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The Study on the Erosion of Pouring Refractories

By Jumpei Watanabe and Masuo Kadose
Hitachi Works, Hitachi, Ltd.

Abstract

It is a recognized fact that nonmetallic inclusions in steel come from two
principal sources. One is the chemical reactions in the furnace, or in subsequent
deoxidation, resulting in slag which does not free itself from the metal. The other
source is erosion of the pouring refractories, such as lining brick, stoppers, nozzles
and mortars, producing entrapped particles of nonmetallic origin.

The study disclosed herein is on the erosion which, so far as the basic electric-
melted steel is concerned, is regarded as the primary source of nonmetallics. In
the study, resistance of the lining and sleeve bricks against erosion by the molten
steel and slag was first examined. ‘‘Roseki’’ chamotto and high alumina bricks
were used for lining in the experiment; The ladle was lined with two kinds of
them in half, and each half was further lined with the same chamotto brick.
These stoppers which were assembled by graphite, high alumina and chamotto
sleeves were set in one ladle.

Molten steel containing 0.20 to 0.5% carbon was tapped from 10t basic electric
arc furnace. Measuring of erosion difference between two kinds of lining bricks at
the front, back and one side, led to the conclusion that ‘‘roseki’ brick was most
suitable for lining. As regards the resistance of sleeve bricks against erosion, it
was observed that the one made of graphite was most excellent.

Erosion mechanism of the pouring refractories has recently been explained by
the interaction between chemical composition of them and molten steel or slag.

On the basis of the result of this research, the writers conclude that it is
essential that the influence of chemical composition and physical properties should

be studied in the course of actual operation of the furnace.
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Table 1. Chemical Composition of the
Ladle and Sleeve Bricks
=4 L ARE t % R 4 (%)
] B |t & | Si0s Alan FegOg| Ca0 - MgO

o
.58 |
.50
.45 |
41 |
.93 |

.06

¥ B " Stk | 76.30 | 20.79
YYeYEA Si# | 58.38 | 38.23
y¥ =Y BB K# | 52.23 | 44.50 |
ST I FEA Mi: | 34.51 | 62.61 ‘
w7 vIFEB Otk 40.29 57.64
Y¥E=YrEC N# | 61.70 | 33.70
®oen B* | N#: | 58.22 | 28.19 | 3.27
HETAIFE | TH | 48.60  46.71 41
Y=Y FE | St | 60.26 34.13 | 4.69 .24

* HBh 9.26%
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Table 2. Chemical Composition of the
Mortar
T UYL GRS fE & & iy (/ )

i B &%) & | sio, Aleg Fe20; Ca0 MgO

.14
.08

W H ¥ | Sk 6.20 7124 21.73 | 0.64 | 0.05
Sy ey FEA | Sk | 4.45 | 55.34 | 37.44 | 1.70 | 0.40
¥ =Y @B Ki: 3.01  53.81 30.44 2.16 | 0.42
E7 A FEA ME | 9.08 | 41.17  47.53 | 1.74  0.23
G703 FEB Otk 6.42 | 33.32 57.92 1.97  0.19
¥ =Y EC N#:  8.55 | 55.84 | 33.15 1.23 |0.54§
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Table 3. Physical Property of the Ladle and Sleeve Bricks

