008| 0*14.| 17°80| 0*016:0°0027 : ’
C-3 0°204| 0°27 | 0°42 | 0°010| 0°007| 0*11 | 17*57 0*024/0*0156 20 3 éOO
CV-3 0°201} 0°24 | 0°34 O'OM,’"{AO‘OO8 0°12.] 17°66] 0°020/0°0034 ? T

* Electrode
k% Vacuum-arc-melted steel

—_—14 —




NBEBURIC X 5 B 2 1R O£ B o 1741

Table 2. Opérational data of vacuum-arc-melting of austenitic stainless steels.

, . e B _ : |
Sample Chemical, composition (%) . | Observed Q-value :
N No.. - - pressure ( - @ Hg/S)
c Si | Mn P S Ni Cr N ¢} (¢Hg) »
* ,
s% D-1| 0°014 [0°11 | 0°25 | 0°002 | 0°013 | 15°06-| 16°61 | 0°069 | 0*0386 g 7 200
, DV-1| 0°006 | 0%08 | 0°22.| 0°004 | 0°0l4 | 1518 | 16°79 | "0*067 | 0*0053 o e
© D-2| 07066 | 024 | 0°24 | 0004 | 0012 | 14°73 | 1661 | 0049 | 0%0313 | o o 6.550
DV-2| 0°056 | 0°22 | 0°18 | 0°005| 0°014 | 14°95 | 16°66 | 0°043 | 0°0083 ’
D-3| 01229 1 0°03 | 0132 | 07003 | 07013 | 1522 | 17°53 | 0°029 | 0°0409 | . 110
: DV-3| 0°196| tr | 0°31| 0°004 | 0°014 | 1519 | 17°57 | 0°031 | 00089 ’ ,
§ E-1| 0°025|0%27 | 033 | 0°+013 | 0°015| 15°02 | 17°14| 0°039 | 0°0140 510 2. 180 '
3 EV-1| 0°014 | 0°24 | 0°28 | 0+012| 0°017 | 15%09 | 17°79 | 07036 | 0°0064 ‘ ’
E-2| 0°029 | 0730 | 0*35 | 0°013 | 0°014 | 15°02 | 17°88 | 0°053 | 00058 . B 10 300
EV-2| 0°016 | 0°28 | 036 | 0°012 | 0°016 | 15%°02| 17°79 | 0°062 | 0°0046
E-3| 0%029 | 0°37 | 0°37 | 0013 | 0°015 | 14*94 | 17°92 | 0°097 | 0°0i55 50 6. 200
N EV-3| 0%013|0°34 | 0°35| 0°012| 0°016 | 15°10 | 17*89 | 0*078| 0°0058 ’
= E-4| 0°025 | 0°38 | 0°32| 0°013 | 0°014 | 14°99 | 17°42 | 0°163 | 00085 100 - 8200
: EV-4| 0012 | 036 | 0°31 | 0°013 | 0°017 | 15°06 | 17°89 | 0°109 | 0°0040 ;

* Electrode
**  Vacuum-arc-melted steel

Table 3. Operational data of vacuum-arc melting of stainless steels containning Ti.

Sample Chemical composition (%) Observed‘ Q-value
No. I , pressure | ;7 Tro /sy
C | S |[Mn| P S |Ni | C | Ti| N 0 (#Hg)
*F -1 0°061| 0°29 | 0°44 | 0°011] 0°*007 | 0*13 1792 bO‘51 0020 | 0°0091 4 1 400
F*F V-1 0°056| 0°30 | 0°37 | 0°011 0°008 | 0°16 17°93 | 0°52 0°021 | 0°0028 ?
F -2/ 0°038| 0°38 01'47 0010} 0°*006 | 0°19 17¢66 | 1°35 0°0t7 | 0°0115 Cg 1.900 ' i
FV-2 0'036 0°37 | 0743 | 0°011] 0*009 |} 0°*20 17‘79 138 0°023 | 0°0029 ’o -
* ) F -3 0°043, 0°42 | 0°57 | 0°010| 0°006 | 0°17 17°14 | 1°80 0°017 '0‘0145 4 1.980
F V-3 0°042; 0°43 | 0°51 | 0°010] 0°008 | 0°20 17°97 | 1°90 0°013 | 0°0057 ’
F-4) 0°041] 0°65 | 0°59 | 0°011] 0°006 | 0*14 1779 | 3°18 0*016 | 0°0130 4 " 915
F V-4 0°040| 0°50 | 0°55 | 0°010| 0°*008 | 0°24 | -17°97 | 4°27-| 0°020 | 0:0089
G-1| 0°057| 0°38 | 0°50 | 0°010 :0'013 12+88 18'4i 0°16 0*075 | 0*0102 _ 10 2.750
G V-1 0°057| 0°37 ] 0°46 | 0°O11]| 0°017 | 12*89] 1815 | 0°12 0°059 | 00048 ’
’ G-2| 0°041| 0°42 | 0°51 | 0°012] 0°014 | 14°44] 18*23 | 0°62 v 0°044 | 0°0076 |. 10 4,300 ‘
G V-2 0038 0°40 | 0°45 0°012| 0°016 | 14°52] 18°32 | 0°58 0022 | 0°0013 ? B

‘* Electrode-: .
** Vacuum-arc-melted steel
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Photo. 3. Effect of an induction stirrer on
macrostructure of vacuum-arc-
melted AISI-304 ingots.
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Fig. 8. Relation between arc length and arc
voltage of AISI-304 in various atmos-
pheres. (Electrode : AISI-304. Melt-
ing current : 2000 A) o '
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- Fig. 9. ' Relation between nitrogen and Py, in arc -

melting of AISI-304.
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Table 4. Summary of arc melting of N—‘155 in Ar-gas atmosphere.
' Melting -~ Melting Temp. rise of , ’
No. P.r?:tsrlnl§e current Arc(‘\rr)o ltage efficiency cooling water h,ll\I i(;/gzns
(A) (kg /kA /mn) (°C)
V A-230 1 - 2000 3l 0°57 33 0-18
: 231 1 2000 31 0°57 28 ) ) 0-21
232 1 2000 .31 057 25 0°20
233 1/2 2000 -+ 29 0*50 23 0°20
234 1/4 : 2000 - 25 046 15 » 017

(N content in electrode: 0°209%)
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