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Effects of Rare Earth Elements on Properties of High Quality Ingots

Moriyuki ISHIGURO, Masahary 110, and Tatsumi Osuka

Synopsis:

To produce high quality high—tensile steels, rare earth metals (REM) were added into molten steel
with a sulfur content 0.007% in the mould, and investigation was made on the inner quality of the 30 t
big—end down ingots (amount of added REM: 0.032 and 0.052 wt%), and on the properties of the plates
from these ingots. Conclusions reached are as follows:

(1) REM treatment to killed steel results in the conversion of MnS to sulphides and oxisulphides of
rare earths which are hardly deformable by hot rolling. Thus, sulphide shape control can be successfully

made of REM addition.

(2) REM has a stronger deoxidizing ability than Al
(3) The separation of REM inclusions from sound ingot portions can be sufficiently made by this method

as industrial process.

(4) Among inverse V-segregation in REM treated ingot, sulphur shows negative segregation. A proposal
is presented to explain the cause of this negative segregation of sulphur.
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Fig. 1. Mould addition method of REM.
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Fig. 2. Comparison of inner quality between
REM-free and REM-treated ingots.
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Table 1 Casting conditions of tested ingots.

Grade of steel 65 kg/mm? high toughness and tensile steel for line pipe
Ladle analysis | C© | Si Mn P | s Nb | Gr Cu | Sol. Al
(%) 0.13 | 0.20  1.28 | 0.014 | 0.007 = 0.030 | 0.26 0.05 0.023
Casting ternp. = '
o 1
(°C) 555
Ingot Bottom poured, 30t, big-end-down flat ingot
REM addition
(wt %) 0.032, 0.052 |
REM analysis Total REM Ce La ‘J Fe | Others
(%) 95.9 ! 50 25 | 3.2 0.9
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Photo. 1. Microstructure and characteristic X ray images (by EPMA) of typical cluster-like

REM inclusions.
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* Based on J. S. P. S, classification

Photo. 2. Typical inclusions in plate.
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Fig. 3. Improvement in stee! plate cleanliness
by REM treatment (S=0.007%).
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Fig. 4. Effect of REM treatment on shelf energy
in transverse direction of plate (S=0.007
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Fig. 5. Relation between shelf energy in transverse
direction and [S] of low sulphur steel
plate.
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Fig. 6. Relation between amount of added REM
and residual sulphur.
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Fig. 7. Practical deoxidation relationship.
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Table 2 Identification of REM inclusions by
EPMA.
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Fig. 8. Effect of cerium on the solubility of oxygen in liquid iron.
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Fig. 9. Effect of cerium on the solubility of sulphur in liquid iron.
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Table 3. Floating velocity of cluster-shaped inclusions.

T DiE

Cluster size (‘u) 50 100 300 500 1 000 3000 5000
cm _ _ _

U REM inclusion (Q) 4x10-14 4x10-3 4x10-2 10-1 3x10-t 1.1 1.9
cm - - -

¥ A1;04 (E) 10-3 | 10-2 10-1 3x10-1| 6x10-1 2.3 4.0
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—d e
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Photo. 3. Example of inverse V-segregation of
REM treated ingot. (s-print)

Table 4. Investigation of inverse V-segregation
by chemical analysis.

Chemical analysis (%)

Components C Mn P S

Inverse-V!| 0.15 | 1.38 | 0.023| 0.002
REM-treated

Matrix | 0.13 | 1.30 | 0.014) 0.006

Inverse-V | 0.15 | 1.36 | 0.030] 0.012

REM-treated
Matrix | 0.13 | 1.28 | 0.014| 0.006

- Fig. 10. Line analysis of inverse V-segregation
by EPMA (REM treated ingot).
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Fig. 1. Schsmotic illustration of solidification of REM treated ingot,

Fig. 11. Schematic illustration of solidification of
REM treated ingot.
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BeoiRE REM LRYEE S LU H OBRIZ
[2REM]2[20]3=3.5%10-1, [9Ce][%S]1=7.5%
10-5 2700, LHEMCERDTRIFLBEEE T, SHissE
TLTW5.

(4) REM Fiod V @Hrx, G, Mn, P &
REM free $EFEERIEIRIT T 228 SIAARITEZTL, S
7Y MIABE DB QTS

S BERHTT 5Bhix, Sk REM QIic X v a8+
w REM A FEfn & LChif U, BBLET HuCREESE
NTHEHBROT - F74 MkicHltREh, #EVIETE
L HREFBRIEEPCE, BEAYFEELEIKBZE
whs.

HbDic, AMROBFMCYD, MBI LTHEEL
BRI DS T A RS, PR S TN 447R8
FROERICHEILP L LT £ 1.
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