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On the Relation between the Sand Marks and
Top - and Bottom-Teeming Procedures.

(Studies on the nonmetallic inclusions, especially sand marks in steel—III)

Zenichiro TAKAO, Takaaki SIMOSE, Kiichi NARITA and Atsusi MivaMoTo

Synopsis:

With the chromium-molybdenum steel No. 21 contammg aluminum acting as the deoxidizer
and the austenite grain refiner, the authors examined- into the top - and bottom-teeming
procedures for ingot making, which had some effects on the occurrence tendency of the sand

marks.
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The results are as follows:
1. The occurrence tendency of the sand marks is a little more remarkable in the top-

-teeming than in the bottom-teeming.

2. Sand marks of the complicated, the crystalline and the amorphous types are found in
the examined steel. The rate of the occurrence of the sand marks is 60 to 70% for the
complicated type, 26 to 30% for the crystalline type and 8 to 10% for the amorphous type.

3. No difference between top - and bottom-teeming procedures in the type of the sand
marks and in the nonmetallic inclusions which constitute them has been found.

4. Ozxide inclusions in the examined steel mainly consist of Al,O; and, in general, the
top-teemed ingot has a little more oxide inclusions than bottom-teemed one. In the top-
teemed ingot, oxide inclusions are rich in the top part of the ingot and relatively poor in
the middle and the bottom parts of it. In the bottom-teemed ingot, on the other hand, they
are the richest in the bottom part and the next in the top parts in quant1ty, and relatlvely
poor in the middle part. ’ )

5. There is a correlation between the occurrence tendency of the sand marks and the
quantities of oxide inclusions. Namely forged or rolled steel containing many oxide inclu-
sions has a great possibility of the occurrence of the sand marks in comparison thh forged
or rolled steel which has less oxide inclusions.
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Table 1. Details of top - and bottom- teemmgs

