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

(Studies on the nonmetallic;’i,n‘clusions, especially sand marks in steel—IV)
Kiichi NARITA and Atsusi MIyAMOTO

Synopsxs
- With the chromium- molybdenum steel No. 21 containing vanadlum acting as the austenite
grain refiner, which had been treated with calcium-silicide as deoxidizer, the authors examin-
"ed top- and bottom-teeming procedures for ingot maklng, which had some effects on the
occurrence of the sand marks. : : ;

Experimental results are as follows: . :

1. The occurrence tendency of the sand marks is a little more remarkable in the bottom— ;
teeming than in the fop- teeming. Lo :

2. Sand marks of the complicated and ‘the amorphous types are found in the examined
’stéel The rate of the occurrence of the complicated type sand marks are more remarkable
than that of the amorphous type sand marks.

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

4, Oxide inclusions in the examined steel mainly consist of MnO and SiO: and in general,
the bottom-teemed ingot has a little more oxide inclusions than top- -teemed one. In the top-
teemed ingot, oxide inclusions are rich in the top part of the ingot, while relatively poor in
- the middle and the bottom parts of ‘it in quantity. In the bottom-teemed ingot, om the other
- hand, they are rich in the top and the bottom parts, but relatively 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 rleed steel containing many oxide inclu-
sions has a greater possibility of the occurrence of the sand marks in comparison with for-
'ged or rolled steel which has less oxide igclusions; :
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Table 1. Details of top-and bottom-teenlings.

Heat Teeming ’ . Kiui;g’ Diametor Temper- Ist ingot | 2 nd ingot 3rd 1ngot 4th ingpt

T proce- Ingots | time of nozzle ?r?glf;?: of Teem- Teem- Teem"’l‘eem Teem- Teem- | L™~ | Teem-

No. " dure n) case(°C) | B8 g | IRE. {hng" | ing G007 | ing ng
] E (mr}1) (‘mm) . E?gl)pf time Eggl)p. time EEgl)P- time E?};’)P }:une
KE 1161 3t x4 5 28 |100~120 1560 | 1'40'"| 1558 | 1'55"| 1558 | 2'10'!| 1555 | 2'25'"
KE 1162 | 3t x4 4 28 [100~120) 1559 | 1'40"'| 1553 | 1'50"'| 1552 | 1'50""| 1550-| 2'20"!
LF 1505 - P 3stx3 3 28 |100~120| 1550 | 2'20""| 1546 | 2'55"| 1542 | 227""] — | —
L F 1504%* 35t X1 5. 28 100~120; 1553 | 223" — — — — — —
L F 1456* 3*51 X1 3 28 100~120; 1547 | 2'"15'} — — — — — | —
KE 1163 3t x4 6 60  |100~120| Teeming Initial 1556°C, Final 1550°C, Teeming3'40"
KE 1185 Bottom 3t X4 4 60 100~120{temp. 1554°C, 1550°C, time 5'10'"
KE 1187 3t X4 6 60 100~120 1554°C, 1550°C, 4'20"
L F 1504%* 35t X2 5 28 100~120]. 1550°C, 1545°C, 340"
L F 1456* 3°5t X2 3 28 100~120 1543°C 1540°C, 4'10"

Note: The (*) marked heats given in the table indicate that one ingot made by the top teeming
procedure and two ingots made by the bottom- teemmg procedure from molten steel of

the same heat.

‘Table 2.

Chemical composition of. speCimené (%).
v . o : ‘ Recovery
Heat | Teeming| ¢ | p Si P | S |Cu |Ni |C |Mo| V of
. p _ _ : B : vanadium
KE 1161 0-18 | 0°71 0°28 0°009.| 0°010 { O*14 | 0°07 | 1204 | 0°26 0°100 100
KXE 1162 Top 017 070 0°26 0013 0013 | 0°14 { 0*07 | 106 | 0°24 0°087 87
LF 1505 0°18 067 0°31 0°013 0°015 | 0°20 | 0*10 | 1*08 | 0*24 0°116 116
KE 1163 0°16 0°69 0°23 | 0°014 0014 | 0*12 | 0*0 1°08 | 0°2 0097 97
KE 1185 | Bottom | 0°18 0°67 0°26 0°011 0012 [ 0*19 | 011 | 093 | 021 0°106 106
KXE 1187 I0‘16 0°72 028 0°008 0010 | 0*15 | 0°12 | 1°06 | 0*26 0°094 94
"L F 1504 | Top & 017 0°65 0°28 0°012 O‘CIO 0°1210°08 | 1°07 | 0°25 0°108 108
- LF 1456 | Bottom | 0°18 | 0°74 0-24 | 0°013 0°010 { 0°18 | 0*06 | 1*05 | 0*24 0°107 107~
Table 3. Size and forming ratio of specimens.
. Size of rolled . ’ . Size of rolled .
Teeming s Forming Teeming . Forming
Heat No. - material p Heat No. ; material -
| procedure (mim) ratio | procedure (mm) ratio
KE 116l - 110§ 28 KE 1163 100 § 28
KE 1162 110§ - -28 KE 1185 162 ¢ 14
L F 1505 Top 80 ¢ 57 KE 1187 { Bottom 162§ 14
L F 1504 110§ - 30 LF 1504 . 110§ 30
" LF 1456 80¢ - 57 L F 1456 80§ 7
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Table 4. Detected fr‘equency of sand marks.