| i H 58] i3 ]
R BR OB B OH & | ' : 7 g by | T e P
2 it T I I (%) (%) (9’) (kg/cm?) (SK)
i pe & 2.579 2.555 | 2.040 20.14 | 9.87 | 20.90 227 28
s ¥ &= v F EA 2.702 2.575 | 2.166 1580 7 S {0 1888 340 33
Y ¥ « Y F W B | 2.798 2.722 2.187 19.64 |  8.99 21.80 | 93 | 32+
=5 07 v 3 F+ WA | 3.06 3. 034 2.216 26.96 12.17 27.86 279 33
= 7 A 3 % B 2.908 2.847 2.151 24.43 11.36 26.02 419 36
Y ¥ = ¥ F BC 2.646 2.462 | 1.931 21.56 1117 27.00 412 28+
i o0 1 2.525 2.52 1.91 24.30 12.73 24. 40 < (N 30
= 7 o 3 F & 2.815 2.79 2.07 25.77 | 12.46 26.50 225 | 33+
R R 2,650 2.63 1.96 25.49 13.03 26.19 355 31
04 £ BN o R E o k2K S
Table 4. Chemical Compositions of Steel
Poured Into the Ladle
!, '| ‘ I
3 IO | I pe— t % ® 2 (%
B RBEE |y W w i -
NIFy |+ (&) ‘ 1] - . |
i — ¥ R O C Si Mn P | S
— S . | ] ;
| D-3487 | 0.45 0.31  0.69 0.0150.010
. i | | | |
4 i , ‘ 3480 | 0.21| 0.35 0.56 0.013]0.010
1w B w4 | o T
- A 3493‘ .31 | 0.23‘ 0.56 | 0.012 | 0.008
| 3496 0.38 0.3¢ 0.63 0.0110.009
| | | |
| | D 3504 0.17 0.3 0.52| 0.013 0.016
Y EVHFE I '
92 | A |3 3506 0.46 0.37 0.64 0.016 0.012
[l | -3508 0.53 0.31 0.65| 0.015 0.018
5 D-3513 | 0.32] 0.31| 0.58]0.015|0.012
2 3515 | 0.21| 0.31| 0.57| 0.0150.012
A ; P
3 o 5 | -3519| 0.55| 0.20| 0.75| 0.017]0.012
= o i | 3521 | 0.53| 0.30| 0.65| 0.015|0.009
- ML = < | 3524 | 0.47| 0.30| 0.65]| 0.015|0.008
2N ok X K # o B R AL = A | L SRR
. ‘ * ey i Aty D'3527 0.5'6 0.30 {].65 0-015 0-010
Fig.2. Relative Position of Ladle and AR = & IS | 7 |
i |* + 3 | -3531 0.55 0.37| 0.61 0.011|0.010
Furnace A | | ,
1] 3533 0.54 0.35| 0.59 0.0150.010
i’ — ; o - 1 — - R -
(7)) AV —Z B ORI N AL & 22Kk D-3543 | 0.52| 0.39| 0.59| 0.014 | 0.010
= ) i A 7 I o e ™ oy ¢ o J-I- i rf} = s _‘ - &
L T e b ORI ik 3 oM E D ot B 3545 | 0.53| 0.28| 0.60| 0.016|0.008
y A TAHE U YR T D L 5 | % B“ =l 5 3547 | 0.54| 0.35| 0.54| 0.0150.010
A Y — 7% RN E Utndills L OEEES=iET 3 o £ ) . 3549 | 0.57| 0.30| 0.60| 0.017 | 0.007
C 4 [ ORERAY o7, el o Hl 3 Iz OB & | 3551 | 0.24| 0.37| 0.57|0.0130.010
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s F F e

4 [nlfE % @ 5y A ds X o8 ROAHE o (2 adetk g
AEH~>+E . PEC)
Sketch shows the Front and Back

Sides Struck by the Molten Steel after
4 Pourings (Roseki~Chamotto C)

%4 X

Fig.4.

%BE{];’)\M‘J/ ¥ £ v

i:ié%ﬁﬁ@:&fﬁﬂgh,$waNa5 L

-_rr_f'?’?’gﬂ_!)a i g7 dEI L Tu B
(33h“ﬂ%ﬂ%?v%vbﬁﬁ~&v%wr£Cﬁ

\ EC 7> No. 2 e S P e :!\!‘-_!;_i:;I_
. No. 6

v ¥
LLo féufﬂ;i‘]? ¥ oy E

[

,
§
=i LI
a0 U OO {p

%
A

F

=5 WA~y +vE L FEHC 1A% Y%Y 0
Comparative Graph showing the
Degree of Erosion between Roseki
and Chamotto C Bricks in Front

and Back Sides (Average Erosion
Volume of Each Brick No. 1~No. 6)

Fig. 5.

& 6 [} [_ﬂlf?ii 1oy vE® 9 PEHABIVY 4
9 KCzhéimww—ﬁ'
“1¢.6. Erosion Difference of Ladle Lining

at the Front Side between Chamotto
A and C Bricks after 3 Pourings

A IO AR L8 9 BT
}—‘{ISJ)}_}‘U @j'}”&f‘hrﬁ){kfﬂf}‘, L‘J: jl -

O [Hj{#F DS

J
.‘-._.

