st & o om 8 (96) B3R

ORIk DBFARD Sz | . B S

log[ (%S) /arsi[%Sil/2] . " 1) E. T. Turkpocan: J. Iron & Steel Inst.
0867 log[N2Cao/Nsloz+NCrgogj]—0'723 (UK.), 179 (1955), p. 147 :
8) FE Si%, 23 FRBV—EbE, S O ?>gf§;gN;;¥“‘&sde“t<UK*
HOSIRE LR E 2 ICk 255, TRbLINEN, W s)msr, #E: g, 46 (1960), p.124t
e F LoTRABPELN . _ ~ 4) N. J. Grant & J. Cmipman: Trans. Met.
log Ki(=Cs/ V- Ngao) = — 3040/ T +0°704 ' . Soc., Amer. Inst. Min., Met. & Pet. Eng.,
9) W2 9 718 C Neco/ V- Noso OEZRIC 5) 1\27 I§19§§Z£YA§AM4& T. G. MACFARLANE: '
BBHE (>16X107%) L~ Kb S% REMICHERT S " J. Iron & Steel Inst. (U.K.), 195 (1960), p. 57 -
D B, , (BRI 3 BE) '6) N. J. Gra~nt & J. Cureman: J. Metals,

(1951) April, p. 319
7) P. HerasymeEnko & G. E. SpEIGHT! J. Iron
& Steel Inst. (U.K.»),'IGG (1950), p. 169

HFEEMmA Y — 2 WRIBETIRIC BT 5 ROEL”
(lﬁ ﬁ%ﬁ—tT -7 ﬁﬂﬁ&@%@ﬁﬂn—l)
PEE  Sp* - SOKFFER™ - lREEBE— - EEEﬁIEEE***

Change in Compos1t10ns of Varrous Metals before and after

Consumable Electrode Arc Meltmg
(Basio study on consumable electrode arc meltlrlg method—I)
Mamoru NrsﬁIHARA, YoskhiroA Y ac1, Kiichi ‘NARITA ‘and‘ Masao KuRiHArRA
Synopsis:

many kinds of metals such as carbon steels, low-alloy steels, bearing steels, stainless steels,
‘heat-resistant alloys, magnetic alloys and titanium’ are melted by this method, and analyses
of chemical components and oxide inclusions are carried out with the materials before and
after the consumable electrode arc meltmg, that is, with the electrodes and the ingots.
The results obtained were as follows:
By the method every oxide content in various steels and alloys. was decreased, which
resulted in a decrease of the oxgyen content as much as by 50% of that of electrode. In the
 metals containing more or less Al, the Al;O; was decreased mamly, and in the steels scarcely
'contammg Al, the MnO and the SiO: were mainly decreased. The decrease of nitrogen
content, being not so markedly as of oxygen content, was as much as by about 30%. In
“the alloylng elements, the content of Mn was decreased as much as by about SO%
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"In order to study the reﬁmng process by the consumable electrode arc meltmg method,
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Table 1.