Heat Teeming 1-st ing.ot 2nd ingot 3rd ingot 4 th ingot
No. procedure Top |MiddleBottom| Top |MlddleBottom| Top |Middle[Bottom| Top |Middie[Bottom
KE 116l t2()) 0 | 0 22 o [zro@)| o [8@)| o | o | o |tr1(1)
KE tie62 0 l2:4(2)| o 0 0 0 0 o | o 0 0 0
LF 1505 Top 0 0 o | o 0 0 0 0 0

LF 1504 0 0 o | —| —| = | =| ==

" LF 1456 0 0 0 | — | — | = | — | = | =

. KE 1163 0 0 [2:0(2)[2°8(3)| © 0 0 0 0 0 [2:32))1° 6(2)
KE 1185 | - 1*8(2)| © 0 o o 0 0 0 130 s o

KE 1187 | Bottom 1+7(2)o*8()[2°2(2)] o' | © 3'5(4)2‘0(2)0'5(1) o o) o |1 0(1}
LF 1504 | — ' =77 =" o 0 0 0 lo*s(1)

"LF 1456 — | — | =] o0 o | o 5(2) 0 [2:0(3)

Note : The figures g1ven 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

Table 5. Classxﬁcatlon and composxtmn of sand marks in chromlum molybdenum
steel No. 21 coentaining vanadmm :
= i
: ®0 Y | Count of | Classification of sand marks Composition of sand marks
Heat - g rg
e sand marks - -
N g 8 Count of | Count of | Count of Identified
0. g e detected crystalline [complicated| amorphous Types Appearance inclusions
=1 : type type type . .
- i 5
KE 1161 6 0 5 1 g Dark grey undeform- Non-deformed
: : < ed crystals are in- crystals: Al;Os,
KE 1162 o 2 0 2 0 O | cluded in grey~dark | alumino-silicates
L F 1505 o 0] 0 0 0 - = grey glassy inclusions | (for example,3A1,03
L F 1504 & -0 0 0 0 o elongated plastically -28i07,3Mn0O-A1,0;
LF 1456 0 0 0 0 g along the direction of | -3S5i03,3Fe0O-Al;O3-
8 rolling. 3S8i0; etc.)
pt . Elo.il_gagesc_l Oin)clusions:ﬁ
KE 1163 6 0 5 1 =] silicalsiVez), '
-, ma -
KE 1185 | E 4 0 4 0 2| revodark sificates, o0
. o, rey~dark grey
KE 1187 b= 8 0 6 2 ‘8 glassy inclusions Silica(Si03)
<« LF 1504 pg 0 0 0 0 & " | elongated along the iron-,mangano-
L F 1456 4 0 4 0 < direction of rolling. silicates.

Complicated type sand mark
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Table 6. Results of chemical and spectroscopic analyses of sand mark
portions and souud portions. o

San’(ll‘y&ea r°1fs. | Analysis | Al(%) | Si(%) | Mn(%)| Fe(%) | Ca Mg v | Al/Si
. Chemical 0:029 | 0°038 | 0°024 | 0°010 o .| 076
C”mm”w' Spectroscopic | ++ ++ ++ + — - -
Chemical | 07007 | 0+031 | 0°018 | 0°009 023
Amorphous Spectroscopic + ++ | ++ | % - — —
‘Sound Chemical 0+0003 | 0*0015 | 0°0022 | 0°0004
p‘ortiqn ‘ Spectroscopic + + == == - - -

Note: Samples for chemical analysis were taken and weighed about 1 gram of sand mark
portion and about 2 grams of sound portion, while for spectroscopic analysis they
were taken and weighed about 100 milligrams and about 2 grams respectively.
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