RV =

II S L |,

'|rq'

— 108 ——

L IR

P EC X



B -
e T 3 Ao Sis X o ARl o 13 fleik i
(vy® 9 PVEA~y vE 5 FHC)
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3 Pourings (Chamotto A~Chamotto C)
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Table 5. Comparison of Erosion Volume
of the Ladle Bricks per Heat

: F v _ » % . T B I1s v
Al e |y | ABRBE L YY Y FPECORMBARDZE (1 %ﬁig ﬂ]

o o | w | YYEY | X EY | BTAI | T3
R ES| wE R pTa | Vi | BRCA | FRTE
L 3 | a7y 75.0 41.3 | 80.8 33.7
% | 3 136.0 3.5 | 1130 | —106.6 97.5
w | 4 155.7 3.0 | —45.0 | 22.5 71.0
| 5 73.5 108. 0 55. 0 33.5 100. 0
B | 6 | 133.3 218.0 27.0 69.0 112.7
/NEF | 535.9 429.5 189.3 38.8 414.9
2 | 435 122.3 71.5 0.4 56.7
| 3 | 119.0 58.4 | 34.0 | — 30.0 12.5
o 4 69.2 | 42.9 | — 31.5 | 9.0 65.8
5 16.4 63.2 | 68.2 | 2.9 81.0 # 12K 3 MEFHEOE T A I FFAse T 8 o
m| 6 |— 42 |—32.3 3.9 | — 46.0 39.5 123 Il iz D & FR BT
N3 2439 254.5 149.7 | 30.1 255.5 5 PECoLGHSA o2k
_ I 2 B 10.6 |_" 69.7 | 29 4 77.5 b 49.3 Flg 12 EI’OSiOIl Difference Of Ladle Llnlng
i’ A <R R e (=l | B at the Front Side between High
5 173.3 ‘ 88.1 | 59.5 | — 12.8 59.5 Alumina A and Chamotto C Bricks
#l | 6 | —12.5 | 6.0 | 35.0 | — 41.8 61.3 )
ANE | 431.2 sl 1444 | 9.4 274.4 after 3 Pourings
= | I - o e | N |
e | l | ok 5 G M A T 5 | G
oss | 1,211.0 } 1,035.1 183. 4 0.7 | 944.8 F b DTl D, BEOBECIER A X0 5 & B A E
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Table 6. Change of Chemical Compositions
of the Slag

41.98 117.41

ﬁ@mﬁzgﬁfﬁ t % R 2 (%)
WE e | E B :g Si0g | FeO! Alﬁ [Mno CaO {Mgo
1| 22.78! 1 Bli 1.60 | 0.54 50.82115.10
D3487‘2529 30 2.39| 5.10 0.68
. = === [
£ 1 [l |1 |20.90| 1.30| 1.69 0.57i 60.68 | 5.92
-3489 | 9 (29.38| 2.75| 4.21| 0.36| 51.40‘ 5.52
W (S ) S — S
~vxey | 1| 22.38| 1.55! 1.30

0.3 ‘51 69  15.00
.94 0.50 |4317| 6.51

1

6

o |1 24.46 219 0.18 0.29 | 52.2 |1184
~34% | 2 30.88 | 2.61 5.98| 0.43 | 45.37 \8

1| 24.50| 1.59 1.27| 0.36! 46.40 17.85
D-3504 | 5 20.90 | 2.46 6.94| 0.43 44.40 9.82
5 2 v 8 | - L. | S
| |
Y eY M| _ge0s | 112494 130 157 0.22 51.83 10.96
A~y eyl ~ 2 32.30 1.30 8.59 0.50 44.30 7.36
FEC e
, 1 | 24.46| 1.30| 1.45| 0.18] 55. 23\ 8.97
=oalie: [ 3 | 31, 08_ 2.32| 8.54| 0.4345.12| 7.17
1| 21. 92' 1.33! 1.69| 0.44 | 57.20!11.19
D-3513 | 2 | 33.42| 1.77! 7.30| 0.30 14.37 9.74
1 19.82 2.36 1.42 0.51 64.33 4.42
o ~315 2 30.66 1.47 8.54 0.36| 50.70| 5.64
=3 8] ) |

