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ON THE BRICK INCLUSION TESTS BY USING A CoO TRACER

Katusige INagami, Minoru Koya, Susumu Katube

Synopsis:

The brick inclusions that presented in the 450kg ingots (killed, bottom pouring) are occur-

red by the erosion and fusion of the casting refractories.

In this test, the authors investigated

the degree of the brick inclusions occurred by the mozzle, the trumpet and the main runner

bricks by use of a CoO tracer (not radio active).

These three parts were considered the most

important bricks concerning the brick inclusions from the previous several mvestlgatmns

The results were as follows:

(1) Assuming that scums occurred by erosion and fusion are mixed uniformly and float
throughly in the mold, the floatability of these scums caused by nozzle, trumpet and main

runner bricks during casting is indicated by the proportion 17:1:2 respectively.

Calculated - -

in terms of the unit length of these refractories, the floatability of scums correspond to the
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proportion 3*6:1°4:1 respctively.

(2) The proportion of the amount of scums which would not float is 1:110:39 respectively.
These scums should be the cause of the brick inclusions.

With a view to decrease the brick inclusions in ingots, therefore, it will be advisable to
improve mainly the quality of the trumpet bricks and the main runner bricks.
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' Table 1. Ladle analysis and casting condition. v
. Pouring velocity mm/mn
Tapping >
ch;i\cx)'ge fo Si Mn P s temp. 7 (1~4 bottom plates
’ °C No.1 | No.2 | No. 3 | No. 4
1191 012 0-08 0+47 0074 0040 1630 304 — — —
1608 0°10 0-08 0-47 0075 0038 1626 295 225 178 238 -
1616 011 006 047 0061 | 0033 16}6 235 236 . 225 —
5471 0°12 006 0-44 0+087 0-048 1617 298 276 234 240
5485 .1 0-12 0-05 0+37 0067 0043 1645 295 294 295 295
5499 0°12 006 038 0*070'| 0°042 1628 287 304 253 366
5512 0-09 006 0+36 0+077 0+043 1617 295 299 275 352
5525 012 0-07 045 0+085 0°040 1650 287 276 240 236
Table 2. Chemical composition.
Refractoriness Porosity Absorption Apparent Compressive strength
sk Y % density kg /cm?
32 149 6°0 2-88 690
Table 3. Nozzle erosion and its percent.
charge No. | Before use (g) l After use (g) | Weight loss(g) _ Percent
1191 9840 8980 860 87
1 st test 1608 9855 9355 500 6°1
1611 9840 9380 460 46
5471 9790 9410 380 3°8
2nd test 5485 9770 9060 710 73 -
nd tes 5499 9815 8795 1020 10°4
5512 9780 8940 840 . 8*6
5525 9785 8900 885 90
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Table 4. Chemical composition of scums and nozzles.
i . . .
Bottom Floating substance during pouring
lat
charge plate lumps fines
No. S . —_
Co0O Al,O4 Si0; | T.FeO CoO | AlO; Si0; | T.FeO
| 1191 'No. 1+No.2 032 24°90 | 58-1Q 1 500 0*34 58°20 1 15°60 | 950
1st test | 1608 'No.1+No.2| 0°38 19°30 | 54*40 , 3+05 0°38 30°50 | 17°43| 370
| 1616  No.1+No.2; 022 — - i — | 024 — — —
5417 No. 1 0°08 4512 | 38*16 | 4°00 0°10 54:21 | 22+36| 10°77
No. 2 0+09 41°32 | 38*20 | 4-65 0+07 22°84 | 46°78 7°96
No. 3 0-06 44+82 | 46°71 | 3-58 0°06 — — —
No. 4 008 4090 | 46°21 | 4°00 0°03 — — —
5485 No. 1 007 37°18 | 34°56 7°45 1 0°06 31°77 | 44-04 9+12
No. 2 011 2828 | 50°68 | 21°38 | 0°08 22°18 | 50-22 | 1168
5 nd test No. 3 005 30°00 { 48+42 591 | 0°08 2390 | 4846 | 11°41
N No. 4 0°16 27°28 | 44°50 | 10°88 | 0°08 19°84 | 54-20 810
5499 No. 1 017 33°81 | 44°20| 3+6! 0°06 3808 | 28-28 5 11°02
No. 2 0-08 32°70 | 39+69 | 7-37 0°06 — —
No. 3 0°05 19°54 | 4936 | 7+74 0°06 2232 | 39-38 | 12-24
No. 4 0°06 3466 | 4900 | 3°-84 0°05 26°88 | 48°90 668
5512 No. 1 0°08 2510 | 53°80 *30 0°14 29°88 | 34<44 | 11413
No. 2 0°10 31°58 | 37+62 | 4-12 0:06 — — —
No. 3 0°13 — — — — — — —
No. 4 0°13 15°63 | 70*70 | 4-00 — — — —
5525 No. 1 007 37°72 | 41°70 | 5°33 011 46°10 | 42°72 | 11-50
No. 2 0°14 37°4 36°1 4-46 0-07 29+39 | 3%9+88 | 10-00
No. 3 0-09 28°75 | 33-88 | 12+39 010 36°94 | 37+42 | 1026
No. 4 .
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Table 4. Continued