“Chemical compositions of various metals before and after |

- ~Composition (%)
’Il‘\?gt Kind of metals \
. Classification ,

Si P 8 Cu

Carbon sté.el

0°040 | 0°26

N6, 1 _Air-melted electrode 0°015
o S S-41 _"Arc-melted material *16 0°40 0°25 0°016 | ©0°038 | 0°23
T Air-melted electrode 0°1 0°44 0°19 0°024 | 0°027
No. .2 Cagbé"_‘;teel Arc-melted material (1) | 0°18 | 0°33 | 0°18 | 0%026| 0°026
: ‘Arc-melted material (2) 0°18 0°21 0°19 0*027 | 0°024
No. 3 | Ni-Cr-Mo steel | Air-melted electrode 036 | 068 | 027 | o°011| 0%009 | 0°17
, E SAE 4340 Arc-melted material 0°37 0°57 027 0°010 0*008 | 0°17
No. 4 Bearing. steel . Air-melted electrode 1°01 035 0°29 0°015 | - 0°008 | 0%11
A - 8uJ 2 Arc-melted material 100 029 0°29 0°013 0008 | 0*11
.No 5 Bearing steel -Air-melted electrode 1°02 048 0°31 0°014 | 0°009 | 0*11
: ~ 84J 2. " Arc-melted material 1°02 0+31 0°30 0*012 | 0°008 | 0°10
No. 6 Stainless steel Air-melted electrode: 006 123 0°34 0°025 | 0°009
- AISI 304 Arc-melted material 0°04 1°09 035 0°025 | 0°009 |
No. 7 Stainless steel Air-melted electrode 0°030 | 1°84 | 0%76 | 0°011| 0-013| 0°05
- AISI 316L Arc—melted material 0°029 142 0°75 0°011- 0°013 | 0°05
- No. 8 Stainless steel Air-melted electrode 0°022 | 1°66 0*11 | 0°0tl |- 0010 |.0°12
- AISI 347 | Arc-melted material 0027 | 1°*13 011 0°011 0°009. | 0°12
No. 9 Stainless steel Air-melted electrode 0°11 172 0°29 | 0°016| 070207 0:06
- " E-~312 Arc—melted material - 011 1+48 0°28 0*016 | 0°019 | 0°07
- PR g Air-melted electrode 0061 127 048 0*013 | 0016
No. 10 Sf?f‘;lgﬁfl steel Arc-melted material (1) | 0°062 | 0°85 | 0%48 | 0°014| 0°014
o ) Arc—melted material (2) 0°061 0-84 0°47 | 0°015 0:016
No. 11 Timken | Air-melted electrode 0°085 | 1°43 | 0°35 | 0-016| 0°016
. 16-25-6 Arc-melted material 0°095 | 1°26 0°35 0°016 | 0-017
«»N?)- i | Heat-resistant _Aijr-melted electrode. | 0°074 | 2°68 1°08 | 0-018 | "0°006
’ s alloy A-286 Arc-melted material 0°075 2°51 1°02 0°017 O’OQé
- No. 13 Ni-base alloy Air-melted electrode 0*016 | 068 0*67 0°009.| 0°001
**2 | Hastelloy ' W Arc-melted material 0°017 | 0°62 061 0°012 | - 0°001
‘No. 14 Magnetic alloy | Air-melted electr ode 0013 | 0°20 003 0°006 | 0°010
Tl 50Fe-50Ni = | Arc-melted material. 0°013 | 0-21 [<0°01 0:003 | 0°010
No. 15 Magnetic alloy | Air-melted électrode 0°013 | "0°13 |<0°0l | 0°003 |: 0*010.!.
.. 50Fe—_50Ni Arc-melted material 0013 . <0°01 O'OQS 0°010
Sl gt Argon-melted material 0%030 | 0°010
No. 16 o Titanium Vacuum melted material | 0°029 0*011
Note “(1)” melted by consumable electrode arc method.

“(2)” is remelted by consumable electrode arc methed “ayr
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- ‘ consumable electrode arc melting. -
sn | Ni | cr Al | Mo |cb | Ti Vv | Fe-|CcO | N | O H k.
A 0040 |<<0*10 [<<0°10 0009 ' ‘ . 0°0055 | 0°0070