Charge . Killing Diameter Temperature 1 st ingot. 2 nd ingot 3rd ingot
Teeming . of .
procedure time nozzles of ingot case
No. (mn) (OC ) Teeming [Teeming [Teeming [Teeming |[Teeming Teeming
(mm) temp.(°C)| time temp.(°C)| time temp.(°C)| time
K E 103t Top 7 28 | 100~120 1562 3'02" | 1552 1'37"" | 1550 2'10"
KE 1032 5 28 100~120 1563 2'40" | 1558 1'50"" | 1553 2'20"
K E 1051 5 50 100~120 1573 a'o7" | 1565 3’51 | 1555 3'00"
I, E 16%1 5 28 100~120 1558 2'45" 1553 2'20" 1548 3'33"
L Fi626 7 28 100~120 1567 3'27" 1562 32" 1550 4'29"
L F 1628 6 28 100~120 1563 2'50"! 1558 2'39"" 1550 434"
S D3259 5 50 100~120 1563 3'20" 1558 426" 1553 21421
K E 1052 BOttom 5 50 100~120 Teeming initial 1557OC Final 1552°C Teeming 4,00”
K E 1057 4 50 - 100~120 temp. 1560°C 1555°C time 4'16"
K E 1060 5 50 100~120 1565°C 1558°C 4'40Q'"
KE 1072 5 50 100~120 1565°C 1558°C 545!
S D3265 5 50 100~120 1558°C 1553°C 3’50
S D3266 5 50 - 100~120 1568°C -1563°C 415!
S D3274 5 50- 100~120 1562°C 1557°C - 510"
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Table 2. Chemical composition of specimens (%).
' Charge |Teeming | - ’ . .
No. . |procedure C Mn Si P S Cu Ni ‘ Cr Mo Sn
K E 1031 Top 017 065 0-22 0016 0007 011 0°13 0°99 025 0018
KE1032 019 066 0-21 0°023 0008 017 0°27 095 025 0°034
- KE 1051 016 065 0°30 0028 0°008 0-18 -0°15 100 024 0°027
LFl16i2 016 066 0°23 0016 0011 012 0°08 111 026 0021
L F 1626 016 070 0*22 0014 0011 0-10 0°05 110 0°25 0°023
L F1628 0°16 070 026 0016 0012 014 0°10 1°07 027 0°037
S D3259 016 071 029 OfOl7 0018 0°16 008 108 024 - 0°026
KE1052 | Bottom 0'1‘6' 0°70 0°29 0019 0020 016 015 1°02 025 0021
" KE1057 ’ 016 068 029 0017 0°019 017 009 104 026 0°025
K E 1060 016 070 029 0015 0018 0+23 008 1 1°04 0°24 0°026
KE1072 016 067 023 0°022 0°029 017 012 094 0°23 0°029
S D3265 016 075 022 0016 0°015 014 014 1°00 0°28 0°022
S D3266 017 0°70 0°23 0016 0°0t1 020 015 1°03 0°25 0°028 .
] SD3274 016 071 0+23 0023 0°020 0-18 012 1°06 027 0°030
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Table 3. Detected frequency of sand marks.
Charge Teeming ! St”' ingot 2nd ingot 3rd i‘ﬁgot :
No. rocedure PR . )
p Top |Middle| Bottom| Top | Middle| Bottom| Top | Middle | Bottom
. KE1031 Top o 0 1o o 0 0 0 0 0
KE 1032 o} 0 0 0 200(1)| o 2°9(1) | 0 6°6(5)
K E 1051 0 0 0 15°0(8)] 7°5(2) | 0 0 0 0
L F1s612 0 4*5(3) | © 0 10 0 0 0 0
L F 1626 18:7(3)| 0 10°2(9)| o 0 “18*9(3)| 0 0 0
L F1628 0 4°1(1) | 3:0(1)| 4-3(2)| 1°3(1) | 2-2(1)| 0 0 0
S D3259 0 0 0 ~1 0 0 0 0 0 10
KE 1052 Bottom 0 0 0 63(2) | 0 0 0 0 . 0
%%1057 1°2(1) | 0°8(1) | © o -~ |o 0 0 0 {o
1060 0 0 (0] 0] 0 0 2+8(1) | 1°0(1) ; 1°2(1)
KE 1072 0 55(2) | 0 0 1°0¢1) | 0 0 0 0
SD3265 0] 0] * 15°6(4)] O 0 0 0 0 0
S D3266 0 0 0 0 0 0 0 0 0]
S D3274 0 o 0 0 0 0 0 0 0
Note. The figures given in the table are an indication of the total length (mm) of sand

marks detected, and the figures in parentheses are the number of sand marks.
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Table 4. Classiﬁcation and constitueﬁt of sand marks in Cr-Mo steel No.2l containing Al

Count of Classification of . :
. n ts of sa k
Charge |Teeming | q sand marks Constituents nd marks
Count of |[Count of {Count of : .
N dure/marks | com- | crystal- |amor.  Type Appearance Identified
No. ‘proce detected alrg::ted line phous pp inclusions
‘ﬂ 0 -0 0- 0 Grey undeforme‘d crystals | Undeformed crystals:
I%g}gg; | Top 6 5 1 0 . are included in blackish.| Al;Os,’
A =Q | grey~black glassy inclu- MAILOs4, (M-Fe, Mn)
K E 1051 8 5 2 1 22 | sions elongated plastically | alumino-silicates
LFl6l2. 2 2 0 0 = S |along the direction of Elongated inclusions:
L F 1626 14 8 5 1 § = |foreing. : S102,
L F 1628 10 4 4 5 Q ’ iron-mangano-silicates
S D3259 0 0 0 o} - ) .
8 Grey ﬁrséstall f<51'xr111 strings ﬁli?aé (M-Fe, Mn)
7] stretched along the » -ke, Mn
%E 1052 | Bottom 2 1 1 0 > @ | direction of forging. alumino.silicates
E 1057 2 2 0 0 o= |
K E 1060 4 3 1 0
IS{IE):Ingé i g 2 g } g g Gray~blackish grey glassy SiOs,
. o5 | inclusions elongated along | iron-mangano-
S D3266 : 2 2 0 0 E;; the direction of forging. silicates.
SD3274 0 0 0 0 A ' .
| .
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steel ingot containing Al.
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