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OBSERVATIONS ON THE VERTICAL SEGREGATION PROCEED-
ING IN MELT BY ANALYSING THE METAL ADHERED TO THE

BARS DURING BAR-TEST

Studies on the solidification and segregation of larger steel ingots— (II)

3

Heishiro Morikawa Shinsaku Onodera and Yutaka Arakida

Synopsis:

As stated in the Ist Report (Tetsu-to-Hagané 1958 No. 1, p. 9~>14), bars used for bar-test
of measuring axial solidification rate of large steel ingots became thick due: to the adhesion

of solidified metal.

Cutting the adhered metal ‘layer-by-layer from their surface, it was found

that certain layer of this metal, that was 1°5~2'5mm deep after removing. surface oxidized
zone, nearly coincided with the melt of the depth at which the bar had been stopped for

marking for a few seconds.

By taking samples from this specific layer at every 400~600 mm,

the vertical segregation proceeding in the melt of the ingot core was qualitatively caught-

(Fig. 5, 6 & 7).
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This finding was supported by some of the previous experiences or theories, and was ex-
plained by the upward movement of segregating elements. It also provided against the sedi-
mentation theory of negative segregation with definite evidences. :

The effect of gravity on the segregation that had been indicated here from the new stand
point would be made more distinct in the next report by an experiment with sand-cast ingots.

I
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t) oL EEEEZME LERAoiczhit s b
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(@ Bottom side  (b)

(a) : Longitudinal section showing a loose adhesion

(b) : Surface undulation of adhered metal
Fig. 1.

Solidified melt adhered to the test bar. *k
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Fig. 2. Estimated temperature-rise of test
bars during immersion.
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Fig. 3. Examples of layer-by-layer analysis
- of metal adhered to the tested bar.
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Full lines: Samples were taken along the split

surface of fhe ingots.
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side end of tested bars.

Fig. 4. Comparison between the axial segre-
gations obtained by two sampling methods
(ingot: 5t, sand-cast).
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Table 1. Rusults of chemical analysis of the adhered metal.

