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STUDY ON SOLIDIFICATION PROCESS OF INGOTS (II)

(Chemical Variations of Molten Steel near the Solid Phase of

- a Large Ingot during Solidification Process.)

o

Shizuya Maekawa and Yoshitaka Nakagawa

Synopsis: .

The authors made investigations into the state of molten steel near the solid phase of a
ingot of 9~20 tons with a sampler which had been described in report No. 1. (p. 467~470,
April, 1958 of this issue.) ' ‘

The results obtained were as follows:

1. Carbon, silicon,'manganese, phosphorus, sulphur, hydrogen and nitrogen concentrated
into liquid phase ‘along with the progress of solidification.

The quantity of it, (in case it was indicated based on the value at a tundish immediately
before casting), was as follows: 1-40 times for carbon, 1°10 times for silicon and manganese,
. 1*50 times for phosphorus and sulphur above 2°00 times for hydrogen and nitrogen

2. In the process of solidification, the total quantity of oxygen in molten steel near the
solid-liquid border line showed inclination to decrease with the progress of the solidification.

* R 3 ERESRBAKKRE O KK BABMAF, TWMEFTRS 28
ok ” 7 B .
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However, it increased a little when the progress of solidification reached as far as 'near

the sinkhead.

Both Al;0; and MnO were observed to have almost the same tendency as total oxygen and
SiQ, was noticed to have an inclination of a little more concentrating into the liquid phase
with the progress of solidification.” Content of FeO was almost negligible, being shown no
clear variations and generally, the variations of oxygen and oxides were not outstanding.

In general, there existed some relations between the concentration of these elements in
the liquid phase during solidification and defects in ingots. '
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Fig. 1. Solidification state of ingots tested andl
variation of sinkhead temperature.

Table 1. Chemical composition of ingots tested.
Chemical composition 9
Ingot size . ; 51 ]
. . 2
C Si Mn P 7 7 S (CC/IOOg) gz 02
20 0°269 0°40; 0°38s 0026 0031 3+53 0+0028 0°007,
15 0°30, 048, 0°96¢ 0+021 - 0028 - 424 0°0026 0°008sg
.9 0+35; 032 - 0+49, 0+021 0-036 4°58 0°0036 0°003¢
-9 0°35s 0+3lg 0-60, 0025 0+028 346 00031 0:0083
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tion process. ’

Table 2. Concentration rate of each elements.

Element Size of ingot | When two-third of the | When 125cm from the When 70 minutes
(t) main body was solidified | bottom was solidified - after-casting
- 20 1°32  (1+35) 1°20  (1-20)
C 15 1°87 . (1+15) 1424 (1°14) ©1+37  (1°15)
9 1°11  (1°05) 110 (1+05) 1°26  (1+23)
o 9 1°21  (1-16) 1°21 (1°16) 1°24  (1+24)
20 101 (1-04) 1*00 (1-02)
Si , 15 1°02  (0°99) 1+02  (1°00) 1402 (1-00)
9 1°03  (1°03). 1°03  (1+05) 1408 (1+07)
9 1706 (1°05) 1°06 (1°05) 1+07  (1+11)
20 1°07  (1°09) 1+01 (1°00)
Mn 15 1-04 (1:04) 1704 - (1°03) 1:04  (1°04)
9 ©1°00  (1-02) . 1:00 (0°99) 1°03 - (1+03)
9. 1*06 (1°05) 1°06 (1°05) 1*05 (1<07)
20 1°31 (1°19) 1:04 (1-04)
p 15 1+43  (1+24) 138 (1+14) 1°43  (1°24)
9 1-08  (1°20) 1°04 (1°04) 1-18  (1°22)
9 .. 1°38  (1°14) 1°38  (1+14) 1°43  (1-16)
20 1°28  (1°33) " 1415 (1*25)
S 15 - 1023 (1+17) 1°08  (1-14) 1°23  (1+17)
9 1°25 (1-25) 1°22  (1°19) 1°42  (1-37)
9 1°16 (1+02) 1916  (1°02) 1°22  (1-11)
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Fig. 4. Variations of silicon and manganese
contents during solidification.
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Table 3. Concentration rate of hydrogen and nitrogen cc/100g.
Element | Size of ingot | When two-third of the | When 125cm from the ! When 70 minutes
| (t) main body was solidified | bottom was solidified after casting
20 194 1°47
H . 15 1+59 154 156
z 9 1°94 1+86 2407
9 1-38 138 1+50
20 2:80 (2°40) 193 (2°17)
N . 15 2:98 (2°78) . . 205 (2°39) 2°95 (2°+75)
z 9 2:09 (1°91) 1°68  (1°68) 1°98  (2°07)
' 9 1°31  (1-49) 1431 (1-49) 1°35 (1°70)
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STUDY’ON'THE]HOT¥DUCTHJTY(M?STEELS(D

(Study on the Hot Twist Test)

Synopsis:

Tatsuaki Morishima

As a method to evaluate hot ductility of steels, hot twist test was adopted and study on

its test was performed.

The design and construction of the testing apparatus, procedure of test and the form of

test specimens were described.

Some tests were carried out to confirm the reprodumbxhty, accuracy of test results and

availability of this test.

In these tests, the following results were obtained.
(1) The apparatus used showed fairly good reproducibility and accuracy of test results.
(2) This test was proved to be more useful and sensitive to evaluating hot-ductility of

steels as compared with

other tests such as high temperature tensile or impact test.

Also in this study, the effect of MnS inclusions on hot-ductility of steels was examined.
In addition, by means of this test, some experlments were performed on the hot-ductility

of various carbon and alloy steels.
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