0°036 |<0°10 (<010 -0°008

0°0046 | 0°0034

0*0033 | 0°0051
" 0°0030 | 0°0010
0+0017 | 0°0006

176 | 0°82 | 0+015| 0°28
1+77 | 084 | 0°013| 0°26

| 0°0097 | 0°0043
0°0065 | 0°0016

0°019 | 0°05 1°40 | 0°013
0°014 | 0705 | 1°39 | 0°0l4

0*0091 | 0°0047
0°0071 | 00030

07016 | 0°05 1448 | 0°025
0°014 | 0°06 | 1%46 | 0-024

’0'0089' 0°0042
0°0060 | 0°0015

" ' 863 |'17°85 0°010 | ©°10
¥ | 862 | 17°79 0°010 | 0O°11

0°029 | 0°0107
0°029 | 070044

1110 | 18°29 2476 0°017 | 070084
11°19 | 1846 2°75 0°017 | 070033
10°61 1939 0°90 0014 | 0°043
10°48 | 19+71 0°89 0°014 | 0°017
9+65 | 30°33 0°04 0°044 | 070243
973 | 30°78 0°03 0044 | 0°0128
7+08 | 16°7 120 0°020 | 0°0055
712 166 120 0°017 00018
702 16°*5 117 0°014 0°+0009
2505 | 16°78 592 0°12 0°020 | 0+0010
25°18 | 16°80 6°10 0°12 0°0038 | 0*0005
27+45 | 1553 | 0°15 | 1°+48 1°52 | 0-27 ' 1070085 | 0°043
y 27°60 | 15°72 | 0°16 1°4% "1+57 0°26 , 0°0065 | 0009
: Balance| 4°92 23+82 0*21 6°25 | 2°42 | 070058 | 0*0113 | 0*0006
” 5°04 2364 024 |.6°97 | 247 | 0°0044 | 0°0060 | 0*0001
Balance 0°003 50°1 0+0028 | 0°019
” 0°003 494 070028 | 0°008
“ : Balance| 0003 498 0-0018 | 0°0180
v 0°002 49°8 | 00017 | 0-0088
0°060 00060 | 0°090 | 0°0042
. 0°062 0°0060 | 0°087 | 0°0022
AzBbTEEERR” — 7 B X VEEECRS T KFISRMIIRCIEd & LEREPDERL, FieT
5. o PR VKRS TR RS ST 5
2) %H, KECOVT. L EEHRTRRT AL EBRTERCR, T— IR
» EROPAVIBBEIEVH T B LS, LB TW N EOWTHHT R EE L IHE TR BB T B
s OVB LD LW EESH, WEEOBATRARIING UL, T & v ORERHEERENT VT R
 %THB. AFVUAMTIELALBOARBO LN W LIRICRA T 5 OBRD B - |
V. : : '

3) ek

C— 19 —




@é & M 2 48 E (1962) 138

1658
- Table 2. Results of oxide inclusion analyses of various metals before and v
after consumable electrode arc melting. '
Test ] _ . ___Composition (%)
No Kind of metals : : : _ AlO; | SiOg FeO Cr:03 | MnO®
: Classification o
k No. 1 - Cabon steel Air melted electrode 00060 | 0*0004 | 0°0005 | None | None:
) SS-41 Arc melted material | 0*0005 | 0°0004 | 0*0005 4 7
No. 3 Ni-Cr-Mo steel Air melted electrode Q0072 | 0*0002 | 0*0006 tr. | None:
. SAE 4340 Arc melted material 0°0021 tr. .| 0°0005 7 v
No. 4 Bearing steel Air melted electrode 0°0058 | 0*0001 | 0*0004 | None | None-
: SuUJ 2 Arc melted material 0°0030 | 0*0001 | 0*0005- 4 4
No. 5 | - Bearing steel Air melted electrode 0*0075 | 00002 | 0*0004 | None | None
} SUJ 2 Arc melted material 0°0012 | 0*0001 { 0*0003 7 4
No. 6 Stainless steel Air melted electrode 0°0118 | 0°0021 | 0*0006 | 0*0037 | 0*0081
AISI 304 Arc melted material 0*0060 | 0°0006 | 0*0005 | 0°0002 tr.
' oot b Air melted electrode . 100127 | 0*0010 | 0*0008 | 0*0008 ane'
No. 10 St?;‘f%eifHSteel ‘Arc melted material (1) | 070036 | 00011 | 0*0008 | 0*0005 | = 7
o Arc melted material (2)* 0+0026-| 0°0011 | 0°0006 | 00002 “
No 14A Magnetic alloy Air melted electrode 1 0°0009 | 0°0174 | 0°0016 tr. | 0°0122:
: ) 50F e-50N1 Arc melted material 0°0005 [-0°0004 | 0*0011 4 0°0012 .
No. 15 ‘Magnetic alldy Air melted electrode . 00010 | 0°0197 | 0*0021 tr. O'OO'19
: 50Fe-50Ni . Arc melted Material 0°0003 | 00005 | 0*0007 4 tr..

* ~As well as shown in Table 1

Tablle 3. Decreased quantities and ratios of oxygen contents corresponding to various
oxides contained in various metals before and after consumable electrode arc melting.

