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On the Teeming in the Protective Atmosphere.
(Studies on nonmetallic inclusions, especially saﬁd marks in steel—II)
Zenichiro T arao, Kiichi NARITA, Kazuo KANDA and Atsusi MI1YaAMOTO

An apparatus of the teeming in protective atmosphere .that can simulates the practical
operation was made in trial, then the teeming in air and in protective atmosphere was
carried out. In both methods, the rate of oxidation of molten steel in air, which had
effect on the occurrence tendency of the sand marks, the amount of oxide inclusions and the
recovery of aluminum acting as the deoxidizer and the austenite grain refining etc., were
compared each other and studied. '

Results were summarized as follows;

1. The occurrence tendency of the sand marks was more remarkable . in the teeming in
air than in that in protective atmosphere. In the case 'of the teeming in air, the occurrence
tendency of the sand marks depended on-the kind of steel; that is, more remarkable with
low-carbon chromium-molybdenum steel No.2! than with medium-carbon steel SAE 1030 and
1040. In the teeming in protective atmosphere, -however, no dlfference on it was recogmzed
between the kind of steel.

2. The amount of oxide inclusions and the oxygen content was found more in the former
teeming than in the latter one, and also was found more at the top and bottom parts of the
ingot than at the middle part of it on both cases.

3. A strong tendency of the occurrence of the sand marks was found with forged or rolled
steel having much oxide inclusions and much oxygen in comparison with that having less
oxide inclusions and oxygen.

4. The recovery of aluminum was h1gher in the teeming in protective atmosphere than in
that in air. Judging from results obtained, it was really recognized that the rate of oxida-
tion of molten steel in air had a remarkable effect on the occurrence tendency of the sand
marks, the amount of oxide inclusions and the recovery of aluminum.

This undesired oxidation of molten steel could be prevented by use of argon or nitrogen
gas in the teeming in a protective atmosphere. Argon gas, however, was rather expensive so
that nitrogen had better be used in practical operation from the economical point of view.
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- Protective gas

Fig. 1. The ejection tube for protective gas,
set up to spout.
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Table 1. Details of 1ngot makmg by bottom- teemmg procedure.
‘ Char el ‘ Tappmg Tappmg fdldition Killing Dlar(r)lfeter Teeming qum-
steel | No. g Teeming ; temp. . time in ladle time nozzles Ingot temp. ing
] o -
(°C) (mn) (g/t) (mn) (mm) . (°C) time
SAE 1030|L F2035 In air 1615 ~2 200 5 50 2°5t x4}154o~1535 4'16"
SAE 1030;S D3508(In nitrogen 1615 ~2 200 5 50 4 11539~1535| 4'08"'
SAE 1040|L F1972| In air - - 1620 ~2 170 5 50 4 1543~1538| 4'30"'
SAE 1040|S D3482/In argon 1620 ~2 170 5 50 4 1545~1536| 5'50"
SCM 21 (KE1363] In air 1630 ~2 270 6 <60 30t X4[1568~1562| 4'50"
SCM 21 S D3532|In argon 1625 ~2 270 5 60 3°5t X3|1555~1550| 4'40"'
Table 2. Chemical composition of specimens. ()
| Charge | . . "1 ~. | ~r. | Forging
steel No. Teeming C Mn | Si P S Cu Ni Cr Mo ratio
SAEI1030 | L Fz2035 In air .| 028 | 064 [ 0*26 | 0°020| 0018 0*20 | C*15 | 0*12 — 145
SAEI103 | SD3508 In nitrogen| 030 0°70 | 0727 | 0°023| 0*014| 0*18 | 008 | 0*09 - 14+5
SAE1040 | L F1972 In air 0°36 | 0°60 | 0°32 | 0°026| 0°025| 0°21 | 0*13 | 0°08 — 14°5
SAEI1040 | SDa3482 In argon 0*35 | 0*56 | 0°28 | 0*0t4] 0"01t| 0°22 | 006 | 0*15 — 14*5
S CM21 KE1363 In air 0*18 | 0°69 | 0°35 | 0°014] 0°026] 0°20 | 0*18 | 1°05 | 022" 16*8
S CMz21 S D3532 In» argon 0*17 | 0°64 |'0°30 | 0°012{ 0°014| 0°21 | 0*14 | 1°07 | 0*22 185
Table 3. Results of macroscopoical inspection of sand marks.
Top part of the steel [Middle part of the Bottom part of the
Charge . ingot steel ingot steel ingot
teel T .
Stee No. ceming Ist | 2nd | 3rd |ist [2nd | 3rd| 1st | 2nd | 3rd
step step step | step | step | step step step step_
SAEI1030 LF2035 1 In air 2:0(2) 0 0 o) 0 { 0 3°5(3) | 1*5(1) 0
SAEI1030] SD3508 | In nitrogen 0. 0 0 (Ol o i 0 3°0(2) 0 0
SAE1040] LF1972 | In air 1°5(2) | 2°5(2) 0 o} 0 g 0 ro(1) | 2:0(2) 0
SAE1040] SD3482 | In argon 1°5(1) 0 0 0 o 4+ 0 0 0 0
S CM21 KE1363 1 In air : 2°0(1) 0 0] 6] O | O 8:0(6) | 1°0(2) 0
SCM2t | SD3532 - In argon 2°0(2) 0 0 0 0 |0 o 0 0
i

