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Abstract: By using the thermodynamic calculation systematic sampling from BOF LF tundish casting
billets and the wire rod combined with SEM analysis the type and amount of inclusions as well astotal ox—
ygen content and the nitrogen content in LX72A steel which produced by LDA.F-CC process have been
investigated and measured at various production steps. The results show that the type of inclusions at the
end of BOF is mainly Al,0,-8i0,-MnO. After LF treatment the inclusions translates into spherical
Al,0,-510,-Ca0-MgO particles which have a low melting point and easily floating up. At the stage of wire
rod production the inclusions evolves into Al,0,-5i0,-Ca0-MgO system. The amount of inclusions in
tundish and casting billets decrease dramatically indicating that changing basicity benefits to inclusions
modification. The total oxygen content was 25 x 10 ~° and the nitrogen content was 40 x 10 ~° in the wire
rod which meets the requirements for steel cord.
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: LDF-CC LX72A
?0. 38 mm 1.
o Si
N 0.040% ~0.060% S 0.010%
o 50t C
0.56% ~0.66%
LX72A o LF N
15% o
0.7 ~
0.9, MgO-C °
1
(150 mm x 150 mm)
LX72A ( GB) ?5.5 mm o
1 LX72A ( )
Table 1 Chemical compositions requirements for LX72A ( mass fraction) %
C Si Mn P S Ni Cr Cu
0.69 ~0.74 0.15~0.30 0.30 ~0.60 <0.025 <0.015 <0.10 <0.10 <0.10
0.72~0.73 0.23 ~0.28 0.50 ~0.53 0.012 <0.008 <0.008 <0.029 <0.016
Ca0.MgO 5
2
erl o
LF NEEEN
o SEM + EDS
A N o 20um Tum
T O N o 1
3 Fig. 1 Metallograph of typical oxide inclusion
at the end of BOF
3.1
2 1 ( )
Tabel 2 The mass fraction of inclusion composition
: MnS Al O, of Fig. 1 corresponding %
( MnS) . ALO,  CaO S0,  Mg0  MnO  MnS
: MnS 1( a) 100
1('b) 61.47 0.89 22.85 2.66 12.18
3.1. 3.1.2 LF
1 2 2 3 LF
Al O,
10 pm; Al,0,-510,-MnO Al O, 10 pm
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4 3 ( )
Tabel 4 Composition of inclusions marked in Fig.3 %
Al,0,-510,-Ca0-MgO ALO;  CaO0  Si0, Mg0  MnO  MnS
MnO.MgO MnS 3(a) 100
3(b) 62.41 15.10 16.90 3.36 2.23
5 pm
Al,0,-510,-MnO 314
MnO CaO 1 L}; 5
Al LF
ALO, o LF ALO;
MgO. 8 pm ’

Al,0,-5810,-Ca0-MgO
MnO  MnS 4 pm

o

20em 101 m

2 LF
Fig.2 Metallograph of typical oxide inclusion ~
at the early stage of LF 101 m 101 m
4 LF
3 2 ( ) Fig.4 Metallograph of typical oxide inclusionat
Tabel 3 Composition of inclusions marked in Fig.2 % the end of LF

ALO, a0 S0,  Mg0  MnO  MnS
2(a) 100 > 4. . . . ( . )
2(b) 5073 13.92  19.80  2.08 3.81 0.66 Tabel 5 Composition of inclusions marked in Fig.4 %

ALO, a0 S0,  Mg0  MnO  MnS
3.1.3 LF 4( a) 100
3 4 IF 4(b) 4071 28.10 2579 4.8 0 0.5
Al, O,
5 um , 3.1.5
Al,0,-8i0,-Ca0-MgO 5 6
MnS 3 um : Al 0,
AL O, o S pm :
MnS Al 0,.Si0,
5 pm
1%; Al,0,-810,-MnO
CaO MnS
10 pm o
101 m 101 m 3.1.6
3 LF 7 6
Fig.3 Metallograph of typical oxide inclusion at Al O,

the middle stage of LF 10 pm o
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1 . LD-LF-CC LX72A
MnS o
Al,0; - Si0, - CaO MnO.
Al 0,-510,-Ca0-MgO MgO  MnS 0