‘ Composition : ‘
Nt | Nl ot \ ALO; | SiO; | FeO | Cr;0; |MnO | © | Al
. .| metals Classi . - . .
assification .
I A  (ppm) 60 5 5 0 0 70 —
o Carbon = B (ppm) T Ul s 4 5 0 0 34 =
No. 1 steel C (ppm) 55 |1 0 0] 0 36 —
SS8-41 - D  (ppm) 26 05 .| 0 o] 0- 26°5% —
E (%) - 98 2 0 0 0 — —
, A (ppm) 72 2 6 tr. 0 43 150
Ni-Cr-Mo B (ppm) 21 tr. -5 tr. 0 16 130
No. 3 | steel C (ppm) 51 2 1 .0 0 © 27 20
SAE 4340 D  (ppm) 24 | 101 0°2" 0 0 25°3% —
‘ E (%) 95 4 1 0 0 — —
. A  (ppm) 58 1 4 0 0 47 130
Bearing B (ppm) 30 |1 5 0 0 30 140
No. 4 steel : C (ppm) 28 0 o o} 0 17 0
SUJ 2 D (ppm) 13 0 0 0 0 13% —
. E' (%) 100 o} 0 0 0 — —
. A (ppm) 75 2 4 0 0 42 250
. Bearing . B (ppm) 12 1 3 0 0 15 240
No. 5 | steel C  (ppm) 63 1 1 0 0 27 10
| .8UJ 2 D (ppm) 29 0°*5 0°2 0 0 20°7% —
E (%) 98 | 1°7 0°3 0. 0 — —
: : A  (ppm) 18. | 21 6 37 81 107 —
Stainless B (ppm) 60 6 5 2 tr. 41 —
No. 6 | steel C (ppm) 58 15 1 35 81 66 - —
AISI 304 D (ppm) 27 8 0°2 11 19 65°2% —
E (%) 42 12 0°3 17 28 — _
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. . ; " A (ppm) 127 10 8 8 0 55 1°20(%)
‘No. 10 S;?elglless B (ppm) 36 12 8 5 0 18 1+20(%)
) 177 PH C (ppm) 91 0 0 3 0 37 0°00(%)
, 1y D (ppm) 43 0 0 2 0 45% — :
‘E (%) 96 0 0 4 0 — —
- | Stainless A (ppm) 36 12 8 5 0 18 1°20(%)
No.10 | steel . B . (ppm) 26 10 6 2 0 9 1°17(%)
) 17-7 PH C (ppm) 10 2 2 '3 0 9 0°03(%)
| 2 D ‘(ppm)- 5 1 2 1 0 9% —
' . E (%) 56 11 22 1 0 — —
. A (ppm) 9 | 174 16 tr. 122 190 30
. Magﬁg‘;c B (ppm) 5 4 |1 tr. 2 80 30
No. 14 | o 2N - C  (ppm) 4 | 110 5 0 100 110 —
D  (ppm) 2 58 1 0 26 87% —
‘E (%) 2 67 1 0 30 — —
. A (ppm) 10 | 197 21 tr. 19 180 30
Ma;gﬁghc - B (ppm) 3 5 7 tr. tr. 88 20
No. 15 | «ome coNi C (ppm) 7 | 192 14 0 19 92 —
D (ppm) 3 | 100 .3 0 4 110* =
E (%) 3 91 3 0 3 — —

A: Air-melted electrode [exceptionally in No.10, (2) A is consumable eléctrode arc melted metal]
B: Consumable electrode arc melted material.
C: Oxide quantity is decreased. )
D: Decreased oxygen quantity calculated from (C), and sum of them is shown in * term. ~

E: Ratio of decreased oxygen quantity (D) versus sum of oxygen decreases (*).
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©On the Nonmetallic Inclusions of a Bearing Steel Treated with Acidic Slag.

tSynovpsis:

It is interesting that when molten steel

(Study on the treatment of molten steel with synthetic slag—I)

Koshi KaTo

has been treated with various synthetic slags, the

latter is presumed to have some effect on the nonmetallic inclusions and the steel quality.
A bearing steel (C 1°0%, Cr 1°5%) treated with synthetic acidic slag (A) was compared
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