Note. The figures given in the table are an indication of the total length (mm) of sand marks
detected in accordance with the JIS G 0556 inspection method, and the figures in
parentheses are, the number of sand marks.
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Ta‘ble 4, Appearance of sand marks and identification of non-metallic inclusions
that constitute sand marks. '
‘Al ! Detected frequency
3 mddition Type of| of sand marks , . ) ) ) _
9 in ladle sand Teeming I Teeming in Appearance of sand marks Identification of inclusions
w (g/t) marks | in air . | protective
“ | atomosphere .
[ Cry- Greyvish white~grey crystals | Al;O3
i sta%line 4 1 form strings stretched along | MO- Al.O;, (M:Fe, Mn)
T | the direction of forging. alumino-silicates
(3] o R - - -
+—
w Undeformed crystals:
o | 200 .Gf‘iy d“gd?f“mgd ide.Stﬁls are | Al;O;, MO- Al:Os, (M:Fe, Mn)
88‘ Com- ! . 111\(: uaed Hi Brey eir gieg alumino-silicates.
=8 plicated - gassy 1ncusions —elonga Elongated inclusions:
85 p}ashc:?.lly ?.long the longxtu- SiOs,
E<¢l dinal direction during forging. iron-, mangano-silicates.
:’mA _— — — e PEREEERES —_— =
"E‘;"’l A Grey glassy inclusions elon- .
b4 mor- . Si0s,
gated plastically along the |: > etT
= phous ! ! longitudinal direction during iron-, mangano Slllcates.
forging. :
Cry- - ' ' Greyish white~grey crystals | Al,O3
stalline 5 1 form strings stretched along | MO- AlO3, (M:Fe, Mn)
> the direction of forging. | alumino-sillcates
Q - -
*ﬁg Greyish white~grey unde- |Undeformed crystals:
=Kol . | formed crystals are included | Al;O3, MO- Al,O5, (M: Fe Mn)
2@l 170 Com- |. y . in dark grey~blackish grey | alumino-silicates.
5< plicated B inclusions elongated plastically{Elongated inclusions:.
339 ‘ along the longitudinal direc- | SiO-
g ! tion during forging. iron-, mangano-silicates.
=
% Amor- : Light grey glassy inclusions ! SiOz,A )
S 1 phous | ] . -elongated plastically along the | iron-, mangano-silicates,
o longitudinal direction durmg | rarely (Fe,Mn)S
1 forging.
. Greyish white, rarely yellow- | Al;O;,
o Cry- 3 - ish grey crystals form strings | MO-Al;O;, (M:Fe,Mn)
g stalline stretched along the direction | alumino-silicates.
of forging. . '
%
j Greyish white~grey unde- (Undeformed crystals:
S Com- formed crystals are includ~d | Al:O;,MO- Al;O3,(M:Fe Mn)
o licated 5 5 in dark grey~blackish grey | alumino-silicates.
'z, 270 |p inclusions elongated plastical- |[Elongated inclusions:
= ly along the longitudinal dir- | SiO,,
g ection during forging. iron-, mangano-silicateés.
- . , ma
é _ Light grey~blackish grey | SiOy, .
] Amor- ) - glassy inclusions elongated | iron-, mangano-silicates.
3 phous plastically along the longitu-
dinal direction during forging.
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Table 5. Effects of teeming atmosphere on the recovery of aluminum which had been
added as the deoxidizer and the austenite grain refiner, the amounts of oxide
inclusions and gas, the cleanliness and the austenite grain size. ‘

