BRI

)1 ey S Bk 7
KAWASAKI STEEL GIHO
Vol.2 (1970) No.3

SR FHHILN O B3 AT IR B3 2 52

Studies on the Reductions of Solute Segregation in Steel Ingots
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Synopsis :

Casting methods were investigated in order to reduce the solute segregation in steel
ingots cast into iron molds. First, a method for estimating optimum hot top ratio for a
given mold was studied, and reliable equations were given for exothermic hot top ratios
and thermo-insulating hot top ratios, respectively. As a result of some experiments in
practical scale conducted to investigate the scraping method which had been reported to
be useful for reducing the segregation in steel ingots, the author came to the conclusion
that the scraping method could not be effective for reducing segregation without
suppressing the horizontal solidification from the mold wall. Lastly, a new method was
devised, in which some coolant such as air or water was introduced directly into the
air-gap in order to increase the solidifying rate of steel ingot effectively. The
experimental results show that solute segregations were remarkably reduced by this

method.

(c)JFE Steel Corporation, 2003
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Studies on the Reductions of Solute Segregation in Steel Ingots
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Kyoji Nakanishi

Synopsis :

Casting methods wers investigated in order ‘o raduce the solute segregation in steel ingots cast
into irca molds. First, a method for estimating optimum hel top ratic for a given mold was studied, and
rzlizble equations were given for exotharmic hot top ratios and thormo-insulsting hot top ratios,
respectively.

Az a rezult ol some cxporiments in practical scale conducted to investigate the scraping method which
had been reported to be useful for reducing the ssgreqation in steel ingots, the author came to the
conclusion that the scraping method could not be effective for reducing segregation without suppressing
the horizontal sclidification from the mold wall.

Lastly, a new method was devised, in which some coolant such as air or waler was introduced directly
into the air-gap in order to increase the solidifying rate of steel ingot effectively. The experimental

resulls show that solute segregations were remarkably reduced by this method.
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Table T Hot top ratios in use at Chiba Works

Mold DXP DR eva o= g Lo Hot lop ‘ Vil Vi | K K: | Ky iw/ Vo E'I'y])(:*”’
B1-A 575 7631 601 0 ey o073 vses loaor 10 9 | oom zas | ool ozsel 027 3 oc)
. L0010 ' ' I o
T0208 0 12 ‘ ; : : b
TI-A ST1wm2 | TIT[0.629 117 | 0787 0.208 10 | 011§ 195 | 0.206 0.216  0.117 |
0.293 10 ! : "
0.208 110 i
L0295 9.2 | . #
9t st | osea oS Ler| o7 o] 8 b oooss 1w o 208 0.182 0,105 | o
3 0.2000 815 | : ‘ [
‘ 0.296  9.95 | : ‘ Lo
. 0.294 9.6 | "
' 0.2010 9.6 | rr
! : 0.3100 13 | } (2)
IGA 58I 1360 | BB1 0.527 143 0633 | 0.264 9.5 0.105 | 170 | 0,188 0,179 0.102 | (1)
16t 664 1229 | 902 0603 124, 0.735  0.278% 9.0 | C.107 | 181 |0.208 0.178 0.102 |
9C-E 635 1718 | 1043 0494 153 | 0754 0.256 9.5 | 0105 | 2020183 0.212 0.116 |
22t 831 1517 | 1123 [0.633 1.24 0.74 ' 0.346 m.z 0.107 | .76 : 0.269 0. 188 0104 "
| 0300 1.7 "
23 TEEOLTST | 1160 [0.515 141 0655 | 0313 10.0 0.107 | 167 0.238 0179 @100 w
' 0.308 0.2 } 1 “
1009 1009 11109 | 005 ¢ 100|059 1235 ¢ 0.42 02,10 0.5350.300, 0.142 |
462 452 ' 462 [0.866 0. 995 1.00 243 188 L .20 i 216 0,200 0436 0.208 | (2)
319 589 ATIOTIE L2z 0.802 | 0090 138§ GIe0 | L70 | 0.179 0272 ooz | o
83677 509 0.720 122 0752 100193 124 | 0142 166 0.170[ 0.236  0.127 |
| 68 881 6810634 G934 100 0427 165 | 0.19 2141 0.573 0424 0193 |
| 852 852 eszfo.s2s 0928 L0 056 14 {0160 216! 04880355, 0.189 | w