Ex. 1. 47t ingot

Time ! . pe
after  No. of | Chemical composition (%)
i ample | . ‘ i ; i
Pz’ﬁr)m? sampie o ¢ Si Mn P | S | Ni | Cr | Cu | Mo | V
N ! : — L -
(Ladle) 0'27 | 032 | 0°84 | 07028 | 0°030 | 0-1l | 008 | 0°17 l 0-01
Al 025 | 0°3 0-81 0+025 | 0030 ' 0°10 : 0°05 | oOvt6 | tr. |
Ass 0°26 | 0°34 | 0°8] 0°026 | 0°030 . 0°10  0+07 , O°17 . 7 |
: Ag o 026 | 0°33 082 | 07028 | 07032 ' 0-11 005 | o1z | #
App_ys | 027 | 034 | 0°82 | 0°027 | 0°030 . O-1r 0°07 | 0°17 ”
A7 0+27 0°34 082 0+027 | 0+032 . 0°13 ° 0°07  ©0°17 « 7
Agg_oy 028 | 0°33 084 | 0°030 | 0.032 ! 0°13 010 ; 018 , #
A, 029 | 0°33 0°84 | 0°027 | 0°033 | O-1l 0°08 . 0-18 ”
B, l 0-23 ' 0°32  0-8l i 0°021 07028 O0<Ll 007 | 017 | tr.
B._s 0723 | 0°33  0°84 ; 07029, 0°035. 0°13 ' 0°07 | 018 | 7
4 . Bg—g  0°36 ' 0°35 = 0-88 l 0032~ 07039 .0°11 008 019  #
. By, 0°35 . 0°33 , 0°89 | 0.034 . 0°040 | 0°1l | 0°08 | C*19 | 7
' B ‘ 035 ' 034 0°950 ~ 0-035 0°040' O-1l 008 ' 0%19 . ¥
} j 1 ! ! T ’
C, 0-3¢ | 033 | 0-89 0°034 , 0041 | 0*Il | 0°08 | 0°19 tr.
7 Caos 0-47 036 | 096 ' 0048 0-060| 013 | 009 | 019 = 7
8 0'44 | 0°57 | 1°00 07042, 0°053 | 0709 008 | 019 7
! , ‘ — , DU R E—
D, 0-40  0°35 | 0790 | 0°038 | 07050 0°08 | 0'08 | 0°18 | tr.:
9 Di_s 041 | 0°35 | 0°93 0-038 0-0521 009 | 007 | 019 ! #
8 0°50 | 048 | 1°0l 0°057 | 0075 ; 0%13 | 009 | 0%19 | 7
o E, 045 | 036 | 0'96 | 0°045| 0-062 | 0°1l | 0+08 0+19 I S tr.
E, 055 | 0°40 1+01 0°055 ; 07075 | 0°1l 0-08 . 019 | 7
Ex. 2. 20t ingot
(Ladle) 0°39 0726 0+55 0028 | 0-031| 0°14 | 0-07 [ 0-17 | 002
| H . N - ] N 1
K, | 03¢ 028 ' 050 | 0020 .0°025 % 0°17 0-08 L oe17 ' 0+02
| Kis | 0'37 | 0528 | 0°54 | 0°025{ 0%025 | j |
! Kg-9 ' 0°40 ' 0°28 = 0°55 07024 0°031 ; ,.
1o Kieon | 004l 0°29 | 0°55 | 07023 0033 | |
I Kie-r | 004l : 0026 ' 0°038 !
. Kopom | 0741 { ! 07027 , 0°031 | - |
24 ©0°42  0°29 ' 0°54  0°024  0°034  0°17 i 0°09 0'18 002 |
. . 5 i .l
L, © 040 . 0'28  0°51 , 0°021 0°027 - 0°17 008 0-18 0-02
Lys | 0%40 | ©0*52 1 0021 0°030 | 1
5 Ls—g | 0'45 , 0730 ., 0°52  0°025 0°034 }
Lis_1s ’ 0°45 i 0°52 | 0°025 0+036 | !
Lig—1z | 0°47  0°29 . 0+52 , 0°024 0°034 1 4
Lo | 046 ! 07290 | 0°52 | 0032 0034 | 0°17 | 008 | ©°18 0-02
M; | 042 029 ! o051 | 0-026! 0035} 017 | 008 | 017 0-02
M,s | 045 l 0-52 [ 0024 | 0°034 | :
3 As—o 0°47 ° 0°30 | -0°54 | 0-031 | 0°040 ! .
Miz-ys | 0°50 | 085 ] 0029 | 0°038 |
Mg | 0°55 1 035 | 0°56 , 0°035 07042, 0°17 : 008 | 018 0°02
{ ‘ i : '
. | ™
N, | 0-a8 | 027 | o054 | 0029 0035 017 | 008 | 018 - 0-02 |
4 N,s | 0'51 | 030 | 0-55 | 0°034| 0-039 : | |
. Ng-o 0°56 | 0°56 | 07036 : 0°045 ‘ o i
N2 l 061 | 034 | 0-58" | 0:039 | 0-051 | 0°17 009" | o0-18 | o002 |
0, 0-52 | 0°54 | 0+033| o040 o0°16 | 008 | 018 | 0-02
5 O, s 066 | . 0°57 | 0-040 | 0-055 o :
Os 068 | 0°30 ' 0°57 0043 | 07088 | 0717 | 0°09 | 0°17 1 0702 |
5 | S
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Ex. 3. 140t ingot
— , :
(Ladle) 0°29 0+31 | 0°50 | 0-014 | 0°022 | 325 0.09 i‘ 007 [ 0°42 010
N ___7: X - N . H N
| Algy 029 | 032 0°50 l o-o15| 0°025 | 3+26 009 | 0°06 | 0°44 = 0+14
i Alss 029 032 0-49 | 0016 : 07024 ! ' : : ‘
; A'y_y | 0°29 | 032 | 0°51 | 0-016| 0-024 | | ‘
Alypyg . 0°31 0°32  0°50 : 0°+017 | 0°024 ‘ ! !
A'ig17 | 0°30 | 0°32 | 0°50 | 0-016 | 0+024 . . | P
; 20-21 | 0730 0°32 | 0749 | 0°015; 07024 | 328 , 0709 ! i 045 0°14
i } 4 H H |
» 1
| Booy 0°30 0°32 0449 | 0-0i5 ! 0027 ! 326 0:09 | | 0e43 0°13
B'ly_s 030 | 0-32 | 0749 | 0°015 | 0+027 |
10 B's_g 032 ! 0-32 0°50 0°016 ] 0°027 | *
Blis 13 0-32 l 0+32 0°*50 0+015 0027 ‘ 1
“e-1z | 0732 . 0732 0°50 0°019 | 0°027 | 3°30 | 0°+09 0°46 0°14
- 1 i J
Clooy 0°37 0°34 049 0°017 | 0-027
13 Clis 0°40 0°34 0°52 0°019 | 0°027
: C's79 0°44 034 0°52 0°019 | 0°027 | : ,
Cliz—1s | 043 034 0:51 [ 0019 | 0°027 | 3°30 0°09 | 0°50 0°14
Doy 0°43 | 0°34 | 050 0018 l 0°029 | 3°28 | 009 |
" 15 D'y-s 044 | 0°35 0°53 07019 { 0°+032 1 !
D's_p 0°45 035 | 0°53 0°020 | 0°035 | 330 | 0708 |
E'o-1 0+43 0431 0°50 ] 07020 | 0°030 | 3°30 0°09
17 E'4-s 0°53 035 0°53 | 0+024 | 0°035
E's-9 0°54 0°35 0°55 | 0°+024 | 0°038 | 3°33 0°09 0°06 053 0°13
3) #Om.L IR 2 mITA Fig. 8 OlifiAB®
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. TELTHD T LIFEAMDEIETSD 359, Li4icE
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Fig. 5. Analyses of melt adhered to the test
bars; samples taken at several points along
their axis. (ingot: 47t)
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samples taken at several points along their
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THE RELATION BETWEEN THE SAND MARKS AND THE
NON-METALLIC INCLUSIONS OF BEARING STEEL

The study of non-metallic inclusions—III

Masao Kawai and Hiroshi Kimura

Synopsis:

In the third report, the authors studied the relation between the sand marks of steel rods
corresponding to the shrinkage head of an ingot and that of the ingot itself, and also the
relation between the sand mark and non-metallic inclusions, which was extracted by chem-
ically. The sand mark was examined microscopically.

The results were briefly summarized as follows:

(1) The number of sand marks, large and small, of steel rod, which was prepared from
the shrinkage head of the ingot, is numerous, but the number of sand marks of a normal
steel rod,which was rolled from the ingot itself, was small.
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