Charge No. JPart of | A} addtion| Al [Recovery of| Oxide inclusions (%)
Teeming’ P teel in ladle aluminum -
steel ;ggztee (g/t) (%) (%) Al,04 SiO;
L F 2035 . Top 0°015 75°0 0°0118 00002
(SABI9%0) In air Middle 200 0°015 75°0 0°0116 00002
Bottom 0013 65°0 00124 0+0002
S D3sos Top 0017 85°0 00110 0°0002.
(S AE1030 In nitrogen - Middle 200 0-016 800 0°0098 - 0*0000
Bottom 0019 950 © | . 0-0120 00000
L Fi1972 , Top 0°013 76°5 - 0°0120 00002
(SAE 000 In air Middle 170 0°013 76°5 0°0115 0+0000
Bottom 0°016 942 00125 00002
S D 3482 Top 0°015 88+3 0°0110 - 0+ 0000
(S A E1040)" In argon Middle 170 0°015 883 0°0106 - 0*0000
Bottnm 0016 942 070092 00000
K E1363 TOp 0017 63°0 0°0122 0*0002
(SCMay | Inair Middle 270 0°015 5546 00110 00000
Bottom . 0°018 66°7 00140 00005
S D 3532 Top 0°019 7074 00126 00002
(SCua1y | In argon Middle 270 0017 630 0°0109 0°0000
Bottom 0:019 70+4 0°0118 60000
Charge No. Oxide inclusions (%) Gas (%) . Austenite
' . Cleanliness |grain size No.
Steel_ (Feo)compl (MnO) compl Cr:03 -0 N (925°C,6 h)
' 0+0008 00000 0°000 " 00060 00065 : 774
(531535?8§o> 0°0008 0°0000 0°000 0°0057 00058 [BI~% ~eu 72
0°0010 00000 0000 00060 00062 ’ ¢ 7+1
0°0010 0*0000  0°000 00050 00068 ' 7°0
(s§§3§?S§o> 0°0010 00000 0000 00045 00065 iif' <:g” 6°8
0°0010 00000 0000 00057 00067 » . S3p 744
: 0°0010 00000 0+000 00055 00067 69
(sLAFﬁ?gzzxo) 00010 00000 0°000 | - 0°0050 00060 |B% =3n 63
- 0°0012 00000 - 0°000 0°0058 0°0065 > S3p 67
' 00010 0+0000 0°000 0°0051 - 0*0050 ! ‘ 69
(sSADE?J?gio) 0+0010 |~ 0°0000 0°000 | 0°0049 0°0054 E}”z’ fgf‘ 67
0°0008 0+0000 0000 00046 00050 » . S3p 6°6
0°0010 00000 0+000 00053 0+0064 743
(Ié gﬁgf) 00006 0+0000 0+000 0+0048 00062 E‘I" 3’;’2“ 740
_ 00006 00000 0000 - 0*0062 0+0065 . S3p 701
0°0006 | 0+0000 0+000 00054 00052 , 774
(g ]813\23%) 0+ 0006 0:0000 0*000 0+0050 0-0052 |B% sen 744
00006 0-0000 0°000 00056 00058 »  S3g 742
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Table 6. Expenditure of the teeming in
. protective atmosphere.

Protective |Gas eapacity for use | Expenditure
atmosphere |(per 10t molten steels)| (per 1t steel)

Argon 30~40 n‘f’
Nitrogen 30~40 m3

1500~20C0 yen
240~ 320 7
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