. Substances attached to ingot surface
Charge B Nozzle bricks
No. ottom
plates - lumps fines
CoO |Al,0; | Si0O; | T.FeO| CoO AIZO; SiQ; | T.FeO| CoO |Al,05| Si0Q, | T.FeO
st 1191 |No.1+4+No.2 0°39 | 51°50| 1550, 12°20] — — — — | 2+67 | 40-28] 54°50| 2-50
test | 1608 |No.1+No.2l 0°20 | — — — o9 — — — | 2+98 | 41°28] 53-24] 1-50
" | 1616 |No.1+No.2 019} — — — |o19| — — — | 2067 — — —
5417 No. ! | 006 | 26°68| 56°50] 3°20 | 0706 | 37°14] 37°86| 6°35 | 107 | 3845 53*70| 2°48
No. 2 | 005 30%2 | 58°5 | 5°00 | 007 | 36°40| 38°31| 3°14 . ~
No.3 |006| — — —_ | = — —_ —_
No.4 |007| — — — | 006 | — — —_
5485 No. 1 |0°01 | 2540, 35°10| 6°99 | 0°09 | 54°21] 27-38| 7°99 0°91 | 39-07| 52°50|-4°52
No. 2 | 014 | 43-08| 43+21 4°24 | 0°10 | 17°73| 48°32 13°07
> nd No. 3 | 0°08 | 35°00| 56°50 4°00 | 0°05 | 26°75| 57°02 5°43
tost No. 4 | 0°08 | 3054 56752 4°00 | 0°07 | — | — | —
5499 No. 1 | 0°20 | 33-66| 49°08| 4°89 | 018 | 30°14{ 47-41] 920 | 100 | 36°78| 57-60| 2°19
: No.2 | 0°11 { 33-08 48-00] 5°11 | 0*10 | 23°53| 47°96| 9°99 | . .
No.3 |0°10 | 33°62 54°04/ 300 | — —_ ] — —
No. 4 — — — — — — — —
5512 No. 1 | 0-11 | 32°42| 49°20| 4-00| 0°16 |.27°64| 59-12| 6°24 | 094 | 35°11] 56°24| 306
No..2 | 0°13 | 31°00| 48-42 12-42| 008 | — — — - A
No. 3 | 0°07 | 28-54| 5586/ 4°-00| 0-05 | — —
No. 4 | 0°04 | 2848] 53*40, 4-00| 0°05 | 27°90| 57°16| 537
5525 No.1 |0409| 2678 45-86] 4-38] 0°07 | — | — | — |0-93] 3451 57-84] 3-04
No. 2 | 006 | 38-56| 38+56| 10746 — — —_ —
No: 3 | 0408 | 30°08| 52:08| 6°32 007 | — | — | — .
No. 4 |0-07 | 32-18| 44°20| 4°80 0707 | — | — —
Table 5. Casting conditions.
Charge Ladle analysis T?pping Poluri.ng
No. ' %mp. velocity
C Si Mn P : S °C . . mm/mn .
6137 0011 0°+09 048 0080 '0°042 " 1630 .- 315
1.st test - 6150 0*11 - 0+06 0*42 | 0°068 0°048 | -...1616.  Jn ...299. ...
‘ 6178 011 0°05 -~ 044 0062 0°045 1608 277
. . 6189 0°10 0°07 044 | 07074 0037 | 1623 - 299
2nd test 6192 0°11 - 0°08 046 | 07078 |. 07040 - 1635 299
6491 -~ 0°10 008 044 0°063 0030 © 1620 299
SEFCHBHETH D, 1 SRR S EATS (1) B CoO #BAL 84 (Table s (a))
DOBEXFELFHERIX Table 7 05 L TH 5. TR 1F¥— /é';br‘ﬁﬂéi 706 % 1+ 85/0’17—
7683 g
Y. # 0 o
) (2) ?_T—_)k io;:UAfmmL CoO f(._»ym)\z,f_tgA
UEDRKRCDETE, UTETOERLMACRS. Table 8 (b) T
Y%Diﬁﬁ,. ElgiﬁE%lU‘BfﬁﬁdD%ﬁ’b%h@gﬂgﬁﬁ ZhX @ﬁﬁ% o X8 IH‘E%& 3067 X0 76/0 07-
BWTADALRD Co0% I XUHMEIC/NNT v 035  33299g
o8, BE SEMED D EC—[STETEXL L L L+ (3) 1rLBJc;FEL CoO Q(mjkbf-igA (Table8
. LEBOTE LN — 7’0313{2&2:1731\4:@ CoO% (c)
X OWEE Ebi')%@;‘y B : THX DRI o % l’“mﬂzéa—snxo 91/0 05—

— 25 —



1370 &% & marE £ 125

Table 6. Chemical composition of scums and B bricks.