21.08| 1.91 72| 0.65| 49.68 | 17.53

AW RE 1 2
YYEYIFH -3519 9 | 28.52 2.50| 6.45 0.73 43.37|14.99
B~¥¥2¥|

FEC 1] 21.96| 2.06| 0.60 0.51 57.12|11.66
=3521 | 2 1 30.16| 1.77| 9.39 | 0.44 | 44.79 | 10.68
. 1 23.22| 1.47 0.91 0.15| 61.54 | 6.42
3524 2 30.88 2.36 8.12 0.40 48.79 6.68
|1 20.82 1.47 1.46 0.15 46.39|23.53
D-3527 | 9 35.00| 1.69 7.72 0.39| 35.08 | 15.47
0 ] [ E— . |
BT S FEY| e |1 23.68 2.06 0.35  tr  58.63| 5.82
A~y T 2 130.72 2.06 11.38 0.26 49.1;| 2.97
i‘Tf—EC I~ P ;
1| 18.14 2.42| 0.80 0.45 43.89 | 24.37
3933 121 30.21 1.46 12.36 0.56 34.86 9.59
1/ 23.56 1.29| 1.12| tr | 35.97|27.49
D-3543 o 926.098 2.12 4.73| 0.07 32.13|24.26
1 24.70 1.55 1.14 tr | 62.50 3.35
- 3545 ' 2 1 30.02 1.55 8.68  0.22 49.50| 5.36
& 0 | |

_—r 1 23.50 1.03 2.13 0.29 57.06 15.69
W7 ST 3547 | 9 | 96.72| 1.58| 3.77| 0.07)| 45.22 | 5.11
B~s¥xY -
PEC ) 1 22.80 1.18 2.11 tr 61.70  7.02
3549 9 29.40 1.55 11.81 0.33 46.48 6.11

=]

—

|1 23,82/ 1.32 1.33 0.15 53.09|14.10
-3551 o | 30.66| 1.47 | 9.53 0.22 48.60! 7.21
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Table 7. Increase of SiQ, and Al,O; Content
in the Slag

| o W]ﬁﬁ i & 2 g #
ol GO b

I M| E (/) |SIO=J Si0» ;SiO_«;:_’ Aly | Alz Al,0'3

F | =5i0g! O=z O’_'__Al__,_(),:;
D-3487] 1,210 | 22.78 35.45!11.67‘ 1.60 | 6.17 | 4.57
MR 3489) 1,180 20.90 13.76 | 1.69 4.96| 3.27

1| A | 3493/ 1,073 22.38 32.72|10.3¢| 1.30 7.44| 6.14
m | g | 3496] 1,152 24.46  41.56 17.10 0.18 6.88| 6.70

2P 1 1,154 — — | 13.22 -~ — | 5.17
- 5{’ D-3504% 1,045 | 24.50 | 31.24 | 6.74| 1.27 7.25| 5.08
, | | 3506 1,169 24.9437.76| 12.82| 1.57|10.04 | 8.47 = . | -
> | w\ I ivaig ) F_ rirﬂ: 7. Hr ki = s
R 3508 1,221 | 24.46| 37.95 | 13.49| 1.45| 10.40| 8.98 S X HE L 72 W A MM K o #K
] %1‘ = 1,145 - — | 11.02 — — | 7.81 Fig.18. Surface of R(‘IE-EP]{‘: Brick Affected

—me — = | by Molten Steel and Slag
D-3513| 1,289 | 21.92 | 43.08

| (2116 1.69| 9.40  7.71
4| v | 3515/ 1,268 19.82 38.88 19.06| 2.72| 8.18 5.46
4 j; | 3519 1,145 21.08I 32.65‘ 11.57; 2. 72 738 4.76
L | 3521 1,275 21.96 | 38.45 16.49 | 0.60 | 11.97 | 11.37
M1 e | 35240 1,261 23.22 38.94 15.72 0.91 10.24  9.33
| B lamgmlLus| —| —|1680| - ! =iy
e A - Pk
| D-3527 1,417 | 20.82 49.59 | 28.7?‘ 1-46‘ 10.94 | 8.48
L 3531 1,193 23.68 | 36.65 12.97  0.35 13.58 | 13.23
| 5| 3533 1,250 18.14 38.03| 19.89| 0.80 15.56 14.76
e | Nl n00) " —| —|20.54| —| ——i 12.16
| wh-i1)~3543'1,119 23, 56l 30.19 6.63 1.12 5.29 | 4.17
! - i 3545 1,262 20.70| 37.88 13.18 1.14|10.95 9.81
. *:; 3547 1,261 23'501 33.69 | 10.19 | 2.13| 4.75| 2.62
| 5| 3549 1,327 22.80 [ 39.01 16.21| 2.11|15.67 13.56
Bl g | 3551 1,051 23.82 | 32.22 8.40 1.33 | 10.01  8.68 T RS ol i A P
Blimminmd| —| —|1ma| —§ =|om RO ERLE>+=y FRARLORHE
Fig.19. Surface of Chamotto Brick A
% 08 % MMM EEE D Lk zsf\lg;(,ted by Molten Steel and
Table 8. Chemical Composition of Affe ted e
Zone of Ladle Bricks o
W B G & % ® & (%