¥ Present values *¥*¥* (13 Exothermic

** Values from the regression line (25 Therme-insulating

Table 2 T'artial regression coefficients in eq. (11) determined with values in Table 1

Including (@ | 433
Ioth (&) and (b) Exothermic type | Thermeo-insulating type
“ ‘ 0.414 0.213 | 0.376
E | —0.9274 | 0. 1110 | —0. 0403
r ‘ 0. 0336 0. 0388 \ 0. 0541
" Toial variance | e o4 10en N .
. dedution_ | L deedes o el
Variance i 105104 8,085 1075 | 9,243 105
) " Confidence ’ - ' oo - -
. coefficient | U.932 o078 0. 946
Table 2 & 0 568 ;50 b B 550 h [< 50 L #- L2 , ,
)] _)f,.n)) )K“, Iy el J‘\ o bi |t VoV - —0. 0_.103[;'“21)1, 40051 a0
a0kt T A, T e s R N 000, 376Ca, Fa) e aya,
Z‘)" . SR L T g I e e 7 TH S S MRt Ty
. i EL L n M T B SR 3 2 B F AL L o) 2y
AR L7 T s R Aot e
. . DA H Y 28 F St — 43 i3, ekt L
Vv O Mlewh/H+0.0388 e LT _
T 000, 2130a + a)e ma, TaL A B DR R BRI o T OB T
AR WA Aeluh b, Fok R QUAOF S ED G B LT
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Table 3 Typical examples of melds in use in Japan with exothermic hot tops
Ingot Mold | [ngot dunonsmns Bottg;nhgérr[lgg:mns }ngo}t‘ .
: R L height
weight | e Tk Wdn | Thidess | W ) Ty
15 (1 sr v{}?é’t 503 673 420 610 1480
06 | w1 450 1088 395 825 1360
5.3 P | 4us 753 600 655 1445
5.4 " o 580 00 440 770 1465
6.7 " w450 1260 420 1230 1693
9. o o ’ 535 1420 510 1380 1750
46.5 p P 920 2700 740 1140 1950
a g " {i‘l’(‘ltu"‘ I 955 206 015 1440
4.9 ” I 586 714 551 676 . 1360
41 " P 380 1015 260 000 1 1560
16 " 12 372 1108 238 1045 1440
7.8 " " 770 B30 636 720 1150
4.5 " p 407 1270 273 1257 1440
14.7 " ” 880 0 1183 | 685 1090 1840
13.7 " # 880 i 193 68D 1030 1843
4.4 2 " 649 1700 495 1548 1500
16.9 # o 727 1281 649 1215 2200
179 | o y 873 1428 735 1296 1500
16.9 # # 745 1700 592 1548 1500
184 p p 745 11700 665 1585 1820
19.6 p " 855 1755 610 1550 1830
6.0 ” " 575 743 155 643 1910
7.2 p 571 922 451 g2 | 1950
849 L ow % 58I 111 461 991 | 1930
w1 " 664 1229 544 119 2390
18.6 p " 635 1718 515 1598 2450
1.8 " " 831 1517 711 1397 2430
22.9 N 753 1757 633 1637 2440
2.9 cay o Ton 556 556 468 168 1330
4.3 " ” 603 805 620 G20 1390
a6 0 ow e 520 520 545 535 1538
43 2y o Lom | o8 618 572 572 1470
3.7 " » 512 612 560 560 1220
56 1w " 703 703 720 7200 0 IM02
R " 560 560 480 480 i 1530
4.6 1 vl 603 603 635 635 | 1370
14.0 1 w1009 1609 939 459 1840
4.2 i Botom 555 ‘ 555 1 436 456 2150
1.2 RS 584 1369 46s 1249 | 2300
*  Without hot tops *** (1) Rectangular