I

charge Floating substance during pouring Substance attached to ingot surface
No. | CoO | ALO, | SiO, | T.FeO| CoO | ALO; | Si0; | T.FeO
o137 " lumps 0-06. 387 452 ' se7 | o006 374 423 9+71
i fines 0-07 56°2 198 | 15°70 0°06 39+0 38+3 989
i
o150 | lumps 007 40°2 36°6 5-01 006 | 4673 | 36°1 8°06
! fines 0°13 35°2 23°5 15724 0-03 52°5 . 20°9 17+95
6178 lumps 0+05 35°8 41+8 7+08 0°10 396 37°0 9+15
fines 0+05 47+2 29-0 1209 0-08 42+6 29°2 17+21
6189 lumps 0-07 41°8 25°1 8+72 0-03 49+8 36°9 7°09
fines 0°02 48°6 17°3 13+47 0+03 58+6 22°3 “9464
6192 lumps 0+05 3674 357 | 1111 0-07 37°1 44+0 9+37
fines 0°04- 43+4 136 21°89 0°04 38°1 19°9 17+11
6491 lumps 006 32°78 42°60 12732 0°07 36°78 | 40796 822
fines 0-04 4049 36°88 13°59 0°05 35°11 43°00 | 13+43
charge A or B bricks | Trumpet
NO. - L1 L2 LS L4 L5 LG
CoO | AL:Os | Si0: | T.FeO | —5 ToO Co0 Co0 Co0 | CoO
n \
6137 gﬁggs 0°55 | 28+92| 61°44 | 496 | 0°58 | 058 | 0°62 | 054 | 0°62 | 046
lumps A
6150 ﬁneg 0°72 | 27°23 | e4*82| 3°01 | 0'86 | 0°78 | 075 | 067 | 0°79 | 0°91
lumps A v '
6178 finoa 0°53 | 26774 | 5533 | 7°19 1*18 | 1°20 | 1+40 | 0'80 | 077 | 075
: lumps B
6189 foos 080 | 28°91 | 57°83| 6°53
. lumps B
6192 fnol® | 1718 | 25'53 | 64700 | 8°05
B ‘ i
6491 }i“n“gs 075 | 30°68 | 6540 | 1°63 |
i
Table 7. Weight loss of trumpét and A & B bricks after use.
. Total
Ch. No.|A (g)|B (2)|L: (8)|Lz (£)|Ls (&) L4 (£)ILs (2)|Ls (2)] (55
Trumpet 6137 95 375 430 300 335 285 150 1960
t tp 6150 90 400 450 310 145 110 130 1635
es 6178 90 2350 | 1130 910 700 295 120 | 5595
. 6189 770 770
tB ?mk 6192 775 | 775
es 6491 250 ‘ 250
10465 g L7 TRX
DLoERE X VBEEERIENLVDERE LR, T (b) MHBEEADREWMBENICADOTELEL, 5
DFEAS>EOHREGOTILE L ZED TRK. Tikb WISERAE T & U TABRRL DD LT 5.
L, ' LD ODEMDR, —D%iHRET 5 LKL

(2) CoO AftOWHTIXBML H—ITRETHLD  BIF CoO NFUAXVBHMEEZENT 5 LIIWEE
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Table 8. (a)

Initial | Weight CoO
!Ch‘ No. CoO (%)| loss (g)| aver.(%)
et 1191 267 860 0:35
tsst 1608 298 . 500 0°28
1616 267 455 021
5471 094 380 0+08
2 nd- 5485 1+00 710 011
tost 5499 0°91 1020 0°15
L 5512 1°07 840 012
% 5525 0+93 885 0-09
Aver. ' 1*85 706 017
Table 8. (b)
Initial CaO |Weight loss| CaO aver.
Ch. No. |
h. No (%) (2) (%)
6137 0°57 1960 006
6150 0°78 1635 ©0°07
6178 0°95 5595 007
aver. . 076 3067 - 0+07
Table 8. (c)
Initial CoO[Weight loss| CoO aver.
Ch. No.
© (%) () (%)
6189 0°80 775 004
6192 1°80 700 005
6491 0°75 | - 250 - 006
aver. 0°91 575 0°05
Th5.
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LENGTH CHANGES AND TOUGHNESS
ON QUENCHING, AGING AND TEMPERING

(Hot-Bath Quenching of a Low W-Cr Tool Steel (SKS 2)
' in Low Temperature Range—II)

Synopsis:

Itsure 1atsukawa

In this article, .using cylindrical specimens of a 1°09% C-1'0% Cr-1-49% W tool steel, length
changes on hot-bath quenching under certain conditions at temperatures both above and
below its Ms point (162°C), subsequent aging at room temperature and tempering were mea-
sured. Their intensity of magnetization, hardness and toughness in statical bending test
were also measured, being compared with those in the case of oil quenching and tempering.
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