kF =1 | Si02 Al203 FesO3 MnO | CaO | MgO

M FH B | 59.40| 16.89| 4.79| tr | 16.02 | 1.54
vrey FEA 49.36 | 34.22| 512 tr | 9.18 | 1.41
vYeY MHB| 3270 22.95 | 471 0.33 | 32.49 | 4.72
W7 ARFEA 24.68 35.30  3.96 | 0.20 | 34.02 | 1.51
B7A37BB| 31.16 | 39.69 | 6.19| tr | 19.83 | 3.12
y¥eYHC 5042 19.69  7.93| 0.2 18.75| 1.03

(8) (HEHRDOBEOEEI LA HIC Lo TERA L -

L7cH DT, vy PEBRBIOET NV FHAR S ‘ig.20. Surface of Chamotto Brick B

L"’Cﬁ'igﬁﬁ‘[’l’{ﬁ&ﬁﬁﬁﬁ:ﬁifﬂj:;‘.;"'L‘i , A BRE D FEEiAH Affected by Molten Steel and
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Table 9. Comparison of Cost Per Heat of
the Ladle Bricks

I b ?
Ak Bt MR T ‘éE ‘y-’v:r://ﬁr%?'ﬁgﬁ?;pal?g,‘j*ms';/{v%v
Ht B | AR g Alre Crm A>@ Bia C

ol Mo &
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Table 10. Comparison of Erosion of the
Sleeve Bricks

*J—*))ﬁE@E@E(mm) E i (%) B

=) —THE | Wl v N
BTV V¥ E g7 x| v
Gilay E]‘ﬁ'?fi“ Y RAen'A | 3 FE | VHFE

| |
No.1, No.2 | 134.9 | 136.2 | 137.6 — - -
|

No. 3 132.5 } 125.0 | 127.5| 1.78 | 8.22| 7.34
No. 4 133.8 | 130.2 120.0 | 0.82  4.41 | 6.26
No. 5 133.5 | 132.5| 129.3| 1.04| 2.72| 6.03

# 11 % = Xk 32 ) — 7 KE O Eah

Table 11. Erosion of Sleeve Bricks by the
Molten Slag
HRA Y —7 Bt T T
wRE |
2] e CwmEE | ERAE | ()
i | dEg 1350 | 0
2 134.9 | 117.0 13.3
B
& B 3 134.9 B2r.z | 5T
4 134.9 123.7 8.3
1 1362 132.5 | 2.7
2 136.2 65.8 51.6
= o) 5.
w7 WITR 3 136.2 120.4 11.6
4 136.2 78.9 42.0
. L R Sl Sl A
S | 137.6 ‘ 120.0 | 6.3
r 2 137.6 91.5 38,5
3 W L |
it 3 137.6 | 1211 12.0
| 4 | 137.6 107.1 22.2

(10) RV —FEREOEANIAM LM L 54D &
MBED LI X 5 b D LTS DR AR, BEI0KII
G DR L RER L R LI D Th 5, RiFRIL ]
RIBDELDI/ PR TR L, [FHEIOEEII G 5 1
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Fig.21.
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Surface of High Alumina Brick
A Affected by Molten Steel and
Slag
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Fig.22. Surface of High Alumina Brick

B Affected by Molten Steel and
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Fig.23. Surface of Chamotto Brick C
Affected by Molten Steel and
Slag
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Fig.24. Comparative Graph Showing
the Degree of Erosion of Sleeve

Bricks
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Table 12. Chemical Composition of Steel

and Slag
| L
. C | si IMn P | S
. 0.35 | 0.30 | 0.60 | 0.010 | 0.00
| ~0.55 ~0.35| ~0.70 ~0.015 ~0.013

Si0z | SFeO | Al2O3 | MnO | Ca0 | MgO

. | 17.0 1.20 | 1.15 0.50 | 56.0 | 4.70
@ | ~255| ~1.95| ~2.00| ~0.95| ~67.5| ~9.15
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Comparative Graph Showing the

Degree of Erosion of Sleeve
Bricks at the Slag Line
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Fig.26. Erosion Difference of Sleeve

Bricks at the Slag Line (No. 2
Experiment)
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