10 #m 10 ¥m 10 um

5
Fig.5 Metallograph of typical oxide inclusion in the tundish

( ) 76 ( )

6 5
Tabel 6 Composition of inclusions marked in Fig.5 % Tabel 7 Composition of inclusions marked in Fig.6 %
Al, Oy CaO Si0, MgO MnO MnS Al, Oy CaO Si0, MgO MnO MnS
5(a) 100 6( a) 100
5(b) 6.14 77.44 4.19 12.23 6(b) 22.34  17.57 60.60
5(c) 45.34  5.36 35.68 11.05 2.60 6(c) 58.24 15.76  23.59 1.35 1.05
20 um 7 um 10 4m
6
Fig.6  Metallograph of typical oxide inclusion in the casting billet
3.1.7 7(d) 5 pm
7 8 “ " AL O,
AL O, 10% MgO. MnS
6 pwm MnO
b AL O, - Si0, — CaO “ o “ory
Al,0,-510,-MnO MnS 3.2
MgO. 7(b) AL O, N
AL O, 30% Sio, Si — Mn
45% Ca0 20% T
AL O,
7 T(e) 5 wm
AL O, 30% 0.5~ Al O, :
1.0 Ca0-AL0,-Si0, Si +2 0 =Si0,(inc) (1)
2 Mn + O =MnO(inc) (2)
2 Al +3 O =Al0,(inc) (3)
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6 1m 10 um 7 um S um

7
Fig.7 Metallograph of typical oxide inclusion in the wire rod

8 7 ( )
Tabel 8 Composition of inclusions marked in Fig.7 % sl = — ALD
T —e— Si),
ALO;  CaO Si0, MgO MnO MnS - —a— (Cal
i —w— MnO
7(a) 100 ) T, —— Mg
7(b)  33.20 21.60 45.20 = aof T~ ,__E.)
7(¢)  24.50 14.10 41.50 0.90  8.50  10.40 pr /:><
7(d)  53.45 1.42 892 16.22 20.10 &30 e ~—
Sl T
LF .
10 & v———a
——
O 1 1 1 1
Ca0 WAL WM P R bl A G
Ca LEAHi 5 -
Mn0O-Al, 0,-8i0, 8 AL0,-8i0,-Ca0-Mn0-MgO
MnO-Al, 0,-8i0, Mn Ca
LF MnO-AL O, - Fig.8 Average content of individual component
Si0, Ca0-AL 0,-Si0, 3 in Al,0,;-8i0,-Ca0-MnO-MgO inclusion
at various process steps
Ca + O =CaO(s) (4)
70F =
MnO (inc) + Ca =CaO (inc) + Mn (5)
ALO, +3 Ca =3Ca0 +2 Al (6) i eof
Al,0,-8i0,-  sof
Ca0-MnO-MgO =
8 9. LF  ALO, s T
B
Si0, {—/ s
’ \_/.
20
A1203 o Si02 1 1 1 4| 1 1 1
. AP Wi P RN e IR &M
Si LEW R H5 B
(1) . LF Ca0 i
ALO, MnO 0 o .
Fig.9 The number of inclusions at various
(4) .(5) (6) t
process steps
3.3 N TO
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1 :LDAF-CC LX72A
10
Y. 10 N TO . . T O 25 x10°°
30 x10°° .
50 - 4
) 40 +
1) AL, 0,-Si0,-MnO
% 20}
) LF
0 CaO
% B M g ? AL, 0,810, a0 Mg0O
LERHRs 45 .
1995 2 °
3~10 wm;
N To AL0,8i0,-CaO-MgO ;
Fig. 10 The changes of N and T O content
of steel at various process steps A
10 LF 2)
. N o S
34 x10°° ~40 x10°° 50 x10°° o
o W ( A1,05) <
’ T O 30% .
6, 3) T O N
T O 55 x10°° LF 17 o T O
x107° 16 x10°° T O Als .
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