** From the regression line
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Table 4 Typical examples of molds in use in Japan with {hermo insulating hot tops
,,,i“,gm ‘ Mold | Ingot dimensions ‘ ?{olﬁr:‘mt')I;‘1’11181151()ns ! Ingrol Present Caled.
' - } . . height* : hal
il | Iy Thickness i Width Thuekness I Width | ((l:f;:') | E'Ut[i(;((‘:;') ::[i“t:f)
) “felgrnr | e JoGmmd D (mm) 1 (mm) {mm} ‘ Mmoo ra oL )
7.7 C1 e fz‘i‘(‘]'tf”“ | 668 oo ol 835 1605 ' o1me ' 12w
9.4 i ' " 666 1070 600 1012 ‘ 1610 i 1.2 ! 11.4
9.9 ” " 625 : 1130 568 1085 17495 ‘ 2.2 11.8
12.5 " i 848 i 13490 583 1316 i 1825 4.8 10.2
12,6 " 2 758 ! 1043 488 ! 485 i 1960 12.9 12,9
15.1 ’” " 7h 1340 700 ‘ 1283 18106 0.4 ‘ 0.8
i7.0 M " ‘ T 1720 625 1667 1785 i 1.1 101
15.0 " " i 785 1720 70 ‘ 1667 1795 ! 1.1 w7
3.5 " \i?(lll 379 5898 366 576 2000 138 | 129
40 P 383 677 B/6 620 2000 a1
3.2 (2) o e 182 400 ‘ 460 o 168 17.2
5.7 " 1 684 684 638 638 1601} . 15.9 18.2
4.8 " " 852 852 790 790 1500 | 14,1 4.5
5.4 " i‘;ég"“ 602 602 548 548 1730 12.0 13.7
21.3 [@D] " B7hH 1720 800 ]667 ITQJ 11.3 6.7
* W:thout hot tops Hork (1 Rectdnguldr
E
**  From the regression line 2} Square
Table 5 TPartial regression coefficients in eq. (11} determined with values in Tables 3
and 4, respectively
[ Exothermic type ‘ Thermo-insulaling type
- | 41 | 15
« | 0. 382 ‘ 0.31
8 f 0.011 | —0.033
v ‘ 0.025 : 0. 065
T UIatérval T ) o I n e - )
of oo p : 0.085 | 0.053
_ Confidence | A | T s
Variance 0. 00014 1 0. 500072
confidence coefficient 0. 784 | 0. 944
. - : srgmﬁmnce mgmflmnce
corelation Ky and K, ‘ 0. 835( 1 ) ‘ 0. 968 (of 12 )
. :,u,ml'lgancc no f;lgmfk i
coefficient Ky and K, 0, '560( 1as "oy —0.129( 10 signiflc 2% )
KTy B, SR AT DAL BTN T,
VoV, = . 0.0110a,a:D/ H+0. (250 a5 AT LT, BB OIS BT & DL BB A
n 11— Y B ] . or st . -
1.00-0.382(a+a.)¢/awa ST A EAPBS L 20545 X O B IE T 5 b
—HEAT L2 F O L 7 5, AN SRRy o
Vi)V, = —0. 0?30(11(1,])/[]+0 0650 G
T

1.00-0. Ma,+a)dfaa,
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Fig 2 Mild steel scraper
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Table 6§ Experimental conditions for scraping

_ Starting time
| for scraping

| 'I ime interve 1]

Ingot [ from leeming | for scraping
| end (min) (min)
1430(1 A | —
1450(3 B | 20 ! B
28605-13 | 15 ‘ 6

Temp. in mold |

Scraping Ladie analysis

period at iceming end ! _ (%XIOJ)_ .
{sec/oycle) % ¢l silMalr |8
- T s | 10‘21|4;ﬁ”|2ﬂ;7
5 s | '10 21T 137
5 L 1w I ! 52 0.8 23
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(a) 14300—A  (b) 14300 B
standard scraped

(cy 28605-B
scraped
Photo.1 Comparisons of macro structure
between the scraped and the standard

1 tg (Xil,,
ingots 200

fa) 14300—A (b) 14300—B (&) 28605—R
standard scraped Scraped

Photo,2 Comparisens of sulphur print
between the scraped and the standard

ingots (x 63
£ 1000

Vo RO A R DT TR A S,
TR A 7 v A SRR 2 A ks L U RS
HOUARRE L0, Fhb 0404 Table
6 [Zasl7o, Table 6 o & TS AT ¥ D -
DO TH D, T BIEA 7 v A 7 Ui

8

July 1970

T n.12)-
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Fig. 3 Chemical analysis of C, S and P ulong
lines shown in Fig 6 {(a) for szraped ingot
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